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********************************************************************************
Outline of the 4th WMRIF

May 22 (Sun): Welcome Reception

May 23 (Mon): Symposium on Materials Challenges for Safety and Reliability I,

WG meetings I

May 24 (Tue): Symposium on Materials Challenges for Safety and Reliability II,

WG meetings II

May 25 (Wed): Summit Meeting of the Directors, 4th General Assembly

May 26 (Thu): IMR lab tour and city tour

*********************************************************************************
May 22 (Sunday) 

18:30 
Welcome reception 

Beijing Hall, 3rd Floor of Kempinski Hotel

May 23 (Monday)
Symposium on Materials Challenges for Safety and Reliability (I)

Venue: Lecture Hall, IMR CAS

08:00
Transportation: Kempinski Hotel to Lecture Hall, IMR
08:30
Welcome Addresses 

Chairman; Prof. H. M. Cheng (IMR)

   Prof. R. Yang (IMR)

Greeting and Opening of the Symposium

Prof. T. Kishi (NIMS)

08:45-9:30 Plenary Talk I 
Chairman: Prof. T. Kishi
Prof. Dr.-Ing. D. Löhe (KIT)

9:30-10:00 (I) Time dependent properties for life cycle elongation at mixed loads
Chairman: K. T. Hong (KIST)
09:30
(I-1) Time Dependent Fracture and its Life Prediction Based on the Physics of Phenomenology

Prof. T. Yokobori Jr. (Tohoku University)

10:00- 10:30 (II) Reliability assessment of multi-length scale structural 
Components 
Chairman: Prof. Q. Feng (USTB)
10:00 
(II-1) Reliability assessment of multi-length scale structural components
Dr. R. McMeeking (UCSB)
10:30 
Coffee break and free discussion

11:00-12:00 (III) Failure analysis and prevention for safe operation
Chairman: Dr. E. Turunen (VTT)
11:00 
(III-1) Failure analysis.
Prof. (Emeritus) A.J. McEvily (University Connecticut)

11:30
(III-2) Understanding Fracture To Prevent Failure
Dr. J. Fekete (NIST)

12:00 
Group photo for symposium participants
Lunch and break

WG4 meeting with lunch (tentative topics) “1. Opportunity to arrange a meeting next year.　2. Technical need for interoperability of web-based databases (participation in VAMAS project).” organized by Dr. Graham Sims (NPL)
Venue: Room 1,3rd Floor, IMR Dining Hall
13:30-14:15
Plenary Talk II       Chair; Prof. T. Boellinghaus (BAM)
Biomedical titanium alloys for improved implant reliability and combatibility

Prof. R. Yang (IMR)

14:15-14:45 (IV) Environmental effects on life time
Chairman: Prof. C. K. Chung（MIRDC）
14:15
(IV-1) 
Atmospheric corrosion monitoring of carbon steel under tropical climate in Thailand
Prof. S. Nivitchanyong (MTEC)

14:45-15:45 (V) Lightweight composite materials and alloys
Chairman: Prof. D. Löhe (KIT)
14:45
(V-1) How carbon fiber reinforced polymers will challenge the construction of suspended bridges and contribute to their safety and long term reliability
Prof. Dr. U. Meier (EMPA)

15:15
 (V-2) Carbon Nanotube-Based Damage Sensing
Dr. A. Wu (University of Delaware)

15:45
 Coffee break 

Poster Session for the Symposium on Materials Challenges for Safety and Reliability 
(Paste time: 8:00am-3:30pm)
Venue: 1st Floor of R&D Center, IMR


18:00
Banquet
20:30
Transportation to Kempinski Hotel

May 24 (Tuesday) 

Symposium on Materials Challenges for Safety and Reliability (II)
Venue: Lecture Hall, IMR CAS
08:15
Transportation: Kempinski Hotel – Lecture Hall, IMR

08:45-9:30

Plenary Talk III           Chairman: Prof. K. Lu (IMR)
Advances in laser assisted 3D atom probe as a tool to develop advanced metallic materials
Dr. K. Hono (NIMS)

9:30-11:30 (VI) High temperature ceramic materials and intermetallics
Chairman: Prof. L. D. Chen (SIC)
09:30
(VI-1) Fabrication, microstructures, mechanical properties and high temperature performance of tungsten matrix composites reinforced by TiC and ZrC particles
Prof. Y. Zhou (Harbin Institute of Technology)

10:00
Coffee break and free discussion

10:30
(VI-2) High Temperature Materials Researches for Gas Turbines and Aero-engines at NIMS
Dr. H. Harada and Dr. Y. Gu (NIMS)

11:00
(VI-3) Design and Manufacture of Ceramic Safety Components


   Prof. W. Krenkel (University of Bayreuth)

11:30
Lunch and break 

WG3 meeting (tentative topics) “Future activities for the promotion of young scientists in MSE”, organized by Prof. Werasak Udomkichdecha (MTEC) and Prof. Thomas Boellinghaus (BAM)

Venue: Room 1, 3rd Floor, IMR Dining Hall
13:30-15:30
(VII) Surface protection of structural components
Chairman: Dr. C. Pruneda (LLNL)
13:30
(VII-1) Thermal Barrier Coatings: Life Prediction Based on Thermo-mechanical Fatigue Test and Interface Fracture Mechanics
Prof. Y. Kagawa (Univ. Tokyo, NIMS)

14:00
(VII-2) Surface protection of structural components (2)

   Dr. J. Farmer (LLNL)

14:30
(VII-3) Damage tolerant approach in development of protective thermally sprayed coatings
Dr. E. Turunen (VTT)

15:00
(VII-4) Surface protection by corrosion resistant or thermal barrier coatings

   Dr. A. Kranzmann (BAM)
15:30
Coffee break and free discussion

16:00-17:30 (VIII) Standardization issues for components and structures
Chairman: Dr. J. Fekete (NIST)
16:00

(VIII-1) Developments in composites testing and standardization regarding stress concentrations and damage features
Dr. G. Sims (NPL)
16:30 (VIII-2) Standardization on Mechanical Testing for Safety and Reliability of structures–Instrumented Indentation
Prof. D. Kwon (Seoul University)

17:00 (VIII-3) What is NCMS? – Meeting Assessment Challenges of Materials Performance and Safety 
Prof. D. Sun (NCMS@USTB)
17:30
Closing addresses 

   (Prof. Lu, Prof. Kishi, Prof. Böllinghaus)


18:00
Dinner

 
 WG Meetings with dinner


WG6 (tentative topic) “Information exchange among the MRIs in the fields of safety and reliability” <On-going activities, Future collaboration organized by Dr. E.Turunen, K.T. Hong, and Dr. J. Ramirez
Venue: Room 1, 3rd Floor, IMR Dining Hall

WG7 (tentative topic) “Result of survey on the on-going and future possibility of collaboration in materials modeling and simulation” organized by Dr. T. Sasaki, Dr. C. Mailhiot and Prof. T. Boellinghaus

Venue: Room 3, 3rd Floor, IMR Dining Hall
19:40
Transportation to Kempinski Hotel

Abstract and CV

Detlef Löhe (KIT)
Vice President Research and Information 
Karlsruhe Institute of Technology (KIT)
Kaiserstraße 12
76131 Karlsruhe
	23.09.1949
	born in Hennef/Sieg

marital status: married, 3 children

	1970 – 1975
	Study of mechanical engineering at the Universität Karlsruhe (TH)

	1976 – 1977
	Member of scientific staff at Institut für Werkstoffkunde I (IWK I), Universität Karlsruhe (TH)

	1980
	Doctor’s degree

	1981 - 1990
	Appointment as Akademischer Rat at IWK I and head of the working group „Microstructure and mechanical behaviour“ at IWK I

	1991 - 1994
	University professor (C3) for materials science at Universität-GH Paderborn

	since 1994
	Universitätsprofessor (Ordinarius) at the Institut für Werkstoffkunde I of Universität Karlsruhe (TH)

	1996 – 2000
	Speaker of the DFG-Graduate Research Center “Technical Ceramics” at Universität Karlsruhe (TH)

	1998 – 2000
	Dean of the Department of Mechanical Engineering, Universität Karlsruhe (TH)

	1998 – 2002
	Member of the Senate Council of the DFG for matters of collaborative research centers (SFB)

	2003 – 2006
	Speaker of the SFB 499 „Design, production and quality assurance of molded microparts constructed of metals and ceramics“

	2003 - 2009
	Member of the Senate of the DFG

	2004 - 2009 
	Member of the DFG-Senate Committee on Strategic Planning

	2005 - 2009
	Vice President for Research, Universität Karlsruhe (TH)

	Since 2006
	Member of the bmbf-discussion group for the concerns of the European Institute of Technology (EIT)

	2008 - 2009

since 2009


	Member of the executive board of the Research Center Karlsruhe (FZK)

Vice President for Research and Information, Karlsruhe Institute for Technology (KIT)


Member of the Kuratorium Fraunhofer IWM Freiburg

Member of the Kuratorium Fraunhofer ICT Berghausen (chair)

Member of the Beirat Stiftung Institut für Werkstofftechnik, Bremen

Member of the DFG nomination committee for the Gottfried Wilhelm Leibniz award

Time Dependent Fracture and its Life Prediction Based on the Physics of Phenomenology
Toshimitsu Yokobori,yokobori@md.mech.tohoku.ac.jp,Tohoku University

Ryuji Sugiura,sugiura@md.mech.tohoku.ac.jp,Tohoku University

Toshihito Ohmi,ohmi@md.mech.tohoku.ac.jp,Tohoku Universtiy
Abstract The equation of stress induced particle diffusion has been proposed as that based on physics of phenomenology, however, until now, detailed parts remain to be determined. In this paper, the concept of multiplication method1 and FEM-FDM analytical method were proposed to apply this equation to behaviors of hydrogen and vacancy diffusion. The effect of stress induced hydrogen and vacancy diffusion on hydrogen embrittlement and creep deformation and fracture were theoretically derived by this method. They were found to well predict experimental fracture life.
Reliability Assessment of Multi-Length Scale Structural Components
Robert M. McMeeking

Department of Mechanical Engineering, University of California, Santa Barbara CA 93106, USA

Materials Department, University of California, Santa Barbara CA 93106, USA

School of Engineering, University of Aberdeen, Aberdeen AB24 3UE, Scotland

INM – Leibniz Institute for New Materials, Campus D2 2, 66123 Saarbrücken, Germany  
Abstract Two examples are presented where reliability assessment of a component must be considered from a multi-length scale perspective. One case is a ceramic thermal barrier coating (TBC) on a Ni-based superalloy subject to particle impacts and foreign object damage. Columnar zirconia oxides are relied upon to protect critical hot-section rotating parts from extreme temperatures in modern aero-turbines.  Mechanical attack occurs in the form of impacts due to particulates ingested in the engine’s hot gas path, and engine designers are forced to assume TBCs subject to these impacts will immediately spall and provide no thermal protection. However, there exists both engine and experimental evidence suggesting variations in the TBC’s columnar microstructure can help in resisting such foreign object damage (FOD). The engine operating environment is extremely complex and difficult to accurately reproduce experimentally, so dynamic finite element modeling has been employed, as well as model experiments. Various figures of merit concerning simulated resistance to spallation have been explored, and validation has been obtained through experiments. The second example concerns engineered systems where thermal strains and stresses are limiting, and the ability to tailor the thermal expansion of the constituent materials independently from other properties is desirable. It is possible to combine two materials in such a way that the net coefficient of thermal expansion (CTE) of the structure is significantly different from the constituents, including the possibility of zero and negative thermal expansion. Bimaterial lattices that combine low, negative, or an otherwise tailored CTE with high stiffness, when carefully designed, have theoretical properties that are unmatched by other known material systems. Analytical models for the lattice’s CTE and stiffness are developed and compared successfully with numerical results. Reliability assessments are carried out in terms of lattice strength and cyclic loading.
Robert M. McMeeking (UCSB)
Robert M. McMeeking earned a B.Sc. (with 1st Class Honours) at the University of Glasgow, Scotland in 1972, finishing first in his class of mechanical engineers. In 1976 he completed his Ph.D. in solid mechanics at Brown University under the supervision of Professor James R. Rice. He was at Stanford University for 2 years as a post-doctoral associate, and then was appointed assistant professor at the University of Illinois at Urbana-Champaign, in the Theoretical and Applied Mechanics Department. McMeeking moved to UCSB in 1985 as Professor of Materials and of Mechanical Engineering. He was Chair of the Department of Mechanical Engineering at UCSB in 1992-1995 and again during 1999-2003. He has published over 230 scientific papers on such subjects as plasticity, fracture mechanics, computational methods, glaciology, tough ceramics, composite materials, materials processing, powder consolidation and sintering, ferroelectrics, structural evolution, nanotribology, actuating structures, blast and fragment protection of structures, fluid structure interactions arising from underwater blast waves, and the mechanics of the cell and its cytoskeleton.  In 1998 he was advanced to Fellow grade in the American Society of Mechanical Engineers and in 2002 was recognized by the Institute for Scientific Information as a Highly Cited Researcher in the fields of Materials Science and Engineering. McMeeking was elected to the National Academy of Engineering in 2005, and given the Brown Engineering Alumni Medal by Brown University in 2007. He is currently Editor of the Journal of Applied Mechanics for the term 2002-2012. In addition to his appointment at UCSB, Dr. McMeeking is Sixth Century Professor of Engineering Materials (Part-time) at the University of Aberdeen, Scotland, Visiting Professor of Materials Engineering at the University of the Saarland, Germany, and External Member of the Leibniz Institute for New Materials, Saarbruecken.
Failure Analysis
A.J. McEvily

Inst. Materials Science, University of Connecticut, Storrs, CT, USA
Abstract A number of case studies in Failure Analysis will be briefly presented to illustrate some of the causes of failure as in the case of the Comet aircraft crashes. In addition the following topics will be discussed: inspectability, improper repairs, and some of the shortcomings associated with inspection procedures. The latter include problems with: visual inspection, dye penetrant inspection, magnetic particle inspection, eddy current inspection, and ultrasonic inspection.
A.J. McEvily (University Connecticut)
Professor, Department of Metallurgy 

University of Connecticut, Storrs, CT 06269 

Tel: (860) 486-2941 

Fax: (860) 486-4745 

e-mail: mcevily@mail.ims.uconn.edu 
Education: B.S., M.S., D.Eng.Sc., Columbia University, NY, NY 

Experience
1949-61 Aeronautical Research Scientist, NASA 

1961-67 Research Scientist, Ford Motor Company 

1967- 92 Professor of Metallurgy, U. of Connecticut 

1992- Professor Emeritus, University of Connecticut 

Publications
Research Papers: Over 250 papers in the field of Fatigue and Fracture
Texts
1. Fracture of Structural Materials, 1967 , John Wiley and Sons, NY 

(with A. S. Tetelman) 

     2. Metal Failures: Mechanisms, Analysis, Prevention, 2002, John Wiley and 

Sons, NY
Awards
    Howe Medal, ASM, 1964; University of Connecticut Alumni Faculty Excellence
Award for Research, 1975; Fellow, American Society for Metals, 1982; Nadai
Award, ASME, 1983; Consulting Professor, Xian Jiaotong U., 1983; U. of CT,
 IMS Distinguished Lecturer, 1991; Honorary Member, Deutscher Verband für
 Materialforschung und-prüfing (DVM) 1992; Award of the Mechanics and
 Materials Division of the Japan Society of Mechanical Engineers, 1995; Fellow,
 American Society of Mechanical Engineers, 1995; Honorary Fellow and Life
 Member, International Fatigue Congress, 1996. Egleston Medal, Columbia
 University, 1996. Honored by TMS Symposium on Fatigue and Fracture, 2006.
Fellow, International Congress on Fracture, 2009. 

Visiting Professorships
        Stanford University, Kyoto University, Israel Institute of Technology, Xi'an
        Jiaotong University, University of Karlsruhe, University of Siegen, University of 
        Toyama, Kyushu University, Fukuoka University , Chulalongkorn University
Understanding Fracture To Prevent Failure – Research at the Materials Reliability Division, NIST
James R. Fekete, P.E.
National Institute of Standards and Technology
Boulder, CO
Abstract In general usage, fracture and failure are often used interchangeably, but have distinctly different meanings. While fracture can be an element of the failure of a component or system, the presence of a fracture doesn’t necessarily mean failure has occurred. However, when a component or system does fail by fracture, it is often a catastrophic event. Therefore, understanding fracture behavior in materials of construction is an important element of engineering design. Much of the research at the Materials Reliability Division at NIST is focused on understanding fracture behavior of materials in extreme and hostile environments. This presentation will cover several examples of why research into fracture behavior of materials is critically important, and how this research is advancing knowledge in the field.
James R. Fekete (NIST)
Dr. Fekete is Group Leader - Structural Materials, Materials Reliability Division, National Institute of Standards and Technology. In this position, he is responsible for research programs in Pipeline and Infrastructure Safety, Hydrogen Pipeline Safety, and Microsystems for Harsh Environment Testing.  In addition, his group is responsible for the Charpy Impact Verification Program which produces Standard Reference Materials for certification of Charpy impact machines to ASTM E23.  Prior to this appointment, he spent 15 years at the General Motors Company, ultimately achieving the position of Technical Fellow in the Vehicle Engineering Center.  His responsibilities included development of new sheet steel materials and related technologies for motor vehicle structural applications.  He joined GM after a series of technical and managerial positions in the steel industry. He holds a B.S. from Carnegie Mellon University, an M.S. from Case Western Reserve University and a Ph.D. from the University of Michigan, all in Metallurgical Engineering and Materials Science.  He is a member of SAE International, ASTM International, ASM International, and is a Licensed Professional Engineer in the State of Michigan.
Biomedical titanium alloys for improved implant reliability and combatibility
Rui Yang, Yulin Hao and Shujun Li
Institute of Metal Research, Chinese Academy of Sciences

72 Wenhua Road, Shenyang 110016, China

Abstract Biomedical implant materials must be very robust in terms of biomechanical properties in order to perform reliably for the remaining life of their carriers. Stress shielding, due to mismatch of elastic modulus between the natural and artificial bone, reduces bone stress in vivo following the introduction of the implant. The change in stress distribution in the affected bone causes bone loss. The solution is to reduce the elastic modulus of the implant alloys which normally is much higher than that of bone. On the other hand, high strength must be maintained for the reliable service of the implants. Elastic deformation tends to delay fatigue damage due to accumulated plastic strain and thus superelasticity is a desired property of implant materials subjected to fatigue loading condition. This talk will review the design, development and application of a superelastic, titanium alloy having low modulus but high strength, and examine the strategy we used to achieve the best balance of biomechanical properties.
Rui Yang (IMR)
Rui Yang obtained his first degree in Materials Science from Wuhan Institute of Hydraulic and Electric Engineering in China, and his PhD degree from the University of Cambridge in 1992. He is currently a deputy director of the Institute of Metal Research CAS in charge of research planning and management, especially in the R & D of engineering materials. Dr Yang’s personal research interest is in the field of titanium aluminides for aeroengine applications and biomedical titanium alloys for implant use.
Atmospheric Corrosion Monitoring of

Carbon Steel under Tropical Climate in Thailand
Wanida Pongsaksawad, Sikharin Sorachote, Ekkarut Viyanit, Siriluck Nivitchanyong*

National Metal and Materials Technology Center (MTEC),

Pathumthani 12120 THAILAND

Prasong Permsuwan1, Pakawat Sanchareon11,2,

1Sirindhorn International Institute of Technology, Thammasat University,

Pathumthani 12120 THAILAND

2Construction and Maintenance Technology Research Center,

Pathumthani 12120 THAILAND

Tadashi Shinohara

National Institute for Materials Science,(NIMS)

Ibaraki 305-0047 JAPAN

*Corresponding author: Tel. +66-2-564-6359, Fax. +66-2-564-6503

Email address: siriluck@mtec.or.th
Abstract This work combines two collaborative projects: one between National Metal and Materials Technology Center (MTEC, Thailand) and National Institute for Materials Science (NIMS, Japan), and another between MTEC-Construction and Maintenance Technology Research Center, and Electricity Generating Authority of Thailand. Thailand is in a tropical climate region with high temperature, high humidity, and monsoon influence. Atmospheric exposure tests for structural steel (JIS SM400) have been carried out at five exposure sites: suburban, urban, airport, marine (June 2007 – May 2009), and off-shore marine environment (January 2010 – September 2010). Atmospheric Corrosion Monitoring (ACM) sensors of Fe-Ag galvanic couple developed by NIMS were exposed along with the coupons to evaluate the corrosivity at each site. Results of monthly exposure from June 2007 to September 2010 show that outdoor environments are generally more corrosive than sheltered conditions. It is implied that both time of wetness and direct precipitation have strong influence on corrosion rate. Correlation between ACM sensor output and weight loss was found at suburban, urban, airport, and offshore marine environment. From these results, it is shown that the ACM Fe-Ag type can be applied at those locations to predict the corrosion rate of structural steel in Thai tropical climate.

Prof. Siriluck Nivitchanyong (MTEC) 
• Deputy Executive Director, National Metal and Materials Technology Center (MTEC),

NSTDA, 2010 – Present

• President of Thai Corrosion of Metals and Materials Association, 2010 – Present

• Assistant Director, National Metal and Materials Technology Center, 2004-2009

• Senior Expert in Corrosion technology & Failure Analysis Lab., MTEC, 2004- Present

• Director of Alternative Energy Program, NSTDA, 2004-2009

• Senior Expert in Corrosion Technology, TFII, KMUTNB, 2001-2003

• Deputy Dean, Faculty of Applied Science, KMUTNB, 2001-2002

• Associate Professor, Department of Industrial Chemistry, KMUTNB, 2000- Present

• Visiting researcher under research collaboration on Electrochemical Corrosion Testing of

Implant Device, Georgia Institute of Technology, Atlanta, USA, 1999

• Deputy Director, Thai-French Innovation Institute (TFII), KMUTNB, 1998-2002

• Visiting researcher at Electrochemical Technique for Corrosion Testing & Stainless Steels,

Institut National Polytechnique de Grenoble (INPG), France ,1997-1998

• Chair of Corrosion Technology Division, TFII, KMUTNB, 1996-1998

• Visiting researcher at Electrochemical Technique for Corrosion & Corrosion Resistant

Testing, Stainless Steels, Ugine Research Center (URC), France, 1996-1997

• Visiting Scientist, Corrosion Technology Division, University of Technology de

Compienge (UTC), France, 1995

• Deputy Dean, Faculty of Technical Education & Science, KMUTNB, 1986-1990

• Chair of Industrial Chemistry Department, KMUTNB, 1983-1986

• Assistant Professor of Industrial Chemistry, KMUTNB, 1982-2000

• Summer Research Scientist, Surface Treatment Department, VolvoAB Research Center,

Sweden, 1982
How carbon fiber reinforced polymers will challenge the construction of suspended bridges and contribute to their safety and long term reliability

Urs Meier
EMPA, Swiss Federal Laboratories for Materials Science and Technology, Dübendorf, Switzerland
( Ueberlandstrasse 129, CH 8600 Dübendorf, Switzerland

urs.meier@empa.ch
Abstract During the past thirty years, the bridge engineering community has experienced more and more damage on stay- and hanger-cables made of steel. Those are suffering due to increased corrosion and fatigue loading. Within the last years corrosion damage was also discovered on large main cables of suspension bridges. Most bridge engineers agree that the corrosion and fatigue resistance of cables for suspended structures have to be enhanced.
EMPA, the Swiss Federal Laboratories for Materials Science and Technology have been developing carbon fiber reinforced polymer (CFRP) parallel wire bundles as cables for suspended structures. The excellent properties of those bundles include corrosion resistance, very high specific strength and stiffness, superior equivalent moduli and outstanding fatigue behavior. An anchoring scheme produced with gradient materials based upon ceramics and epoxy is described. For the first time large CFPR cables were applied in 1996 on the vehicular cable-stayed Stork Bridge with 124 meter span in Winterthur. Each cable is having a load carrying capacity of 12 MN. 1998 more applications were following. The performance of these cables was and still is monitored with sophisticated integrated fiber optical monitoring systems. Up to date these results are fully matching the high expectations.
For lower load carrying capacities up to 3 MN which is in the typical range for hanger cables of suspension bridges, a novel load transfer concept for pin loaded carbon fiber tendons has been introduced. Such units are best suited for the replacement of corroded hanger cables made of steel.

The brittle behavior of carbon fibers and the implications of this on the safety of CFRP tendons and the long term reliability are as well discussed as the new opportunities for very long span bridges.
Urs Meier (EMPA) 
Meier was from 1989 until 2001 Executive Director of Empa, the Swiss Federal Laboratories for Materials Science and Technology in Dubendorf-Zurich and from 1989 until 2008 a Professor of Civil and Materials Engineering, at the ETH, the Swiss Federal Institute of Technology in Zurich. He was President of COBRAE, the Composite Bridge Alliance Europe and one of the few key persons to initiate interest in the uses of advanced fibrous composite materials for civil engineering structures throughout the world.

Meier is the author or co-author of approximately 300 publications and recipient of many international awards and honors. He is also inventor of five worldwide recognized patents within the field of the applications of advanced composite materials in structural engineering.
Advanced Fiber Composites: Carbon Nanotube-Based Damage Sensing
Amanda S. Wu, Erik T. Thostenson and Tsu-Wei Chou*

Center for Composite Materials and Department of Mechanical Engineering

University of Delaware, 126 Spencer Laboratory, Newark, DE  19716

*Corresponding Author, e-mail: chou@udel.edu, fax: +1 302 831 3619
Abstract Failure prediction in advanced materials is challenging, yet critical, to their successful integration into high-performance structures. In fiber reinforced composites, the onset of failure due to matrix cracking and interphase debonding often occurs without a significant decrease in load-carrying capability and can be difficult to detect mechanically. This phenomenon has prompted many studies into alternative methods for health monitoring in composite structures.

Nondestructive damage sensing approaches can be categorized as either off-line, meaning that a composite part must be taken out of service, or real-time. The former methods often require comparison with some undamaged or untested state and include both imaging techniques (e.g., ultrasonic C-scanning, X-ray microtomography and liquid penetrant) and material property quantification (e.g., acoustics and electrical resistance) while the latter measure material changes in situ (e.g., time-domain reflectometry, acoustic emission and electrical resistance measurements). While there are advantages to each method, dependent upon the composite application, the electrical resistance-based damage sensing approach holds particular interest as it allows for both off-line and real-time health monitoring.

Carbon nanotubes are recognized for their large aspect ratios, high strength, stiffness and conductivity. These unique properties enable electrical percolation to occur in carbon nanotube-based composites at < 0.1 wt% nanotube content. Under applied strain, the carbon nanotube network deforms with the composite matrix, resulting in a piezoresistive effect. These carbon nanotube networks are capable of sensing not only strain but also the onset and propagation of damage in fiber composites. The conductive modification of composites using carbon nanotubes and their electrical response to different loading scenarios will be the focus of this presentation.
Amanda Wu (University of Delaware)
Dr. Wu is currently a Research Associate in the Center for Composite Materials at the University of Delaware. Her research focuses on the functionalization of reinforced composite materials and her interests are three-fold: (1) to expand current carbon nanotube-based damage sensing capabilities to composites with advanced, three-dimensional architectures, (2) to incorporate autonomous healing into these materials and (3) to develop a practical means of sensing healing in carbon nanotube-based composites. Dr. Wu is particularly interested in the high strain rate response of advanced composites and is currently working to utilize resistance-based damage sensing approaches to study the dynamic behavior of these materials. Dr. Wu’s dissertation research titled “Implementing the split-Hopkinson pressure bar technique for complex fluid evaluation” describes her previous research into the experimental characterization and analytical modeling of the dynamic mechanical behavior of hard-sphere colloidal suspensions.
During her career, Dr. Wu has received first place awards in student symposia held by the Society for the Advancement of Materials and Process Engineering and the Society for Experimental Mechanics. In addition to this, Dr. Wu is a recipient of the 2008 American Society for Composites Ph.D. Scholarship Award and the 2010 Center for Composite Materials R. L. McCullough Scholars Award.
Advances in laser assisted 3D atom probe as a tool to develop advanced metallic materials
Kazuhiro Hono

National Institute for Materials Science
1-2-1 Sengen, Tsukuba, 305-0047, Japan

kazuhiro.hono@nims.go.jp
Abstract A recent research trend in the materials community is to refine the structure scale from the conventional micron order to the nano dimension. This size reduction gives substantial influence on dislocation activities and magnetic domain displacements, leading to various unique mechanical and magnetic properties. Therefore the role of nanostructure characterizations of materials has become critical for the development of advanced materials. Among various techniques, atom probe tomography is gaining increasing interest because of its unique capability of visualizing atoms in the subnanometer dimension. In this talk, I will update recent advances in laser assisted 3D atom probe, which broadened the application areas of the 3DAP technique to semiconductor and ceramics.
This new technique has been applied to the detailed interfacial characterization Nd-Fe-B permanent magnets, by which we obtained specific ideas to improve the coercivity. We will also mention the importance of nanostructure control in developing high strength wrought magnesium alloys. We found microalloying of Mg-Zn, Mg-Zn-Al, Mg-Ca, Mg-Sn alloys results in substantial enhancement of age hardening responses due to the formation of metastable coherent nanosized precipitates, and this phenomena have been applied to the development of heat treatable high strength magnesium alloys. These examples demostrates the importance of nanostructure control to attain higher performaces from the existing materials.
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Fabrication, microstructures, mechanical properties and high temperature performance of tungsten matrix composites reinforced by TiC and ZrC particles
Yu Zhou, Yujin Wang, Guiming Song and Taiquan Zhang
Institute for advanced Ceramics,School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001,China

Abstract This paper summarized the research results of refractory metal carbides reinforced tungsten matrix composites investigated by our group in Institute for Advanced Ceramics, Harbin Institute of Technology in the last decade. The two kind of TiCP/W and ZrCp/W composites were prepared by vacuum hot-pressing. The microstructure, and properties, such as room and elevated temperature mechanical properties, thermo-physical properties, thermal shock and ablation resistance of the composites were studied in details. The thermodynamic and chemical consistency between different phases is excellent in the composites. In TiCp/W and ZrCP/W composites, W atoms diffused into the lattice of TiC or ZrC during the sintering process, forming (Ti,W)C and (Zr,W)C solid solution, respectively, which increases the bonding strength of interface and promotes the densification of composites. The incorporation of carbide particles inhabited the grains growth of W matrix and obviously improved the mechanical properties, thermo physical properties and ablation resistance of the composites. The ZrC particles can strongly inhabite the plastic deformation of tungsten matrix at high temperatures. The coordinated deformation of ZrC particles over 1200℃ was found in the ZrCp/W composites. The deformation mechanism of ZrCp/W composite is dynamic recovery in tungsten-matrix at temperatures below 1500ºC, as well as dynamic recrystallization at 1600ºC. High temperature strengthening mechanisms in ZrCp/W composites mainly consist of fine grain strengthening, interface strengthening, geometrically necessary dislocations strengthening, and loading transition strengthening. The tungsten matrix composites have been used extensively as holding devices and anvils of high temperature equipment, even showing great potential applications in the airspace area. 

Key words: tungsten matrix composites; microstructures; mechanical properties, thermo physical properties, thermal shock and ablation resistance, applications
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High Temperature Materials Researches 
for Gas Turbines and Aero-engines at NIMS
Hiroshi Harada and Yuefeng Gu
High Temperature Materials Unit 

National Institute for Materials Science (NIMS)

1-2-1 Sengen, Tsukuba, Ibaraki 305-0047,

Japan
Abstract In order to achieve the Japanese Government target for CO2 emission reduction, that is, 25% reduction by the year 2020 from the emission level in 1990, the thermal efficiency improvement in fossil power plants has become a major issue. In High Temperature Materials 21 Project at NIMS (Phase 2: April 2006 - March 2011), under collaboration with Mitsubishi Heavy Industries, for example, we have developed turbine blade alloys for a 1700(C ultra-efficient gas turbine being designed for 56-60% (HHV) thermal efficiency combined-cycle power plants and advanced aero-engines.
The target temperature capability for the blade alloy was set at 1100(C for 1000h creep rupture life under 137MPa, which was 65(C higher than CMSX-4. 5th generation single crystal (SC) superalloys, containing Re and Ru, with temperature capabilities beyond 1100(C have been successfully developed. A control of the coherent interfacial dislocation network structure was found to be the key to achieve such high creep strengths. Taking into account the alloy initial cost, also developed a higher cost-performance SC superalloy. Evaluation of the developed alloys has been conducted in terms of creep, thermo-mechanical fatigue, burner rig oxidation, and so on. Development work for new coating systems, i.e., EQ (equilibrium) coating for TBC systems, and Ni-Co base turbine disc superalloys has also been conducted in the Project; the latest accomplishments of the work will also be introduced. Possible applications of the developed materials to advanced civil aeroengines will also be described in the context of CO2 emission and fuel cost reduction.
Horoshi Harada and Yuefeng GU (NIMS) 
Dr. Hiroshi Harada received his M.E. and Ph.D. degrees in 1975 and 1989 in Materials Science in Wasada University. His main research interests focus on developing materials for land-base and aero-space engines. He has over 40 patents, over 200 papers and gets a lot of great prize for his research, such as prizes for achievement from Japan Metal Society and from Minister of Education, Culture, Sports, Science and Technology, and Charles Hatchett Award from the Institute Materials, Minerals and Mining (UK).
Dr. Yuefeng Gu is currently a Senior Researcher and Group Leader in High Performance Alloys Group, High Temperature Materials Unit, National Institute for Materials Science (NIMS) at Tsukuba in Japan. His research interests focus on developing and characterizing the materials for high-temperature applications. He is the author of over 30 patents awarded/pending and over 70 journal papers. He received his B.S. and M.S. degrees in 1985 and 1988 in physics from the Northeastern University (China) and Ph.D. degree in Materials Science from Shanghai Jiao Tong University in 1994.
Design and Manufacture of Ceramic Safety Components

Walter Krenkel

Ceramic Materials Engineering, University of Bayreuth, Germany

Abstract The reinforcement of ceramics with short or continuous fibers is the most promising way to overcome the inherent brittleness of ceramic materials. This type of Ceramic Matrix Composites (CMCs) offers the potential for non-brittle structural materials in many high temperature applications. Originally developed for space applications, different manufacture processes have reached a high maturity and reproducibility, a prerequisite for their use in thermally as well as mechanically loaded structures of high safety and reliability aspects. With respect to costs, preforms based on carbon fibers and matrices formed by the carbide reaction between liquid metals and a carbon matrix show the biggest potential for structural applications, in particular if large and complex shaped parts are considered. By these reactive melt infiltration processes dense preforms of fibers, a temporary carbonaceous polymer binder system and optional particles acting as a passive filler are made in a first step. During the subsequent heat treatment in an inert atmosphere the binder system is converted to amorphous carbon resulting in a micro-cracked matrix of high open porosity. The infiltration of metallic alloys of low viscosity and high reactivity within this connected system of pores and microcracks allows a fast filling of the preform, in conjunction with a diffusion-controlled carbide formation. The most commonly used material system is the infiltration of pure silicon or silicon alloys into carbon/carbon fiber preforms.

The resulting properties of the composites are dominated by the interphase between fibers and matrix and can be adapted by fiber coatings or interfaces of high porosity. The Liquid Silicon Infiltration Process (LSI) allows a high degree of matrix modifications under consideration of fiber related design and manufacture aspects. Besides aerospace applications like thermal protection systems (TPS), nozzles or jet vanes of rocket motors, CMC materials are now more and more used in safety components of terrestrial applications like brake disks and pads and parts of the hot gas areas of engines.  Due to the inherent thermal mismatch between the ceramic composites and metals the reliable and detachable integration of ceramic components in metallic systems is a challenging task for the designers, especially for long-term applications in the combustion environment or in lifetime brake systems.

This paper shows successful examples of metallic-ceramic hybrid construction and describes the relationship between fiber preform treatment, matrix formation and properties of the resulting CMC materials. Non-destructive evaluation methods like computer tomography are used to get knowledge about the pore and crack formation over the different steps of the manufacture process. Also, these NDE methods are powerful tools in order to establish a lifetime prediction of those ceramic parts in particular with respect to their reliability. New design approaches are described for hybrid construction, based on the separation of functions between the plastic behaviour of metals and the anisotropic behaviour of ceramic composites.

Walter Krenkel (University of Bayreuth)
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Thermal Barrier Coatings: Life Prediction Based on Thermo-mechanical Fatigue Test and Interface Fracture Mechanics
Yutaka Kagawa

National Institute for Materials Research and The University of Tokyo
Abstract Electron beam physical vapor deposition (EB-PVD) thermal barrier coatings (TBCs) are used in the hot section of aircraft engine turbines to enhance its efficiency and lifetime.  The durability of TBCs employed in most turbine engines is limited by delamination of TBC layer from a turbine bade substrate, and coating durability depends on the interplay between the crack driving forces and the resistance to crack propagation along the relevant interfaces.  Prediction of the delamination event using fracture mechanics needs delamination toughness, size/shape of the delaminated area, and stress/strain condition of the turbine brads.  Experimental techniques for evaluation of interfacial delamination toughness and non-destructive evaluation method for detection of the location/shape/size of the delamination have been developed.  A new type of thermo-mechanical fatigue test method is also developed to introduce well-identified damage for TBC layer, interface, bond coat layer, and substrate.  These set of techniques have been applied to predict onset of the unstable delamination in Y2O3-ZrO2 EB-PVD and Y2O3-ZrO2 air plasma-splayed (APS) TBCs.  The application procedure of interface fracture mechanics for safe operation is discussed based on some experimental results.
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Damage tolerant approach in development of protective thermally sprayed coatings
Erja Turunen, Kenneth Holmberg, Tommi Varis, Maria Oksa
Abstract Thermal spraying is a general term to describe all methods in which the coating is formed from melted or semi-melted droplets. It is an effective and low cost method to apply thick coatings to change surface properties of the component. Coatings are often used in a wide range of applications where improved surface performance is required.

Thermal spraying is a very complex process, which has a large variety of variables affecting the deposit formation and coating properties. In order to produce damage tolerant coatings this very complex process needs to be understand and control well enough.  Starting material, spray process and particle–substrate interactions all affect the formation of coating with different microstructure and hence the coating properties and eventually the coating performance.

In this paper novel methods and tools for controlling the spray process are presented and their use in optimizing the coating process, coating performance as well as coating production costs is discussed. As a part of this complex world, VTT has taken a pioneering role in developing a novel concept for the development of wear resistant materials. The novel PPSP method (Performance-Properties-Structure-Processing) is a systematic approach starting from product lifetime and reliability requirements, transferred to requirements in terms of wear performance. The wear rate of the defined contact system is directly influenced by the material properties of the surfaces which are determined by the microstructure of the materials. The microstructure again is a result of the material processing which includes a large variety of influencing parameters. Within this approach a complex multi-variable thermal spray process has been simplified and logical cause and effect interactions demonstrated.

Few case studies are presented related development of protective coating for demanding applications in the frame of PPSP including tailoring of the coating composition as well as modelling assisted approach. Also a look for a damage tolerant approach including reliability and reproducibility aspects of thermal spray coatings is given. 
Erja Turunen (VTT)  
Dr. Erja Turunen is currently working as Vice president for Strategic research, Applied Materials at VTT Technical Research Centre of Finland. VTT has 2800 specialists being the biggest research centre in Nordic countries, and one of the biggest in Europe.

Erja’s scientific background is in thermal spraying and powder material development based on the metallics, ceramics and combination of those. Research related with the nanostructured material development for harsh conditions is the area where Erja Turunen has been worked actively with national and international scientific and industrial community for last 20 years. She has more than 70 scientific publications. Since 2009 she is also having Adjunct Professor position at Stony Brook University, USA.
Surface protection by corrosion resistant or thermal barrier coatings
Wencke Schulz, Marianne Nofz, Axel Kranzmann

BAM Federal Institute for Materials Research and Testing,

Berlin, Germany
Abstract Modern Materials are used near their stability limits. Some materials with special functions such as steels or Ni-base materials do not offer sufficient corrosion stability to withstand the aimed working condition. In any case the surface is the interface of a component to the environment. This can be an atmosphere, a liquid or in case of an internal surface also a solid-solid contact. In this presentation the interaction between a high temperature atmosphere and a coating applied on a structural material surface will be discussed. Different alternatives might be thermal barrier coatings and corrosion resistant coatings or combination of both. The function and design of ceramic and metallic coatings will be discussed due to their corrosion resistance under working conditions such as gas and coal combustion. Examples are protective bond coating placed between Yttria based thermal barrier coatings and Ni-alloys, the thermal barrier coating and alumina coatings on steel. 
The difference is the upper limit of temperature between the two examples. An alumina coating can be used up to 1300 °C or even higher. Metallic coatings in contact with corrosive atmospheres are typically limited below 1000 °C if long lifetimes are expected. Aiming a long lifetime at high working temperatures ceramic coatings offer high potentials. But the process technology for dense ceramic layers is still not sufficiently developed. 
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Standardization on Mechanical Testing for Safety and Reliability of Structures – Instrumented Indentation
Young-Cheon Kim, Seung-Kyun Kang, Hee-Jun Ahn, Dongil Kwon*
Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, Korea (*corresponding authors: dongilk@snu.ac.kr)
Abstract The safety and reliability assessment of industrial structures like plants and factories has been studied by many researchers, since the unexpected failure of such operating components can cause enormous losses. The mechanical properties and stress state of these structures are the basic parameters in evaluating their safety and reliability. Conventional techniques for determining these parameters entail time-consuming procedures and destructive sample preparation, and because of these limitations, they cannot be used in in-field applications.
Recently, instrumented indentation tests (IIT) have become widely used for determining the tensile properties and residual stress of structural components. Since IIT makes an indent with rigid indenter and detects load and depth continuously, it requires only a localized surface on the target material. The experimental procedure is thus significantly simpler than conventional methods of evaluating mechanical properties; in addition, it can be applied to operating structures nondestructively.
We introduce principles for evaluating tensile properties and residual stress with IIT and describe their on-site application for various kinds of industrial components. We also present international standards based on current research. Procedures for evaluation of tensile properties and residual stress using IIT were published in 2008 as ISO/TR 29381, and IIT applications are being discussed (ASME working item) for verification of weldments in structural components.
Dong-Il Kwon (Soul Univ)
Dongil Kwon holds his B.S. (1979) and M.S. (1981) from Seoul National University, Korea and his Ph.D. (1987) from Brown University, U.S.A in 1987. He has been a Professor at Seoul National University (1994-). He served as Policy Advisor to the Korean Minister Ministry of Education, Science and Technology from 2008 to 2009, and in 2011 became Chairman of the Professional Committee for Green Resources, National Science & Technology Commission of Korea. 
Professor Kwon has long been interested in the evaluation of mechanical properties using instrumented indentation tests (IIT). He has made significant contributions to this research field and to reliability assessment using IIT as Vice President of the Korean Reliability Society, and he is also Chairman of Association for Failure Prevention Technology. In 2008, procedures for using IIT to determine indentation tensile properties were published as ISO/TR 29381, and he was convenor of Working Group for that standard, ISO TC164/SC3. At ISO’s World Standards Day in 2009, Professor Kwon received a Red Stripes order of service merit award for meritorious service in standardization. He is working with ASME on IIT applications (working item 11-498) to standardize it.

What is NCMS?

—— Meeting Assessment Challenges of Materials Performance and Safety
Dongbai Sun
National Center for Materials Service Safety, China

University of Science and Technology Beijing
Abstract First of all, typical failure cases of engineering components in China are summarized. The exploration indicates that the previous study with standard material samples failed to predict the failure behavior of engineering components due to scale-effect and multi-factor coupling effects under complex service environment. The failure accidents cause serious economic loss, environment pollution and also pose a threat to public security. 
In order to intensively investigate the failure behavior of engineering components, Materials Service Safety Assessment Facilities (MSAF), which was one of the twelve major infrastructure facilities during China’s Eleventh Five-year Plan, was approved by Chinese National Development and Reform Commission. Besides of a numerical simulation systems and an open&shared supporting system, MSAF Project is constructing six large-scale physical test facilities, including multiphase flow environment, atmospheric environment, mechanical-chemical multi-field coupled environment, special regional environment, high temperature and high pressure vapor environment, and extreme/multi-factor coupled environment, respectively. MSAF mainly focuses on the typical failure behaviors of key engineering materials in the fields of power generation, energy, transportation, off-shore, and infrastructure et al.

Meanwhile, on the basis of MSAF, National Center for Materials Service Safety (NCMS) is established. NCMS aims at becoming an open platform for global experts to carry out researches on materials service safety, and provides services on material selection, failure analysis, lifetime prediction, and safety assessment to meet the society and industrial needs. Even at the present construction stage, NCMS actively takes on responsibilities for relevant research projects. Broad international cooperation and collaboration are promoted to speed up the tempo of becoming a part of global research network.
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Email: urs.meier@empa.ch
Prof. A. S. Wu
Center for Composite Materials and Department of Mechanical Engineering, 
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Prof. H. Harada
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Address: 1-2-1 Sengen, Tsukuba Science City Ibaraki 305-0047, Japan
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Prof. W. Krenkel
Ceramic Materials Engineering, University of Bayreuth, Germany
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Prof. Y. Kagawa 
University of Tokyo and NIMS Fellow
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Lawrence Livermore National Laboratory 
Address: 7000 East Avenue Livermore, CA 94550
Email: farmer4@llnl.gov
Prof. E. Turunen
VTT Technical Research Centre of Finland
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BAM Federal Institute for Materials Research and Testing
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Prof. D. Il Kwon
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