第十二屆國際介觀力學研討會

The 12th International Conference on Mesomechanics
會議計畫書
一、會議目的

  此研討會之起源由俄羅斯國家科學院院士Professor V. E. Panin 與美國理海大學Professor G. C. Sih 發起結合力學界精英學者共同組織國際介觀力學學會，廣邀世界各國有興趣的學者專家出席參加 (請見附件一)。前四屆每兩年舉辦一次因獲得熱烈響應，之後改為每年舉辦一次。第一屆於1996於俄羅斯Tomsk舉行，第二屆於1998於以色列Tel Aviv大學舉行，第三屆於2000在中國西安交通大學舉行，第四屆於2002在丹麥Aalborg舉行，第五屆於2003在日本東京大學舉行，第六屆2004於希臘國立Patras大學舉行，第七屆2005由加拿大Montreal大學舉行，第八屆於2006在葡萄牙Porto舉行，第九屆2007於法國Presq’il de Giens舉行，第十屆於2008在埃及首都開羅舉行，第十一屆2009將於英國牛津大學Trinity College舉行，第十二屆2010由國際介觀力學委員會授權我國舉辦 (請見附件二)。此研討會每一屆大約有30國近200位左右學者參與。這次因在我國舉行，所以預計國內學者將會增加，預計有約250位以上來自全球各個國家之學者專家報名參加。
我國近年來一直在提升國際力學領域之學術地位，不論是在政策、研究導向上，皆不斷的努力以赴，期能帶動力學水準升級。尤其本次國際介觀力學學會(ISM)極力推薦我國舉辦第十二屆國際介觀力學研討會，藉由此次研討會可邀請到國際重量級教授學者來台參訪，對我國於世界學術界舞台及國際視野之提昇有絕對加成的效益。因此，我們希望能藉主辦此類型的研討會，讓國內外學者將其最新的成果予以發表，並將國內學者專家的研究成果利用此機會推向國際舞台，進而引進此方面的新思維與新技術，帶動國內的研究，達到產業界升級的最終目標。第十一屆國際介觀力學研討會將於2009年六月在英國牛津大學Trinity College舉行(請參考網頁http://www.eng.ox.ac.uk/elasticity/meso2009/committees.htm)，台科大機械系趙振綱教授已接受邀請，除宣讀論文及觀摩大會籌備事宜外並為下一屆研討會作宣傳介紹。
二、議程
本次研討會將於2010年六月二十一日至六月二十五日於國立台灣科技大學國際大樓舉辦為期五天。大會議程規劃如下

( 六月二十一日(星期一)下午一點開始報到，晚上六點至八本點舉行歡迎晚會。

( 六月二十二日(星期二) 8:30開幕典禮，9:20-10:50 Keynote speaker lectures，11:00-12:00 regular presentation， 12:00-14:00 lunch time，14:00-17:00 regular presentation。

( 六月二十三日(星期三) 9:20-10:50 Keynote speaker lectures，11:00-12:00 regular presentation， 12:00-14:00 lunch time，14:00-17:00 regular presentation。

( 六月二十四日(星期四) 9:20-10:50 Keynote speaker lectures，11:00-12:00 regular presentation， 12:00-14:00 lunch time，14:00-17:00 regular presentation，18:30-21:30 晚宴。

( 六月二十五日(星期五) 9:20-10:50 Keynote speaker lectures，11:00-12:00 regular presentation， 12:00-14:00 lunch time，14:00-16:00畢幕典禮。

本次研討會之論文審查由委員會依照投稿於 International Journal of Theoretical and Applied fracture Mechanics 之方式加以審查。所接受發表之論文將推薦收錄於International Journal of Theoretical and Applied fracture Mechanics, Journal of Thermal Stresses, Journal of Mechanics, International Journal of Theoretical and Applied Multiscale Mechanics 等期刊，以 Special Issue 之方式出版。

三、論文摘要
  Key Note Speaker論文摘要
[1]  Development and characterization of low friction coatings for protection against fretting wear in aerospace components  (Professor. Alexander M. Korsunsky)

  Fretting, in the form of wear and fatigue in contacting components, is a potential damage mode in assemblies that needs to be resisted and minimised by design, and quantified for the purposes of predicting safe life and hence inspection intervals. Fretting damage incorporates cotemporaneous and competing processes of material removal by wear, and fatigue crack initiation. In modern practice low friction coatings are widely used to control fretting damage to components. Two types of low friction coatings were considered in the present study, conventional thermally sprayed dry film lubricant (DFL) coatings, and novel solid coatings deposited using a mechano-chemical route. The study focused on the evolution of two principal parameters characterising the performance of low friction coatings, namely, the coefficient of friction (COF) and the remanent relative thickness (RT). In the present paper we describe the procedures used for performing fretting wear tests on coated systems, and for the characterisation of coefficient of friction and relative thickness evolution in low friction coatings during fretting wear. Results offer improved insight into the progression of fretting wear in coated systems.
Keywords: Coating; Hardness; Fretting wear; Friction coefficient; Indentation; Mechanical alloying

[2]  Three-dimensional structural design optimisation based on fatigue implementing a genetic algorithm and a non-similitude crack growth law   (Professor R. Jones)

  This paper presents the ‘generalised Frost–Dugdale’ law together with a genetic algorithm in a numerical study of a 7050-T7451 aluminium structure. The design objective is the fatigue life of the structure. Genetic algorithms have rapidly become popular due to their robustness, and the balance that can be achieved between efficiency and effectiveness. However, they have yet to be used in a three-dimensional structural fatigue based optimisation study involving crack growth from Region I. Therefore, a genetic algorithm was developed for use in structural finite element optimisation problems. The proposed structural optimisation procedure integrates geometrical modelling, structural analysis and optimisation into one complete and automated computer-aided design process. This study focuses on a simple benchmark structure, which was termed ‘a through-hole in a rectangular block under biaxial loading’. In this case, it was discovered that the genetic algorithm results resembled the optimal solutions of other optimisation algorithms and thus provides an accurate optimised solution. As a result, this paper illustrates a procedure for the design of light weight structures using fatigue based optimisation in conjunction with a genetic algorithm. This procedure has the potential to be applied to structures with complex structural configurations.

Keywords: Structural optimisation; Genetic algorithm; Finite element method; Fatigue

[3]  Anomalies concerned with interpreting fatigue data from two-parameter crack growth rate relation in fracture mechanics  (Professor G. C. Sih)
  Early studies on metal fatigue have concerned primarily with testing the bulk properties of smooth or notch specimens. The fine line crack configuration became a standard ASTM specimen when local effects were recognized to play a decisive role in failure initiation. The size of the failure initiation crack can range from a few cm to a few mm or smaller depending on the application that can involve through cracks in metal sheets, surface cracks extruding grain boundaries and embedded cracks interior to the material microstructure. The state-of-the-art in fracture control for the most part is to monitor the length of an equivalent crack, say “a”, such that the corresponding rate da/dN can be related to the integrity of the system depending on the geometry, load and material.

Consistent data interpretation has been a concern because of the enormous range of physical defect size that the design must cover to assure the effective application of the failure criterion from nano to structural scale size. The design may have to demonstrate that nanocracks are controlled in miniature devices as macrocracks are kept in the sub-critical state for larger structures, As more nanostructures are being used, consideration of small cracks in the damage evolution process is becoming the rule rather than the exception. Whether the ordinary two-parameter da/dN versus ΔK representation referred to Regions I–III would still accommodate microcrack and/or nanocrack behavior is an issue that deserves attention. Because of the empirical nature of the current da/dN approach, different physical meanings can be attached to the same crack growth rate data. The final decision will invariably favor the best fit of the data to certain pre-conceived condition. Non-uniqueness of the physical interpretation must therefore be kept in mind. Often, it is the a priori assumption based on physics that determines the outcome. Some of the possible differences are discussed with emphases placed on using an equivalent crack length and a corresponding energy density state such that the segmented state of affairs at the different scales can be connected.

The time history of material damage including the degradation of the microstructure should be the primary concern in determining the system integrity. Scale segmentation avoids over stretching the ability of theories, most of which are short ranged. The dual scale approach will be offered as the basis for developing multiscale models. Advent of the modern electronic computer offers the opportunity for optimizing several unknown variables at the same time to arrive at the desired solution that can correspond to the design specification.

Keywords: Macromechanical; Microstructural; Nanochemical; Through crack; Surface crack; Embedded crack; Transitional behavior; Threshold; Sigmoidal; Stable; Unstable; Slow and fast crack speed; Micro/macro interaction; Dual scale model; Form invariant; Linear interpolation; Data interpretation; Size and time scale

[4]  The use of notch and short crack approaches to fretting fatigue threshold prediction: Theory and experimental validation  (Professor D. Dini)

  In this paper the similarities between fretted and notched components in terms of stress gradient and the consequent “size effect” are discussed. Critical distance and short crack arrest approaches for the prediction of fretting fatigue thresholds are then presented and the predictions are compared with experimental results. Two geometry and alloy combinations are considered in order to validate the prediction by the means of experimental results. In particular, both Hertzian fretting tests performed on Al4%Cu alloys and experiments carried out employing ‘flat and rounded’ contact pads, made of Ti6Al4V alloy, are used for the comparison. It is shown that both criteria provide good predictive capabilities. However, the short crack arrest method is less empirical and can be adapted to a wider range of applications (e.g. surface treated components).

Keywords: Fretting fatigue; Flat and rounded contacts; Stress gradient; Notch fatigue; Short crack arrest

[5]  A computational approach to thermomechanical fatigue 
                                                  (Professor A. Constantinescu)
  This paper presents a computational approach for the lifetime assessment of structures under thermomechanical loading. One of the main features of the work is the search for simplicity and robustness in all steps of the modeling, in order to match the proposed method with industrial constraints. Among the peculiarities of the engineering environment are the imposed commercial computer programs and the short time delays for manufacturing. The proposed method is composed of a fluid flow, a thermal and a mechanical finite element computation, as well as a final fatigue analysis. The efficiency of the approach is proved by comparison with experimental results on prototype manifolds. The numerical results match both the localization of the damage zone and the lifetime.
Keywords: Cast iron; Viscoplasticity; Low cycle fatigue; Thermomechanical fatigue; Dissipated energy

[6]  Fracture analysis for orthotropic cracked plates   (Professor L. Nobile)

  The present investigation is intended to study the elastostatic fracture response of an orthotropic cracked plate subjected at infinity to a biaxial uniform load. The effects of orthotropy and load biaxiality on the near crack tip elastic fields is pointed out. Considering the non-singular terms, the angle of incipient crack propagation and the fracture loci are obtained. For this purposes the strain energy density theory and the maximum circumferential stress theory are considered and extended to orthotropic materials. A numerical analysis is performed for a wide range of orthotropic material properties and applied loads.

Keywords: Orthotropic elasticity; Biaxial load; Strain energy density; Circumferential stress; Crack initiation
[7]  Exploring the chemical aspects of truck tire blowouts and explosions 
                                                        (Professor T. Vu-Khanh)

   Truck tire blowouts and explosions, which account for a non-negligible number of occupational accidents with severe outcomes particularly in the transportation industry, are the subject of a literature review aimed at identifying the different processes involved, with a special focus on the chemical aspects of the phenomena. Tire blowouts and explosions associated with heat input are the result of the contribution of the thermal expansion of the air inside the tire, the thermal weakening of the tire structure, and three potential chemical reactions, namely pyrolysis, thermo-oxidation and combustion, leading to the degradation of the tire polymer matrix. Tire pressure and air temperature data recorded during a torch-induced tire explosion experiment were analyzed and show a sharp transition at 97 °C between an initial pure thermal air expansion regime and a second regime, also linear and attributed to a combination of air expansion and reactions of thermo-chemical degradation of the tire materials. The findings also highlight the difficulties that are encountered when trying to devise preventive and corrective measures against tire blowouts and explosions.

Keywords: Tire; Explosion; Blowout; Pyrolysis; Thermo-oxidation

[8]  In Vitro atherosclerotic plaque characterization by acoustic impedance monitoring, Part I: Sensor modeling, design, and fabrication  (Professor  F.K. Chang)
  This investigation aims at developing a technique to diagnose the presence of plaque in arteries by measuring the variations of the electromechanical impedance of a piezoelectric (PZT) sensor in contact with the arterial surface. The proposed technique makes use of either one or multiple PZT sensors integrated on a balloon and used prior to percutaneous transmural angioplasty interventions. The system we envision consists of two components: the active, miniaturized PZT sensors (surface-mounted on an angioplasty balloon), and the computer and software. In the proposed technique, the angioplasty balloon with the wall-mounted sensor(s) is inflated in the artery to make contact with the plaque. Initially, low pressure is used not to disrupt the plaque. The diagnostic test feeds an electrical signal that excites the sensors; by analyzing the sensors' response, information on features and properties of the plaque is obtained. Doctors will use this information to recognize unstable plaque prior to full pressurization of the angioplasty balloon. The first part of the article describes the procedure used in designing a sensor for the detection of unstable plaque by the impedance method. Both finite element methods and an analytical model — a modified version of the Krimholtz—Leedom—Matthaei model (Krimholtz et al., 1970) — are utilized in the design of the sensor. An appropriate fabrication technique for manufacturing small-scale PZT sensors is also proposed for use in smaller arteries such as the coronary arteries. Experimentation and verification of the proposed technique is presented in the second paper stemmed from this investigation. 
Keywords: angioplasty • plaque detection • unstable plaque • percutaneous transmural angioplasty (PTA) • acoustic impedance • atherosclerosis detection • diagnostics technique • piezoelectric sensors • PZT.

四、預計邀請的 Key Note Speaker 

1、 Prof. Alexander M. Korsunsky（英國牛津大學教授）

講題「Development and characterization of low friction coatings for protection against fretting wear in aerospace components」

[1] A.M. Korsunsky, S.P. Collins, R.A. Owen, Daymond M.R., Achtioui S., James K.E., Fast residual stress mapping using energy dispersive synchrotron X-ray diffraction on station 16.3 at the SRS, J. Synchrotron Rad. v.9, p.77-81, 2002. 
[2] A.M. Korsunsky and K. Kim, Determination of essential work of necking and tearing from a single tensile test. International Journal of Fracture, 132(3): p. L37-L44., 2005. 

[3] A.M. Korsunsky, K. Kim, and L.R. Botvina, An analysis of defect size evolution. International Journal of Fracture, 128(1-4): p. 139-145., 2004.
2、 Prof. R. Jones（澳洲蒙那許大學教授）
講題「Three-dimensional structural design optimisation based on fatigue implementing a genetic algorithm and a non-similitude crack growth law」

[1] R. Jones, A scientific evaluation of the approximate 2D theories for composite repairs to cracked metallic components, Composite Structures, v 87, n 2 , p 151-160, 2009
[2] K. Krishnapillai, R. Jones, D. Peng, Three-dimensional fatigue-based structural design optimization of fuel flow vent holes, Engineering Failure Analysis, v 16, n 1, p 371-390, 2009
[3] D. Peng, R. Jones, A CAD-based on biological method for designing optimal fatigue life, Structural and Multidisciplinary Optimization, v 37, n 3, p 295-304, 2009
3、 Prof. G. C. Sih（美國李海大學教授）

講題「Anomalies concerned with interpreting fatigue data from two-parameter crack growth rate relation in fracture mechanics」

[1] G. C. Sih, Electron cloud overlap related to specific energy threshold and breakdown at high temperature, short time and nano distance, Theoretical and Applied Fracture Mechanics, v 50, n 3, p 173-183, 2008
[2] G. C. Sih, Disproportionate available to dissipated energy density model related to emission of CO2 and evaluation of structural energy efficiency, Theoretical and Applied Fracture Mechanics, v 50, n 1, p 1-8, 2008
[3] G. C. Sih, X. S. Tang, Micro/macro-crack growth due to creep-fatigue dependency on time-temperature material behavior, Theoretical and Applied Fracture Mechanics, v 50, n 1, p 9-22, 2008
4、 Prof. D. Dini (英國倫敦帝國理工學院教授）

講題「The use of notch and short crack approaches to fretting fatigue threshold prediction: Theory and experimental validation」
[1] D. Dini, D. Nowell, A. M. Korsunsky, Size and scale effects in fretting fatigue thresholds, International Journal of Fracture, v 135, n 1-4, p L11-L18, 2005 
[2] D. Dini, D. Nowell, Flat and rounded fretting contact problems incorporating elastic layers, International Journal of Mechanical Sciences, v 46, n 11, p 1635-1657, 2004 
[3] H. Qiu, R. Paynter, D. Dini, D. Hills, The state of stress induced by ring dislocations in a semi-infinite stepped shaft, European Journal of Mechanics, A/Solids, v 27, n 2, p 269-284, 2008
5、 Prof. A. Constantinescu (法國巴黎高等綜合理工學院教授）
講題「A computational approach to thermomechanical fatigue」

[1] B. Lecampion, A. Constantinescu, L. Malinsky, Identification of poroelastic constants of "tight" rocks from laboratory tests, International Journal of Geomechanics, v 6, n 3, p 201-208, 2006
[2] S. Amiable, S. Chapuliot, A. Constantinescu, A. Fissolo, A comparison of lifetime prediction methods for a thermal fatigue experiment Source: International Journal of Fatigue, v 28, n 7, p 692-706, 2006
[3] S. Amiable, S. Chapuliot, A. Constantinescu, A. Fissolo, A computational lifetime prediction of a thermal shock experiment. Part I: Thermomechanical modelling and lifetime prediction, Fatigue and Fracture of Engineering Materials and Structures, v 29, n 3, p 175-182, 2006
6、 Prof. L. Nobile (義大利波隆納大學教授)
講題「Fracture analysis for orthotropic cracked plates」

[1] L. Nobile, C. Caloni, Buckling analysis of eccentrically loaded cracked columns,  SDHM Structural Durability and Health Monitoring, v 2, n 2, p 83-90, 2006
[2] C. Caloni, L. Nobile, Maximum circumferential stress criterion applied to orthotropic materials, Fatigue and Fracture of Engineering Materials and Structures, v 28, n 9, p 825-833, 2005
[3] L. Nobile, C. Caloni, M. Nobile, Strain energy density prediction of crack initiation and direction in cracked T-beams and pipes, Theoretical and Applied Fracture Mechanics, v 41, n 1-3, April, 2004, p 137-145
7、 Prof. T. Vu-Khanh (加拿大魁北克大學教授)
講題「Exploring the chemical aspects of truck tire blowouts and explosions」

[1] B. N. Vu-Thi, T. Vu-Khanh, J. Lara, Effect of friction on cut resistance of polymers, Journal of Thermoplastic Composite Materials, v 18, n 1, p 23-36, 2005 
[2] B. N. Vu-Thi, T. Vu-Khanh, J. Lara, Progress in the characterization of the cutting resistance of protective materials, Journal of ASTM International, v 2, n 5, p 399-413, 2005
[3] T. H. Anh, T. Vu-Khanh, Effects of thermal aging on fracture performance of polychloroprene, Journal of Materials Science, v 40, n 19, p 5243-5248, 2005
8、 Prof. F.K. Chang (美國史丹佛大學教授)

講題「In Vitro Atherosclerotic Plaque Characterization by Acoustic Impedance Monitoring, Part I: Sensor Modeling, Design, and Fabrication」
[1] W. K. Chiu, T. Tian, F. K. Chang, The effects of structural variations on the health monitoring of composite structures, Composite Structures, v 87, n 2, January, 2009, p 121-140 
[2] R. Seydel, F. K. Chang, Impact identification of stiffened composite panels: I. System development, Smart Materials and Structures, v 10, n 2, April, 2001, p 354-369 
[3] C. S. Wang, F. Wu, F. K. Chang, Structural health monitoring from fiber-reinforced composites to steel-reinforced concrete, Smart Materials and Structures, v 10, n 3, June, 2001, p 548-552
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