Preface

This proceedings is a collection of papers presented at the 9™ International Workshop
on Structural Health Monitoring (IWSHM) on September 10—12, 2013, detailing the most
recent technology development in the field of Structural Health Monitoring (SHM) from
around the world since 2011. 340 papers were selected and included in the proceedings
with applications expanding from traditional aerospace structures and civil infrastructure
to marine/offshore and wind power infrastructure, as well as structures in different plat-
forms. Significant progress since the last meeting, in 2011, is clearly noticeable, particu-
larly in the areas of quantification of SHM data through novel detection techniques, veri-
fication and validation of SHM systems using laboratory and field test data, new and in-
novative SHM/NDE techniques, and SHM system maturation for implementation.

It is also generally acknowledged that a clear advantage of SHM technology over tra-
ditional NDE methods is the closer interaction and automation of sensing, diagnostics
and mitigation/repair that SHM enables. As SHM is a system-level technology which in-
tegrates sensors/actuator networks with structures, software to interpret sensor signals,
and hardware to process and manage the signals, its maturity based on the complexity
and targeted solutions can be classified into four different sequential levels: detection,
identification, quantification, and decision. Detection is the lowest maturity level that the
technology can achieve. Once detection is confirmed with a high degree of confidence,
identification of the occurrence of the event in time and space domain is critical, which
then can potentially lead to the quantification of the event. A more accurate quantification
may lead to a better decision, which provides a much more efficient management solution
for the structures than traditional inspection techniques, leading to a system platform for
autonomous or intelligent structures.

Hence, the continuing development and maturation of SHM technology will lead to
the development of autonomous or intelligent structures. Therefore, the theme of the 9™
International Workshop on Structural Health Monitoring is “Roadmap for Intelligent
Structures”. The focus of 2013 IWSHM can be categorized into the following topics:

e Sensing:

o Smart sensors and innovative sensor network technology are presented in
special sessions.
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o Advanced signal processing methods for compensating environmental ef-
fects are emphasized and demonstrated.
o Sensing strategies for sensor network optimization and detection of dam-
age precursors are offered and presented.
e Diagnostics:
o A significant amount of efforts by the SHM community is centered on
quantification techniques and procedures for damage detection.
o More physics-based and statistics-based approaches for quantification are
integrated to offer new methods for SHM.
o More in-depth fundamental studies in various sensing principles are pre-
sented through modeling and analyses.
e System Integration:
o Increased emphasis on system validation and verification for implementa-
tion from aerospace and civil infrastructure communities.
o Extensive evaluation results from laboratories to field studies are present-
ed for maturation.
o Applications of SHM continue to expand into manufacturing, machining,
and wind turbines, and many other fields.
e Automation and Control
o Automation of data collection, processing and interpretation has been rec-
ognized from the community through numerous presentations.
o System integration with robots or machines for inspection or control
through sensing can be spotted in the several sessions.
o A growing interest is apparent from the community to integrate sensing,
diagnostics to close the loop through control for various applications.

The committee would like to extend special thanks to the special session organizers
whose contributions are listed below:

Impairment Detection G. T. Fry (Texas A&M U)

SHM Technology in Wind Turbines W. Ostachowicz (PAS)

Optical Sensing-based SHM N. Takeda ( U. of Tokyo)

Autonomous Sensing: Monitoring to Control M. D. Todd (UC San Diego)

Source Localization T. Kundu ( U. of Arizona)

POD and Reliability of SHM for Aerospace Structures | J.B. Ihn (Boeing)

SHM of Space Systems A. Zagrai (New Mexico Tech) &
L.Richards (NASA)

Next-Gen Sensing Systems for SHM Y. Wang (GIT) & K. Loh (UC
Davis)

Aerospace Structures: Standards and V&V H. Speckmann (Airbus)

Data Interpretation and Modeling for SHM H. Li (HIT)

Very Dense Arrays of Sensors B. Glisic (Princeton)

Guided Waves in Structures W. Ostachowicz (PAS)

Monitoring on Manufacturing M.-S. Tsai (NCCU,Taiwan)

Novel SHM/NDE Tech. S. Banerjee (U.S. Carolina)
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Statistical Methods for SHM D. Zonta (U. of Trento)
Sensing Strategy for Wave-Based SHM Z. Su (HKPU)

V& V/Standardization for Civil Infrastructures H. Wenzel (VCE)
SHM/NDE for Civil Infrastructures S. Salamone (U. of Buffalo)
SHM for Harsh Environments D. Senesky (Stanford U.)
Material State Awareness and Damage Precursors | A. Ghoshal (ARL)

This workshop is co-sponsored by the Air Force Office of Scientific Research (Les
Lee and David Stargel), the Army Research Laboratory, and the Office of Naval Re-
search (Ignacio Perez). Corporate sponsors are: Boeing, Airbus, and Embraer. The work-
shop could not have been successfully organized without the support of the international
organization committee, which includes the following members:
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G. Akhras, Royal Military College of Canada, Canada, (akhras@rmc.ca)
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F.-K. Chang (Organizer), Stanford University, USA, (fkchang@stanford.edu)

W. K. Chiu, Monash University, Australia, (wing.kong.chiu@monash.edu.au)

P. Foote, Cranfield University, UK, (p.d.foote@cranfield.ac.uk)

C.-P. Fritzen, University of Siegen, Germany, (fritzen@imr.mb.uni-siegen.de)

B. Glisic, Princeton University, (bglisic@princeton.edu)

A. Guemes (Co-Organizer), Universidad Politecnica de Madrid, Spain, (aguemes@dmpa.upm.es)
P. Hagedorn, TU Darmstadt, Germany, (peter.hagedorn@dyn.tu-darmstadt.de)

D. Inman, Virginia Tech, USA, (dinman@vt.edu)

S. Kapuria, India Institute of Technology, New Delhi, (kapuria@am.iitd.ac.in)

A. Kiremidjian, Stanford University, USA, (ask@stanford.edu)

T. Kundu, University of Arizona, USA, (tkundu@email.arizona.edu)

V.L. Cam, Laboratoire Central des Point et Chausses, France, (Vincent.le-cam@jicpc.fr)
H. Li, Harbin Institute of Technology, China, (lihui6848@sina.com)

C. Lopes, UNESP, Brazil, (Vicente@dem.feis.unesp.br)

J. Lynch, University of Michigan, USA, (jerlynch@umich.edu)

Y.Q. Ni, Hong Kong Polytechnic University, Hong Kong,(ceyqni@polyu.edu.hk)

W. Ostachowicz, Polish Academy of Sciences, Poland, (wieslaw@imppan.imp.gda.pl)
U. Peil, Technical University of Braunschweig, Germany, (u.peil@is.tu-braunschweig.de)
W. Staszewski, Sheffield University, UK, (w.j.staszewski@sheffield.ac.uk)

F. Lanza di Scalea, UC San Diego, USA, (flanza@ucsd.edu)

H. Sohn, KAIST, Korea, (hoonsohn@kaist.ac.kr)

N. Takeda, University of Tokyo, Japan, (takeda@compmat.rcast.u-tokyo.ac.jp)

M. Wang, Northeast University, USA, (mi.wang@neu.edu)

Z. (Sam) Wu, Dalian Institute of Technology, China, (wuzhanjun@gmail.com)

Z. Wu, Ibaraki University, Japan, (zswu@mx.ibaraki.ac.jp)

Industry

M. Buderath, Cassidian, Germany, (matthias.buderath@cassidian.com)

C. Carella, UTC Aerospace Systems, USA (Christopher.carella@utas.utc.com)
J. Lougheed, Lockheed Martin, USA, (joe.lougheed@lmco.com)

G. Gordon, Honeywell, USA, (grant.gordon@honeywell.com)

M. Hansen, Goodrich, USA, (matt.hansen@goodrich.com)

E. Haugse, Boeing Company, USA, (eric.d.haugse@boeing.com)

A. Kumar, Acellent Technologies, USA, (akumar@acellent.com)
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J. Pinsonnault, Bombardier, Canada, (Jerome.pinsonnault@aero.bombardier.com)
H. Speckmann, Airbus, Germany, (holger.speckmann(@airbus.com)

P. Anchieta da Silva, Embraer, Brazil, (anchieta@embraer.com.br)

H. Voges, Honeywell, USA, (hal.voges@honeywell.com)
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C. Boller, IZFP, Germany, (christian.boller@izfp.fraunhofer.de)

M. Derriso, Wright-Patterson Air Force Laboratories, USA, (mark.derriso@wpafb.af.mil)
C. Farrar, Los Alamos National Laboratory, USA, (farrar@lanl.gov)

S. Galea, DSTO Australia, Australia, (steve.galea@dsto.defence.gov.au)

B. Lamattina, Army Research Office, USA, (bruce.lamattina@us.army.mil)

N. Li, China Special Equipment Inspection and \Research Institute, China, (in_prc@yahoo.com.cn)
D. Le, US Army Research Laboratory, USA, (dy.le@us.army.mil)

B.L. Lee, Air Force Office of Scientific Research, USA, (byunglip.lee@afosr.af.mil)

W. Prosser, NASA-Langley, USA, (w.h.prosser@larc.nasa.gov)

L.R. Ross, NASA-Langley, USA, (Richard.w.ross@nasa.gov)

O. Venta, VTT, Finland, (olli.venta@vtt.fi)

D. Stargel, (david.starge/@afosr.af.mil)

The committee would also like to express its sincere appreciation for the dedication
and support of the workshop coordinators; Yu-Hung Li, Surajit Roy, Dr. Fotis Kop-
saftopoulos, Dr. Nathan Salowitz, Dr. Sang Jong Kim, Kuldeep Lonkar, Cecilia Larrosa,
Zhiqiang Guo, David Wang, Colleen Rosania, Yitao Zhuang, Hao Dong, Dan Oropeza,
Purim Ladpli, Rapha€l Nardari, Ateeq Suria, Prof. Yung H. Yu, Prof. Dong-Min Kim,
Prof. Clemens Westerkamp, Prof. Zhelong Wang, summer interns: Tim Gurshin, Zachary
Li, Z. Wang and many volunteers, as well as to Barbara Briscoe, Grace Fontanilla and
other staff members from the Department of Aeronautics and Astronautics for making
this workshop possible.
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