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ABSTRACT

Urbanization becomes increasingly important in our modern life. This is undoubt-
edly a huge opportunity and challenge for construction industry. More and more bridges
are constructed to improve the infrastructure and develop the economy. For more than a
century, reinforced concrete bridges are the most common bridges due to its durability,
relatively low maintenance cost and rapid construction. In general, concrete bridges are
designed to ensure a service life of at least 100 years. However, mechanical and en-
vironmental factors or excessive use accelerate the deterioration of the bridges. Some
bridges even failed in their early-life. Thus, we are faced with the necessity to moni-
tor health condition of bridges at every moment during their life which is also the aim
of Structure Health Monitoring (SHM). Most deterioration and failure mechanisms are
connected to the development of micro- or macro-cracks. Ultrasonic Coda Wave Inter-
ferometry (CWI) method using diffuse wave is one of the most promising method to
detect subtle changes and cracking in heterogeneous materials such as concrete. More-
over, the data acquisition system has a high portability and the size of data recorded is
small. If needed, even real-time assessment can be performed with an optimized algo-
rithm. Embedded ultrasonic sensors can be installed inside the structure to avoid changes
in coupling or excess influence of environmental influence factors. The measurements
will focus more on the internal of the structure. Research shows that CWI has high sen-
sitivity in detecting temperature change, stress variation and cracks in laboratory size
concrete specimens. A young reinforced concrete road bridge in Gliwice, Poland has
been monitored in a first step. Results have shown that the bridge is in good condition.
However, the method has so far not been implemented on existing middle-aged bridge.
In this paper, the monitoring of a 46 years old reinforced concrete road bridge close to
Cologne, Germany will be discussed. Multiple sensors (thermocouples, strain gages and
embedded ultrasonic sensors) were installed in the bridge. The bridge will be monitored
for at least one month and subjected to a load test. As a result, the influence of tempera-
ture should be detected and quantified and a diagnosis of the bridge condition (especially
changes in cracks) should be established.
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INTRODUCTION

Sonic and vibration measurement methods are widely used for structural health mon-
itoring (SHM) application due to the easy implementation and non-destructive features.
Since the diffraction and attenuation of elastic waves in concrete is pronounced, a rela-
tively low frequency is usually adopted to generate elastic waves in concrete [1]. This
method is normally done in a frequency range between 500 Hz and 10 £H z [2]. The
wavelength is larger than the size of many aggregates and typical defects, thus the sen-
sitivity to microscopic features are limited. When the measurements are performed in
a frequency that exceeds 50 kHz, the waves interact with small heterogeneities. [3].
Ultrasonic pulse velocity (UPV) test is the most common ultrasonic method to assess
the quality of concrete by measuring the time of flight (TOF) of ultrasonic waves. The
products based on this method are commercially available. However, when the change
or damage in the structure is relatively small which doesn’t have detectable influence
on the first arrivals, UPV method is not applicable anymore. To reach a higher sensitiv-
ity and do early-stage damage monitoring, CWI method from seismology were devel-
oped. CWI method has shown a great sensitivity to stress change and cracks opening
in small laboratory size concrete specimen [4] and in large reinforced concrete beam
under outdoor environment [5]. This method was also successfully implemented on a
real bridge in Gliwice, Poland. Weak temperature induced velocity change has been
detected [6]. Nevertheless, the experience and usability of CWI method on real civil
engineering structures are still insufficient. In this paper, installation of a novel type of
embedded ultrasonic transducer using a new developed method are explained in detail.

CODA WAVE INTERFEROMETRY

In heterogeneous medium, waves propagate along the multiple scattering trajecto-
ries. They are much more complicated than the direct wave or simple reflected ones.
Coda wave is a sum of these waves which have repeatedly sampled the medium. Minor
changes in the medium are amplified by these repeated sampling [7]. Therefore, it has
a higher sensitivity to detect weak perturbations in the medium. The principle of CWI
method is to compare two signals recorded in different states. Coda waves are highly
repeatable, when there is no change in the medium over time, the waveform doesn’t
change.

The basis of CWI method are velocity change (dV/V) and correlation coefficient
(CC) which measures the similarity between different signals. When the change in the
medium is relatively small, the first arrivals don’t change (i.e., figure 1 [0.16 ms, 0.35
ms]) while the coda wave (i.e., figure 1 [1.5 ms, 1.7 ms]) shows a change in waveform
and small time-domain perturbation. In this case, the velocity change is considered as a
dilation or compression in time by a factor («) [8]. A chosen reference signal is stretched
by different factors « in a range [-Qtnqz» Qmae] With a resolution of 10> or even 107°.
CC between the signal recorded in a new state u,(t) and all the stretched reference
signals u,(t(1 + «)) will be then calculated. The o which maximize the C'C(«) is
chosen as the velocity change.
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Figure 1. Signals recorded before and after small perturbations in the medium.
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Stress and temperature induced velocity variation are normally relatively small. When
the velocity varies more than 1%, crack opening can be indicated. In this case, velocity
variation can be directly measured by conventional TOF method [9].
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EXPERIMENTAL SETUP

Bridge at Cologne

A bridge located at Cologne in Germany, constructed in 1972 was provided by BASt
(German Federal Highway Research Institute). Eight ultrasonic sensors were planned to
install inside the bridge in 2019. The tested bridge section was about 23 meters long and
15 meters wide. Detailed bridge dimensions and sensor locations are shown in figure 2.
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Figure 2. Drawing of the top view and cross-section of the bridge.



(a) [8] (b)

Figure 3. (a) Mounting SO807 to reinforcement with 3D-printed adapters on new bridges; (b)
Mounting SO807 with L- shaped rebar on Gliwice bridge.

Installation of sensors

The traditional way to do ultrasonic monitoring is to glue the ultrasonic transducers
on the surface of the structures. To focus on the interior of the structure and reduce the
influence of near-surface changes, a new type of embedded ultrasonic sensor SO807 was
invented [10]. The sensor could be mounted easily onto the reinforcement by attaching
some 3D-printed adapters or a L-shaped rebar during the construction of the concrete
structures before casting (figure 3).

The challenge now is to install the sensors inside existing structures. A special
method was developed. A ’sensor module’ was designed as shown in figure 4 (a). This
module contains a ring with a rubber band, one normal PVC tube segment on the bottom
which controls the depth of sensor, one SO807 transducer and one special PVC tube
segment on the top. Three self locking cables were wrapped on this special segment and
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(b)

Figure 4. (a) Sensor module and grout flow; (b) Longitudinal section of the tested specimen
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Figure 5. Diagram of work process.

some notch were cut at its end to ensure the smooth circulation of the grout.

This method was tested on a small concrete specimen in laboratory. First, a hole
with a slightly bigger diameter than the transducer and slightly deeper depth than the
installation depth was drilled. Then the sensor module was placed into the hole and
fixed by two screws. A fast hardening and slightly expanding type of grout was then
pumped in through the inlet. The rubber band ensured the sealing of this module. The
grout filled the spaces between the sensor module and the concrete gradually. When the
grout came out through the inner hollow space of the sensor and PVC tube, it is a signal
that all the gaps were fully filled, By then, the inlet was blocked. 24 hours later, the
tested specimen was cut into halves, the longitudinal section are shown in figure 4 (b),
this installation method ensures sufficient coupling of the sensors to the concrete.

Implementation on real bridge

The entire installation process followed figure 5. The first-phase preparation included
designing sensor positions and assembling sensor modules in laboratory.

When this method was implemented on-site, the situation was always more compli-
cated in realistic. The position of the drilled hole should avoid hitting the reinforcement
inside the bridge. Moreover, there shouldn’t be any void (figure 6 (b)).) in the direct path

(a) (b)

Figure 6. (a) Detecting rebar by GPR (Ground-penetrating radar); (b) Real position of the
Sensors
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Figure 7. Sketch of the data acquisition system.

between two sensors.

The positions of sensors were designed as follows: the distance between two adjacent
sensors is 1.06 meter and that between two diagonal sensors is 1.5 meters (figure 2 blue
circle). However in real case, the position of the sensors were redesigned due to the
structure itself (figure 2 red circle and figure 6 (b)). All the cables coming out from the
sensors were placed in the PVC tube for better protection.

Data acquisition system

The data acquisition system (figure 7) contains an amplifier to amplify the input
signal of the transmitter, a pre-amplifier with analog filter to improve the recorded signal
from the receiver, a digital-analog data acquisition module and a multiplexer to switch
between different combinations of sensors for the measurement.

This system allows continuous monitoring with a sampling frequency of 1 M H z.
Measurement interval, number of samples and sequence of combination of sensors could
be configured by the measurement program on PC. All the devices were locked in a
weather protected box (figure 2).

PRELIMINARY DATA

A signal was recorded 24 hours after the installation by combination of transducers
01 and 04 (figure 8 (a)). The distance between these two sensors are 1.1 meters. The
result shows that the coupling of the sensors and the concrete bridge are satisfactory. As
the duraBASt bridge is still under monitoring, a monitoring result from Gliwice bridge
is shown in figure 8 (b). The velocity change measured by combination of sensors 01
and 02 corresponds well to the temperature variation during the 5 days monitoring. The
distance between these sensors are 1.15 meters. The variation of the velocity is less than
0.1% which is not detectable by classic ultrasonic methods.
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Figure 8. (a) Signal from combination of sensors transmitter 01 and receiver 04 in duraBASt
bridge; (b) Velocity change and temperature variation in Gliwice bridge

CONCLUDING REMARKS

The study shows the feasibility of installation of SO807 ultrasonic sensors in exist-
ing structure after the construction. The preparation of sensor module was uncompli-
cated and the installation process was fast. However, the manipulation on-site was more
complicated than ideal condition. The reinforcement and existing holes increased the
difficulty of installation. The bridge is still under monitoring at the moment. After the
monitoring, a general health condition of the bridge will be established. For further plan-
ning, static load test will be done on this bridge to study the sensitivity of CWI method
to stress change on real bridge and reliability and practicality of this new installation
method.

ACKNOWLEDGEMENTS

This research is supported by INFRASTAR project which has received funding from
the European Unions Horizon 2020 research and innovation program under the Marie
Skodowska-Curie grant agreement No 676139. This research is also supported by BASt
(German Federal Highway Research Institute). The test site is called ’"duraBASt” which
is the BASt demonstration investigation and reference area. Thanks to Kerstin Borchardt
Giers from BAM for the sketch drawing of the bridge.



REFERENCES

1.

10.

Wu, T.-T. and P.-L. Liu. 1998. “Advancement on the nondestructive evaluation of concrete
using transient elastic waves,” Ultrasonics, 36(1-5):197-204.

. McCann, D. and M. Forde. 2001. “Review of NDT methods in the assessment of concrete

and masonry structures,” Ndt & E International, 34(2):71-84.

. Planes, T. and E. Larose. 2013. “A review of ultrasonic Coda Wave Interferometry in con-

crete,” Cement and Concrete Research, 53:248-255.

Bassil, A., X. Wang, X. Chapeleau, E. Niederleithinger, O. Abraham, and D. Leduc. 2019.
“Distributed fiber optics sensing and coda wave interferometry techniques for damage mon-
itoring in concrete structures,” Sensors, 19(2):356.

. Wang, X. and E. Niederleithinger. 2018. “Coda Wave Interferometry used to detect loads and

cracks in a concrete structure under field conditions,” in Proceedings of the 9th European
Workshop on Structural Health Monitoring Series, Manchester, UK, pp. 10—13.

Wang, X., J. Chakraborty, K. Piotr, and E. Niederleithinger. “Monitoring a concrete bridge
girder with the coda wave interferometry methode,” 5th International Conference on Smart
Monitoring, Assessment and Rehabilitation of Civil Structures, Potsdam, Germany, ac-
cepted.

Grét, A., R. Snieder, and J. Scales. 2006. “Time-lapse monitoring of rock properties with
coda wave interferometry,” Journal of Geophysical Research: Solid Earth, 111(B3).

. Niederleithinger, E., X. Wang, M. Herbrand, and M. Miiller. 2018. “Processing ultra-

sonic data by coda wave interferometry to monitor load tests of concrete beams,” Sensors,
18(6):1971.

Stdhler, S. C., C. Sens-Schonfelder, and E. Niederleithinger. 2011. “Monitoring stress
changes in a concrete bridge with coda wave interferometry,” The Journal of the Acousti-
cal Society of America, 129(4):1945-1952.

Niederleithinger, E., J. Wolf, F. Mielentz, H. Wiggenhauser, and S. Pirskawetz. 2015.
“Embedded ultrasonic transducers for active and passive concrete monitoring,” Sensors,
15(5):9756-9772.



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

	Table of Contents
	KEYNOTE
	NDE and SHM in the Age of Industry 4.0
	On the Value of Structural Health Information
	Statistical Methods for Probability of Detection in Structural Health Monitoring
	Quantitative Dynamic and Distributed Fiber-Optic Sensing has Come of Age

	ACOUSTIC EMISSION
	Location and Identification of Defects in the Gas Network by the Acoustic Emission Method
	Real Time Extraction of TOA from Overlapped AE Waves Real Time Extraction of TOA from Overlapped AE Waves
	Observation and Detection of Machining Phases in EDM Microdrilling by Acoustic Emission
	Multi Frequency Acoustic Emission Micromachined Transducers for Structural Health Monitoring
	Acoustic Emission Sensing using MEMS for Structural Health Monitoring: Demonstration of a Newly Designed Capacitive Micro Machined Ultrasonic Transducer
	Estimation of the Delamination Size of Carbon Fiber Panels from the Impact Sound
	Least-Squares Reverse Time Migration for Flaw Characterisation Using UltrasonicBulk Waves

	AEROSPACE STRUCTURES
	Multi-functional FBG Interrogation for Integrated Structural Health Management
	Shape Sensing of Beams with Complex Cross-sections Using the Inverse Finite Element Method
	Embedded Fiber Bragg Gratings for the Process and Structural Health Monitoring of Composite Boosters for Space Applications
	Elliptical Triangulation Method for Damage Identification on a Complex Aeronautical Structure
	Strain-based Structural Health Monitoring: Computing Regions for Critical Crack Detection
	Mobile Robotic Platform for Inspecting Aircraft Surfaces Using Lamb Waves
	Real-time Impact Identification on an A350 Crown Panel by Using Acceleration Measurements
	Experience with On-board SHM System Testing on Small Commuter Aircraft
	Sensor Integration and Data Exploitation of Structural Health Monitoring Network Integrated on a Unmanned Aerial Vehicle (UAV)
	Methods for SHM System Capability Evaluation from Engineer’s Perspective
	Inspection Requirements for Continued Airworthiness Using Structural Health Monitoring
	Experimental Study on the Measurement of Dynamic Strains for Composite T-Joint Subjected to Hydrodynamic Ram Using PVDF Sensors
	Feasibility Analysis of Various Sensing Methods for Nondestructive Testing of Composites
	Full Field Reconstruction in Aeronautical Structures Subjected to Aerodynamic Loads by a Matrix-Based Load Monitoring Algorithm

	BONDLINE INTEGRITY MONITORING
	The Use of Adapted Measurement Techniques for the Structural Monitoring for Ariane Group Needs: Focus on Two Specific Needs and Solutions Evaluated

	CIVIL STRUCTURES
	Concrete Culvert Bridge Condition Monitoring Using Acceleration Responses: A Case Study
	Autonomous Application of Smart Cement Sensor-repairs
	Experimental Verification of the Eddy-current Inerter System with Cable Bracing for Seismic Mitigation
	Application of Image Recognition Technology to Sound Spectrogram of Impact-Echo Method
	Geothermal Power: Monitoring the Building Response During Installation
	A New Approach to System Identification of Tall Buildings
	On the Utilization of Synthetic and Measured Earthquake Ground Motions for Designing Building Monitoring Systems in the Near-field of Major Faults
	Fabry-Perot Fiber Optic Sensors for Civil and Geotechnical Monitoring of Large Structures
	Estimation of Remaining Life of the Orthotropic Deck of a Bridge Exposed to Extreme Traffic and Wind Actions
	Detection of Damage-induced Fatigue Response Based on Structural Health Monitoring Data of In-service Steel Bridges Using Artificial Neural Network
	Incorporating Non-destructive Field Measurements in Stochastic Finite Element Analysis of Reinforced Concrete Structures
	Bayesian Modeling Updating of Miter Gates with Uncertain Boundary Conditions
	Monitoring of Membrane Structures using Unmanned Aerial Vehicle Assisted Photogrammetry
	Predicting Fatigue Life of Miter Gate Anchorages with Stochastic Modeling and Limited Sensor Data
	An Expectation-maximization Algorithm-based Framework for Vehicle-vibration-based Indirect Structural Health Monitoring of Bridges
	Distributed Fiber Optic Sensors for Multiple Crack Monitoring in Reinforced Concrete Structures
	Research on New Type Disc Lock Scaffold Safety Monitoring System
	The Effect of Truck Loads on Highway Bridges via Bridge Weigh in Motion Algorithm
	Structural Durability Monitoring of a Newly Built High-Piled Wharf in a Harbor with Anode Ladder Sensor
	Field Assessment of Ambient Vibration-Based Bridge Scour Detection
	Damage Detection and Localization in Concrete Slabs Through Linear and Nonlinear Vibration Analysis
	Towards the Application of Image Based Monitoring of USACE Large Civil Infrastructure
	Thermal Behavior of a Structure Characterized Through Three- Dimensional Temperature Signatures for a Temperature Driven Method of Structural Health Monitoring
	Knowledge Transfer Between Buildings for Post-Earthquake Damage Diagnosis Without Historical Data
	Enhancing the Efficiency of Structural Condition Assessment by Integrating Building Information Modeling (BIM) Into Vibration- Based Damage Identification (VBDI)
	Monitoring Concrete Strength Using Strain Energy Based Structural Health Monitoring Technique: Hypothetical Case Study of a Gravity Dam
	Automated Generation of FE Model for Digital Twin of Concrete Structures from Segmented 3D Point Cloud
	Laser Ultrasonic Imaging of Built Facilities for Improved Lifecycle Management
	Crack Detection Using Embedded Fiber-Optic Sensors in Reinforced Concrete Beams
	Remarks on the Collapse of the Polcevera Viaduct
	Dynamic Characterization and Vulnerability Assessment of a School Building in Italy
	Application of a Structural Health Monitoring System to the Minerão Stadium in Brazil
	Real-time, Remote Monitoring for Condition Assessment and Long- term Behaviour of Metro Lines
	Structural Health Monitoring for the Assessment of the Dynamic Response of Existing Masonry Structures in Seismic Areas
	Health Monitoring of Chloride Attack in Concrete Bridges

	DIAGNOSTICS
	Identification of Train Wheel Flat Accounting for Measurement and Modeling Uncertainties
	Bone Fracture Sensing and Acoustic Data Communication
	Research on Welded Joints Stress Condition Assessment of Railway Freight Car Welded Frame with Considering Stress Concentration Effect
	Strategy for In-Situ Determination of Autogenous Self Healing Capacity Through Limited Measurements
	Real-Time Remote Monitoring of Power Plants in Terms of IIoT and Cloud Computing
	Research on Wheel Fatigue Test of Railway Vehicles Based on Non-contact Full-field Strain Measurement Technology
	Impact Index Method for Railway Catenary Short-Wave Irregularity Evaluation
	Automated Fault Diagnosis with Calibrated Artefact Probing
	Damage Identification on the Leaf Spring of a Railway Freight Wagon—Findings from Snap-Back Experiments with Transient Excitation
	Fault Diagnosis of Rolling Element Bearings on Low-Cost and Scalable IIoT Platform
	Identification of Out-of-Round Wheels on Heavy-Haul Railway Lines by Using Ballast Pressure Data
	Internal Corrosion Detection in Pipes Using Piezoelectric Transducers
	Analysis of Pathological Tremor Behavior: Application to Design a Passive Tremor Attenuator
	On the Use of Distance Measures in the Phase Portrait for Damage Localisation and Severity Assessments
	Big Data in Experimental Structural Dynamics by Synchronous Ensembles of Collocated Acceleration Signals (CAS): The Reciprocity Principle Failure and Advanced Diagnostics for Composite Material Structures
	Composite Structures Integrity Monitoring Using Rotating Electrical Signals

	ELECTROMECHANICAL IMPEDANCE BASED METHODS
	Low-Cost Electromechanical Impedance Testing Damage Detection of Submerged Civil Structures

	ENVIRONMENTAL AND OPERATIONAL EFFECTS
	Damage Detection of Reinforced Concrete Bridge Considering Temperature Influence Based on AANN and FCM-PSO
	A New Online Structural Health Monitoring Technique to Detect Subtle Damage Considering Environmental Variability
	Investigation of Broadband High-Frequency Stochastic Actuation for Active-Sensing SHM Under Varying Temperature

	GUIDED WAVES
	Structural Health Monitoring Systems Based on SH Wave Transducers Sparse Array and Phased Array
	Stress Monitoring Based on Lamb Waves Measurements and a Convolutional Neural Network
	Reliable Damage Monitoring Under Time-Varying Conditions Based on Gaussian Mixture Model and Delay-and-sum Imaging
	SETRIC—Sparsity Enforcing Time Reversal Imaging Concept for Ultrasonic Guided Waves
	Nonlinear Guided Waves for Fatigue Crack Detection in a Steel Joint
	Fatigue Crack Identification in Weld Zone of Bogie Using Guided Wave
	Advanced Non-destructive Technique for Debonding Inspection of Aircraft Composite Structures
	Guided Wave Propagation Based Analysis of Non-linear Debonding Effects in a Composite Structure
	Alternative Excitation and Data Analysis Techniques for Damage Detection in Metallic Plates
	Ringing Suppression for Ultrasonic Nondestructive Testing using Iterative Learning Control and H-infinity Synthesis
	An Integrated Ultrasonic Imaging Technique using Laser Scanning System
	An Approach on How to Determine Key Performance Indicators for Guided Wave Based SHM Systems Based on Numerical Simulation
	Wavelet Analysis of Diffuse Ultrasonic Waves for Damage Detection
	SHM using Guided Waves-Recent Activities and Advances in Germany
	Investigations on the Application of Actively and Passively Excited Guided Elastic Waves for the Monitoring of Fiber-reinforced Plastics
	Passive Tomography by Elastic Guided Wave for Corrosion Detection in Pipelines
	Model Assisted Probability of Detection for Guided Wave Imaging Structural Health Monitoring
	Guided Wave Tomography using Fiber Bragg Gratings
	Detection of Cracks in Turbine Blades with Nonlinear Ultrasonic Frequency Modulation
	Selective Actuation and Sensing of Antisymmetric Waves Using Shear-mode Piezoelectric Transducers
	Experimental Investigation of Crack Detection and Quantification Using PWAS Array
	Defect Sizing Using Convolution Neural Network Applied to Guided Wave Imaging
	Three-Dimensional Acoustic Wavenumber Spectroscopy for Structural Health Monitoring
	Effects of Homogenization and Quasi-Isotropy Assumptions on Guided Wave-Based Nondestructive Testing Method
	Bend Detection of Pipe Using Guided Waves
	Hybrid Modeling of Elastic Wave Propagation: Domain Coupling and Stability
	Evaluation of Disbonds by Diagnostic System Using Lamb Wave Sensor Network
	Frequency Mixing Response of Ultrasonic Guided Waves in Plate

	MODELLING, SIMULATION, AND DIGITAL TWINS
	Damage Localization Via Model Updating Using a Damage Distribution Function
	Integration of SHM and Digital Twin for the Fatigue Assessment of Naval Surface Ships
	On the Reliability of Finite Element Models for the Training of Machine Learning Algorithms for Damage Detection in Bridges
	Model Based Optimisation of Ultrasonic Corrosion Measurement
	A Novel Double Beam Element with Continuously Distributed Elastic Springs for Modelling De-bonds in Adhesively Bonded Joints
	Validation of Eddy Current Finite Element Scheme for Non-destructive Evaluation Problems Without Removing Coatings
	Intelligent Processes and Operational Monitoring of Composite Systems

	MULTIFUNCTIONAL MATERIALS AND STRUCTURES
	Developing Intelligent Structures and Devices Using Novel Smart Materials and Multi-Material Multi-Method (m4) 3D Printing
	A Flexible and Lightweight Impact Monitoring System with Ultra-low Power Consumption for Aircraft Smart Composite Skin

	PROGNOSTICS AND HEALTH MANAGEMENT
	Performance Comparison of Improved Particle Filters for On-line Fatigue Crack Prognosis
	A Novel Impedance-based Method for Structural Monitoring of Automotive Lithium-Ion Battery Packs
	Demonstration of Prognostics Health Monitoring (PHM) in Adhesive Lap Joints using Simulated Studies
	The Industry Internet of Things (IIoT) as a Methodology for Autonomous Diagnostics, Prognostics in Aerospace Structural Health Monitoring
	Health Prognostics of Lithium-ion Batteries and Battery-Integrated Structures
	Industrial IOT Enabled SHM Systems

	RELIABILITY, VERIFICATION AND VALIDATION
	Validating Accelerometers for Rotating Machinery in Structural Health Monitoring Applications
	Evaluation of Structural Health Monitoring Sensors During Fatigue Loading at Room Temperature
	Detection Sensitivity Analysis for a Potential Drop (PD) Structural Health Monitoring (SHM) System
	Generating Viable Data to Accurately Quantify the Performance of SHM Systems
	Long Term Strain Monitoring and Management System of Retrofitted Bridges
	Reliability of Lamb Wave SHM Systems: Influence of Hydrostatic Pressure, Mechanical Loading and Fatigue on the Value of a Damage Index
	Sensor Reliability in Extreme Environments for Asset Monitoring

	SENSORS NETWORKS
	A Large-scale and Lightweight Piezoelectric Sensor Network for Aircraft Smart Composite Skin
	Experimental Verification of the Local Damage Detection Method Based on Spatial-temporal Correlation in Dense Sensor Networks
	Materials Communicating with the BIM: Aims and First Results of the McBIM Project
	Shaping the Future of Structural Health Monitoring with IOT Sensors
	Phased and Synchronous Sampling Between Multiple Smart Network Sensors for Modal Assessment of Large Structures
	Learning Collaborative Duty Cycling Strategies in Energy-harvesting Sensor Networks
	Wirelessly Powered and Battery-Free LoRaWAN Wireless Sensing Nodes Designed for Communicating Reinforced Concrete
	Offset Tracking of Sensor Clock Using Kalman Filter for Wireless Network Synchronization

	SENSORS AND ACTUATORS
	Influence of Production and Environmental Parameters on the Behavior of Hybrid Piezo/Temperature Sensors for Production and Structural Health Monitoring of Composite Structures
	Mechanoluminescent-Perovskite Pressure Sensor for Structural Health Monitoring
	Development of a High Temperature Ultrasonic SHM System Using Glass Couplant
	Failure Monitoring of Bolted Joints by Using Eddy Current Array Sensing Film
	Evaluation of Commercially Available Sensors for Soil Stress Measurements
	A Thickness Monitoring Solution for Pipeline Integrity Management and Corrosion Detection
	Design of Embedded Wireless Sensors for Real-Time and In-Situ Strain Sensing of Fiber Reinforced Composites
	Soft Material Actuation and Shape-Change Through Ultrasonic Atomization
	Planar Array Capacitive Imaging for Characterizing Subsurface Composite Damage

	SHM-BASED STRUCTURAL DESIGN
	Fabrication Tolerance Study of Cold-formed Steel Members Based on Geometric Point Clouds of Laser Sensor
	An IoT Enabled Framework to Support the Structural Health Monitoring Applications
	Using Intelligent Software Agents to Monitor the Structural Health of Highway Bridges
	Control of the Building Parameters of Additively Manufactured Polymer Parts for More Effective Implementation of Structural Health Monitoring (SHM) Methods

	SIGNAL PROCESSING
	Non-Destructive Testing for Damage Detection in Composite Materials
	Towards On-Chip Measurement of S-Parameters for Ultrasonic Guided-Wave SHM: Damage Localization in Aluminum Using S-Parameter Measurements
	Nonlinear Component Extraction Using Singular Value Decomposition and Its Application to Breathing Crack Localization
	Variable Thickness in Plates: A Solution for SHM Based on the Topological Derivative
	UAS-Based 3D Reconstruction Imagery Error Analysis
	Spatial Resolution Improvement of Digital and Thermographic Imaging Using an Automatic and Controllable Super-resolution Technique
	Event-Based Phased Array Signal Processing
	MIMO Radar-based Real-Time Structural Health Monitoring
	Study of the Damage Detection Approaches for Additively Manufactured Parts
	Magnetorheological Fluid Device for Semi-Active Control of Hydraulic Damping
	Structural Damage Classification Using Machine Learning Algorithms and Performance Measures

	SPECIAL SESSION: A STATE-WIDE FOCUS ON SHM
	Intelligent Structures Using Textile Reinforced Concrete– Achievements and Challenges
	The Israeli Air Force Efforts in Implementing Fiber-Optic Nervous Systems in Composite Based Air Vehicles for Damage Estimation and Performance Analysis
	Highway to SHM: Elbit’s Fast Implementation of an On-board Monitoring System for Flying Platforms
	Experimental Tracking of Helicopter Rotor Blade Hidden Crack Development Using Fiber-Optic-Based Sensing Technology
	Choosing the Right Optical Fiber Coating to Meet Individual Fiber-Optic Strain Measurement Application
	Calibration of a Discrete and Distributed Fiber-Optic-Based Strain-Measuring Network for the Shape-Sensing of a Wing Model Under Dynamic Loading of a Wind Tunnel

	SPECIAL SESSION: ACOUSTIC EMISSION AND HYBRID SHM
	Filtering Analysis of Acoustic Emission Parameters for Damage Fracture Characterization of Reinforced Concrete Beam Subjected to Four-point Bending
	Lamb Wave-based Depth Characterization of Acoustic Emission Sources in Complex Metallic Plate-like Structures
	Clustering Acoustic Emission Time-series Using Unsupervised-shapelets
	Integration of Distributed Optical Fibres and Piezoelectric Sensors for SHM of Composite Tubes
	Acoustic Emission Signal of Composite Structure Decomposition by Empirical Wavelet Transform
	Structural Health Monitoring of Adhesively-Bonded Hybrid Joints by Acoustic Emission

	SPECIAL SESSION: ASSESSMENT OF THE VALUE OF SHM INFORMATION
	Quantifying the Benefit of Structural Health Monitoring: Can the Value of Information be Negative?
	Optimal Ultrasonic Sensor Configuration for Plate-Like Structures Using the Value of Information
	Optimal Decision Making for Cost-effective SHM Planning
	Optimal Maintenance Decision for Deteriorating Components in Miter Gates Using Markov Chain Prediction Model
	Decision Making Based on the Value of Information of Different Inspection Methods
	Measurement of Individual Risk Preference for Decision-Making in SHM
	Integrated Life-cycle Decision Framework for Structural Systems
	Quantification of the Posterior Utilities of SHM Campaigns on an Orthotropic Steel Bridge Deck
	A Co-Word Analysis of the Structural Health Monitoring Field
	Value of the SHM System in the Context of Risk-based Inspection Planning
	Method of Generating Economic Value from Navigation Lock Structural Health Information
	Practical Issues in Collecting and Evaluating Structural Health Issues on Bridges

	SPECIAL SESSION: DIAGNOSTICS AND PROGNOSTICS OF COMPOSITE STRUCTURES TOWARDS A CONDITION-BASED MAINTENANCE FRAMEWORK
	An Efficient Augmented Reality (AR) System for Enhanced Visual Inspection
	Dimension Reduction Algorithms in the Damage Indexes Space for Damage Size Quantification in Aeronautic Composite Structures
	Structural Health Monitoring for Aerospace Composite Structures
	Damage Diagnosis and Prognosis in a Composite Structure by Surrogate Modelling and Particle Filtering
	Upscaling the Data-driven Prognostic Methodologies Towards a Condition-based Structural Health Management of Composite Structures
	Delamination Detection Using Electrical Resistance Change Method and its Reliability
	Composite Material Remaining Useful Life Estimation Using an IoT-Compatible Probabilistic Modeling Framework
	Influence of Bending Loads on Ultrasonic Guided-Waves Based Structural Health Monitoring of Laminated Composite Structures

	SPECIAL SESSION: DIGITAL TWIN OF CIVIL INFRASTRUCTURE
	Incorporation of Cracks in Finite Element Modelling of Existing Concrete Structures
	A Digital Twin of Bridges for Structural Health Monitoring
	A Framework for Digital Twin of Civil Infrastructure— Challenges & Opportunities
	Digital Twin in Urban Energy Systems
	A UAV-Based Platform for Real-Time Damage and Defect Identification in Concrete Structures

	SPECIAL SESSION: DISTRIBUTED AND QUASI-DISTRIBUTED FIBER-OPTIC AND ELECTRICAL SENSORS AND ASSOCIATED DATA ANALYSIS AND MANAGEMENT
	Measurement Accuracy of Distributed Sensing Fibers Embedded Within Capillaries of Solid Structures
	Durability and Mechanical Properties of Optical Fiber Strain Sensing Cable for Structural Health Monitoring in Harsh Environment
	Large Area Electronics Based Sensing Sheet for Strain Monitoring and Damage Detection of Bridges
	Full-Length Tunnel Structural Monitoring
	In-situ Assessment of Curvature and Bending Characteristics Along Geotechnical Structures Using Distributed Fiber Optic Sensors
	Distributed Sensing to Assess Bond Degradation
	Durability of Distributed Optical Fiber Sensors Used for SHM of Reinforced Concrete Structures
	One Hundred Years of Strain Sensing in Civil Structural Health Monitoring

	SPECIAL SESSION: DYNAMIC DATA DRIVEN APPLICATIONS SYSTEMS
	High Accuracy Flight State Identification of a Self-Sensing Wing via Machine Learning Approaches
	Dynamic Data Driven Applications Systems (DDDAS) for Structural Awareness
	Rotating Machinery Prognostics via the Fusion of Particle Filter and Deep Learning
	Fleet Prognosis with Physics-informed Recurrent Neural Networks
	Towards Proving Runtime Properties of Data-Driven Systems Using Safety Envelopes
	Data-Driven Strategy for Energy-Efficient Structural Health Monitoring with Sparse/Delayed Signals
	Data-Driven Stochastic Identification of a UAV Under Varying Flight andStructural Health States

	SPECIAL SESSION: GUIDED WAVES IN STRUCTURES FOR SHM
	Application of Ultrasonic Guided Waves for Surface Roughness Measurement
	On the Quantification of Adhesive Layer Thickness Effect on PWAS Performance and Damage Detection Capability
	Health Monitoring of Composite Structures by Combining Ultrasonic Wave Data
	Model-based Ultrasonic Guided Wave Inspection to Identify and Attenuate the Effect of Environmental Temperature in Structural Health Monitoring
	Placement Optimization on Tubular Structures –Towards Application on Tubular Structures
	Baseline-free Method for Acousto-Ultrasonic On-Line-Monitoring of Cracks in Mechanically Loaded and Rotating Axles
	Investigation of Acoustoelastic Guided Waves Subjected to an Inhomogeneous Prestress
	Signal Domain Transform-based Damage Imaging for the Complicated Structures
	Ultrasonic Guided Wave Dataset for Super-Resolution Reconstruction of Images from Compressed Wavefield Acquisition
	Detection Sensitivity Analysis for a Guided Wave (GW) Structural Health Monitoring System
	Damage Detection in Integrated Circuit Packages Using Ultrasonic Guided Wave and Clustering Algorithm
	Numerical and Experimental Investigation of Multilayer Delamination Detection in Composites
	Parameterization of Spatial Ultrasonic Wavefront via Laser Ultrasonic Technique
	Structural Health Monitoring of Pipelines by Means of Helical Guided Ultrasonic Waves and an Algebraic Reconstruction Technique
	Development of a Guided Wave Experiment for the International Space Station
	Effect of Temperature on Time Reversibility of Lamb Wave in Thin Plates with Surface-Bonded Piezoelectric Wafers
	Application of the Scattering Analysis Method for Guided Waves Measured by Laser Scanning Vibrometry
	Multi-scale and Multi-physical-field Coupling Simulation on Detection Mechanism of Aggregates Segregation in CCFST using PZT Based Stress Wave Measurement
	SHM of Thin and Small Diameter Tubes Operating at High Temperature for Pitting Corrosion
	Damage Detection and Localization via Cross-Correlation on Metallic Panels Under Ambient Loading
	Algorithms for Guided Wave Detection of Corrosion in Ground Rods
	Data-Driven Temperature Compensation on Lamb Waves
	A Baseline-Free Fatigue Crack Detection Approach in Orthotropic Steel Deck Using Ultrasonic Guided Waves
	Modelling and Simulation of Ultrasonic Guided Waves Propagation in the Fluid-Composite Structure Interaction

	SPECIAL SESSION: HIGHER LEVEL INSPECTION BY INSTRUMENTING BRIDGES—IMPLEMENTING SHM INTO THE CODES
	Monitoring based Risk Assessment and Asset Management of Civil Infrastructures
	A Case for Adding an Inspection Level Related to SHM for Bridge Evaluation by CHBDC
	A Simple Low-Cost Solution for Bridge Scour Monitoring Using Photoelectric Sensors
	Structural Health Monitoring (SHM) Innovation or Novelty— The Move to Fleet Level SHM

	SPECIAL SESSION: HUMAN PERFORMANCE MONITORING
	From SHM to Health Monitoring: A Review of Monitoring Strategies for Medical Implants
	Wireless Electronic Tattoos
	Compressive Sensing Based Indoor Human Positioning Using A Single Thermopile Point Detector
	An Ultrasonic Stress Wave approach on Quantitative Osseointegration Assessment of a Novel Implant
	Physics-Guided Model Transfer for Human Gait Monitoring using Footstep-Induced Floor Vibration
	Vibration Source Separation for Multiple People Gait Monitoring Using Footstep-Induced Floor Vibrations
	Video Monitoring of Tourist Density in Cultural Heritage Sites
	Monitoring Pressure Distributions at Human-Socket Prostheses Interfaces Using Graphene-Fabric Sensors
	Stretchable Ultrasonic Transducer Arrays for Three-Dimensional Imaging on Complex Surfaces

	SPECIAL SESSION: HUMAN-MACHINE INTERFACES FOR STRUCTURAL INSPECTION
	Remote Sensing Using Augmented Reality and Low-Cost Sensors
	Unmanned Vehicles for Lightning Protection System Inspection and Maintenance
	Subsurface Infrastructure Asset Monitoring with Geophysical Sensors and Augmented Reality

	SPECIAL SESSION: INTEGRATION OF PHYSICAL MODELING MONITORING AND MACHINE LEARNING FOR SHM
	Automated Infrastructure Inspection Based on Digital Twins and Machine Learning
	SHM of Bridges by Improved Complete Ensemble Empirical Mode Decomposition with Adaptive Noise (ICEEMDAN) and Clustering
	A Kriging Surrogate Model for Structural Health Monitoring of Miter Gates in Navigation Locks
	A General Representation for Assessing the Similarity of Structures
	Grey-box Modelling for Structural Health Monitoring: Physical Constraints on Machine Learning Algorithms
	Machine Learning based Tensile Force Estimation for PSC Girder using Embedded EM Sensor
	On Current Trends in Forward Model-driven SHM
	Damage Identification of Sandwich Panel with Truss Core by Integrating Deep Learning Technique

	SPECIAL SESSION: MULTIFUNCTIONAL MATERIALS AND STRUCTURES
	Self-Sensing 3D Printed Repair for Concrete Substrates
	Topological Design and Characterization of Piezoresistive Nanocomposites
	Damage Detection Via Electrical Impedance Tomography in a Filament Wound Glass Fiber/Epoxy Composite Tube with Carbon Black Filler
	Sensing Capabilities of Carbon Nanotube Reinforced Adhesive Films in Joints with Dissimilar Materials: An Approach from Coupon to Sub-element Level
	Understanding Constitutive Relationship Between Mechanoluminescence of ZnS:Cu-PDMS and Strain
	Additively Manufactured Sensors for SHM of Composite Structures
	Tunable Hybrid Acoustic Metamaterials for Structural Health Monitoring

	SPECIAL SESSION: NONLINEAR ACOUSTIC AND ULTRASONIC TECHNIQUES FOR STRUCTURAL HEALTH MONITORING
	Feasibility of a New Nonlinear Ultrasonic Technique for Monitoring Damage in Composite Plates
	Third Harmonic Shear Horizontal Waves for Material Microstructural Degradation Monitoring
	Quantitative Characterization of Hypervelocity Debris Cloud- induced Pitting Damage in AL-Whipple Shields Using Nonlinear Ultrasonic Waves
	Dynamics-based Testing to Localize Macro Cracking Due to Alkali-Ailica Reaction in Concrete
	Implementation of Ultrasonic Coda Wave Interferometry on a Real Bridge
	Monitoring of Bonding Quality in CFRP Composite Laminates by Measurements of Local Vibration Nonlinearity
	Nonlinear Ultrasonic Wave Spectroscopy for Detecting Local Defect Resonance Frequency in Delaminated GLARE Plate
	Modeling and Experiments on Nonlinear Ultrasonic Guided Waves for Fatigue Crack Detection and Evaluation
	Thermal Wave Imaging for Defect Determination During Automated Fibre Placement

	SPECIAL SESSION: PROBABILISTIC SHM
	Ultrasonic Guided-Wave Based System Identification for Beams
	Assessing the Likelihood of Damage at the Start of a Structural Health Monitoring Campaign
	Experimental Validation of the Population-Form to Represent Nominally-Identical Systems
	Bayesian Damage Characterization Based on Perturbation Model Utilizing Responses at Vibration Nodes
	Output-only Identification of Loading and Modal Parameters in Dynamic Systems with Non-Gaussian Inputs
	On an Application of Probabilistic Risk Assessment to Structural Health Monitoring
	Bayesian Information Fusion for Fatigue Crack Growth Diagnosis using Ultrasonic Guided Wave Pitch-catch in a Piezoelectric Actuator-sensor Network
	Risk-Adaptive Maneuver for Maintenance-Free Operation
	Probabilistic Damage Quantification via the Integration of Non- parametric Time-Series and Gaussian Process Regression Models
	A Decision Support System for Scour Management of Road and Railway Bridges Based on Bayesian Networks

	SPECIAL SESSION: RECENT ADVANCES ON DATA PROCESSING TECHNIQUES FOR ULTRASONICS-BASED SHM
	Identification of Active and Passive Sources Using Elastic Waves and Computational Intelligence
	Intelligent Damage Detection of Composite Structure Based on Convolutional Neural Network and Wavelet Transform
	The Unidirectional Excitation of Guided Waves with an Increased Power Using Multiple Transducer Arrays in Pipelines for Structural Health Monitoring
	Location Specific Temperature Compensation of Guided Wave Signals Applied to Pipe Inspections
	Single Sensor Localization and Characterization of Acoustic Emission Sources in Metallic Panels: A Deep Learning Approach
	Spatial Integration of Baseline-free Damage Detection Algorithms Based on Dual-PZT for the Structural Health Monitoring of Anisotropic Composite Aeronautic Structures
	Entropy-Based Damage Evaluation of Composite Structure and Its Application to Structural Health Management
	Learning Guided Wave Dispersion Curves from Multi-Path Reflections with Compressive Sensing
	The Characterization of Weld Morphology Using Ultrasonics

	SPECIAL SESSION: SEISMIC STRUCTURAL HEALTH MONITORING FOR CIVIL STRUCTURES
	Nonlinear Seismic Response Reconstruction in Minimally Instrumented Buildings—Validation Using NEESWood Capstone Full-Scale Tests
	An Intelligent Wireless System for Real-time Seismic Monitoring of Civil Infrastructure
	Comparison of Indicators of Damage Location Based on Information Gain
	Estimating Damage Level in Reinforced Concrete Structures Based on the Detection of High-frequency Transients
	Seismic Monitoring of Cable-stayed Bridge Using Wireless Sensor Network
	A Non-parametric Approach Toward Structural Health Monitoring for Processing Big Data Collected from the Sensor Network
	Seismic and Structural Health Monitoring Systems for Large Concrete Dams
	Seismic Structural Health Monitoring of a Six-story Wooden Building
	Identification of Sparse Damage in Steel-Frame Buildings Using Dense Seismic Array Measurements
	Seismic Damage Identification for Bridges Based on Transmissibility Function and Support Vector Machine
	In Situ Distributed Strain Monitoring of a Small-Scale Reinforced Concrete Structure Using Combined FBG/OFDR Fiber Optics Sensing for Assessment of Its Seismic Degradation Mechanisms

	SPECIAL SESSION: SENSING TECHNOLOGIES FOR EVALUATION AND CHARACTERIZATION OF CONCRETE MATERIALS
	Recognition of the Distress in Concrete Pavement Using Deep Learning Based on GPR Image
	Monitoring Cracks with Nonlinear Coda Wave Interferometry (NCWI): Numerical and Experimental Results
	Prediction of Volumetric Strain in Concrete Due to ASR Reactions Using Acoustic Emission Technique and Artificial Neural Network
	Towards Embedded Fiber Optics for the Ultrasonic Monitoring of Concrete
	A New Thermal Integrity Method for Pile Anomaly Detection
	Ultrasonic-Acoustic Emission Hybrid System for Monitoring Concrete Structures Affected by Alkali-silica Reaction
	Fabrication of Self-Sensing Carbon Fiber Cementitious Composites: Best Practices
	Rapid Condition Evaluation of Concrete Pavement with Automated Acoustic Scanning System

	SPECIAL SESSION: SHM FOR HEAVY AND CRITICAL EQUIPMENTS
	Health State Estimation of Hydraulic System Based on Generalized Multiclass Support Vector Machine
	Development and Application of High Temperature Coke Drums Structure Health Monitoring System
	Application of Acoustic Emission Technology on SHM of Overhead Travelling Cranes and Portal Bridge Cranes
	Structural Health Monitoring and Safety Evaluation of Pressure Vessel by the Use of Acoustic Emission Technology
	Rolling Element Bearing Fault Diagnosis Using Compressed Sensing and Convolutional Neural Network
	Development of a Shipboard Wireless Monitoring System to Monitor Ship Crews during Extreme Blast Load Exposure

	SPECIAL SESSION: SHM TECHNOLOGY IN WIND TURBINES
	Monitoring of Wind Turbine Blades Using Radar Technology: Results from a Field Study at a 2MW Wind Turbine
	Structural Health Monitoring: A Review of Uncertainty Quantification Methods in Wind Turbine Systems
	Fibre Reinforced Polymer Structure Under Simultaneous Temperature and Humidity Influence—FBG Sensors Method
	Gaussian Processes for Structural Health Monitoring of Wind Turbine Blades
	Structural Strain Monitoring of a Composite Scaled Turbine Blade Using Embedded QRS Sensoring
	Structural Health Monitoring, SHM, as a Tool for Optimizing the Performance of a Wind Power Plant

	SPECIAL SESSION: STRETCHABLE SENSOR NETWORKS
	Flexible Electronics and Software for Stretchable Sensor Networks in Structural Health Monitoring
	Laser Cut and Chemical Release Screen Printing Approaches for Creating Substrate Sparse Sensor Networks
	Fabrication and Functionalization of Distributed and Stretchable Sensor Networks for Structural Health Monitoring
	A Robust Expansion Process Technology for Deployment of Stretchable Sensor Networks
	Design of Island-Bridge Layout Stretchable Electronics for High Spatial Accuracy Deployment

	SPECIAL SESSION: STRUCTURAL HEALTH MONITORING AND CONDITION-BASED MAINTENANCE OF HIGH-SPEED AND INTERCITY RAILWAYS
	Dynamic Characteristics of Vehicle-Track System Affected by Cement Asphalt Mortar Gap
	Propagation Characteristics of Ultrasonic Guided Waves in High-Speed Rails
	Using Solitary Waves to Monitor/Measure Axial Stress
	The Study of Running Stability of Piggyback Car Based on a FE-Rigid Coupled Model
	Monitoring-Assisted Derailment Prediction of a High-Speed Train Running on a Long-Span Cable-Stayed Bridge
	Variational Autoencoder-Based Approach for Rail Defect Identification
	An Inversed Greedy Method for Information-Based Optimal Sensor Placement on Bridges
	Acoustic Emission Feature Extraction and Classification for Rail Crack Monitoring
	Monitoring of Rail Bolted Joint Looseness with PZT Network- Based EMI Technique Under a Deep Learning Framework
	A Bayesian Probabilistic Approach for Damage Detection of a Population of Nominally Identical Structures: Application to Railway Wheel Condition Assessment
	The Application of Driving Recorder to Analyze the Rail Irregularity and the Vehicle Swing
	3D Displacement Monitoring of Railroad Bridges Using Unmanned Aerial Vehicles (UAVs)
	Preliminary Study on Assessing Delaminated Cracks in Cement Asphalt Mortar Layer of High-Speed Rail Track Using Normalized Impact-Echo Method
	Ultrasonic Identification of Rail Tracks from Natural Wheel Excitations: Potential for High-Speed and High-Redundancy Rail Inspection
	Real-time Object Detection Based on R-FCN Network Under Structured Scene of High-speed Railway
	Damage Assessment of High-Speed EMU Train Axles Via SHM Technology Based on PZT Sensor Networks
	Railway Safety Inspection Intervals Based on Damage Tolerance and Fracture Control Theory

	SPECIAL SESSION: THE IMPACT OF ENGINEERING INFORMATICS: THE LAW LEGACY IN THE FIELD OF STRUCTURAL HEALTH MONITORING
	A Support Vector Regression-based Approach Towards Decentralized Fault Diagnosis in Wireless Structural Health Monitoring Systems
	Validation of an Ultra-low-cost Wireless Structural Health Monitoring System for Civil Infrastructure
	Fire and Rescue Operations in Extreme Winds
	A Hybrid Architecture for Building Energy Optimization
	Sensing Social Systems: Towards a True Objective Resilience Framework
	Hierarchical Anomaly Detection Using a Multi-Output Gaussian Process
	Linkage Between a 3D Bridge Model and an IoT Information Model

	SPECIAL SESSION: USE OF OPTICAL MEMS/NEMS AND CNT SENSORS FOR STRUCTURAL HEALTH MONITORING SYSTEMS
	Investigation of FBG Sensor Performance in Detection of Delamination Damage in a Half-conical Shape Composite Component
	Maglev Obstacle Detection System Based on Laser Radar
	Study on Local Scouring Monitoring of Hangzhou Bay Bridge
	Fibridge: Embedded Fiber-optic Sensing for Low-cost, High Resolution Monitoring in Bridges and IoT-connected Systems

	SPECIAL SESSION: VISION-BASED STUDIES FOR SHM
	Applying Computer Vision Technology to Health Monitoring for Underground Structure in a Landslide Area
	An Attribute-based Few-shot Learning Framework for Structural Damage Classification
	Pixel-wise Crack Identification of Steel Box Girder by Fully Convolutional Network
	A Deep Learning Approach for Impact Diagnosis
	A DNN-based Civil Structure Semantic Segmentation and Motion Information Identification Algorithm
	Temporal Modeling of Point-cloud Evolution for Predictive Structural Assessments
	Monitoring Post-tensioned Miter Gate Diagonals Using Vision- based Vibration Measurements
	Dense 3D Displacement and Strain Measurement Framework of Miter Gates Using Computer Vision
	Deep Learning-based Damage Detection of Miter Gates Using Synthetic Imagery from Computer Graphics
	A Compressed Sensing Approach to Operational Modal Analysis Using Phase-Based Video Motion Magnification
	Computer Vision based In-plane Strain Field Monitoring for Identification of Local Damages in Structural Members
	A Topology-Aware 3D Reconstruction Algorithm for Long-Span Cable-Stayed Bridges
	System Identification of Large-Scale Bridge Model using Digital Image Correlation from Monochrome and Color Cameras
	Damage Visualization of Scattered Ultrasonic Wavefield via Integrated Highspeed Camera System
	Infrastructure Mapping and Inspection using Mobile Ground Robotics
	VR Based Strabismus Diagnosis using Image Processing
	Pop-outs Segmentation for Concrete Structure Prognosis Indices using UAV Monitoring and Per-pixel Prediction
	Vision-based Decision Support for Flood Risk Assessment Using Google Street View Images
	Real-time Video Crack Detection Based on Deep Learning for Autonomous Inspection of Nuclear Power Plant Reactors
	Computer-Vision Based UAV Inspection for Steel Bridge Connections
	Optimized and Tailorable Speckle Pattern Generation Approach for Digital Image Correlation Applications in SHM
	Pruning Deep Neural Networks for Efficient Edge Computing in Internet of Things: A Structural Health Monitoring Case Study
	Modal Imaging of Portsmouth, New Hampshire Bridge for Video- Based Structural Health Monitoring
	UAV-Based Non-Contact Fatigue Cracking Monitoring of Steel Structures

	STATISTICAL METHODS AND MACHINE LEARNING
	Hierarchical Fisher-information-matrix-based Clustering
	Reinforcement-learning-based Identification of the System for the Purpose of Structural Change Detection
	Dependence Quantification for Probability Density Functions of SHM Data
	Visual Analysis for PCA-based Skin-stringer Debonding of Composite Stiffened Panels
	Applying the Concept of Complexity to Structural Health Monitoring
	Deep Learning-based Data Anomaly Detection in Rail Track Inspection
	A Temperature-driven One-Class Support Vector Machine Method for Anomaly Detection
	Damage Classification Using Labelled and Unlabelled Measurements
	Damage Localization Using Pattern Recognition Techniques and Statistical Dissimilarity Analysis
	Autoencoder Networks for Unsupervised Feature Extraction of Acoustic Monitoring Signals
	Combining Edge and Cloud Computing for Monitoring a Fleet of Wind Turbine Drivetrains Using Combined Machine Learning Signal Processing Approaches
	Concrete Micro Crack Detection and Segmentation Using Adaptive U-Net
	On the Application of Domain Adaptation for Aiding Supervised SHM Methods
	Online Damage State Clustering of Cutting Tools Using Dirichlet Process Mixture Models
	A Deep Convolutional Neural Networks for Comprehensive Structural HealthMonitoring and Damage Detection
	SHM Based Damage Detection Using Cointegration and Linear Multivariate Data Analysis: Performance Comparison Based on a Real Case Study
	Learning Condition Indicators for Rolling Element Bearings via Deep Variational Autoencoding
	An Automated Non–Parametric Healthy Subspace Method for Unsupervised Robust Vibration–Based Damage Detection Under Uncertainty
	Deep Convolutional Neural Networks for Comprehensive Structural Health Monitoring and Damage Detection
	Unsupervised Damage Detection in Time Varying Environmental Conditions Using an Autoencoder and Support Vector Data Description
	Mode Separation of Complicated Guided Wave in Plate-Like Structures Based on Sparse Bayesian Learning Approach

	SYSTEM IDENTIFICATION AND STRUCTURAL DYNAMICS
	Methodology for Real-time State Estimation at Unobserved Locations for Structures Experiencing High-rate Dynamics
	High Resolution Bridge Mode Shape Identification via Matrix Completion Approach
	On the Potential of Dynamic Sub-structuring Methods for Model Updating
	Identification of Time-varying Structural Parameters by Integrated Wavelet Decomposition and Kalman Filter with Partial Response Measurements
	Operational Vision-Based Modal Identification of Structures: A Novel Framework
	An Improved Subspace Identification of a Nonlinear Soil- Structure System
	Vibration-based Damage Identification of Sandwich Panels with Truss Core

	SENDING, DIAGNOSTICS, AND QUANTIFICATION
	Damage Localization with SP2E Under Changing Conditions
	Reliability of Probability of Detection (POD) of Fatigue Cracks for Built-in Acousto-Ultrasound Technique as “in-situ” NDE
	Nonparametric Structural Mass and Hysteretic Behavior Simultaneous Identification Using Limited Acceleration Measurement
	Acoustic Emission Monitoring of Hydrogen Induced Cracking in Steel Structures
	Automatic Scanning System for Surface/Internal Crack Detection of Fiber Reinforced Concrete Pipe
	Online Structural State Assessment for Aerospace Capsule Structures Under an Adaptive Sensors Network
	Static Tactile Sensing for a Robotic Electronic Skin via an Electro-Mechanical Impedance Based Approach
	UAV Inspections of Metallic and Composite Aircraft Panels





