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PREFACE 

As lhe enginecring community continues to cross lhe boundari es of knowll pracl ices. materia is and 
manufacturing techniques imo lhe frotuiers of ncw futlctional materiais, environments and 
applications, lhe opportunities for catastrophic failu res \ViII inevitably increase. Ir our knowled ge Df 
how to enginecr syslems, struclL!res and components to minimize Of prevenI cataslrophic failure is to 
kecp pace wi th modern manufacturing technologies. lhe demunding app lications. and lhe intolerance 
of a safely conseious society. wc mus! continue o ur cfforts to dcvclop and use superior materiai s. 
apply reliable analytical lcchniques and validate these with sOllnd experimenta l tool5. 

The objecli ve 01' Ihis gathcring is to provide a forum for the discussion and di sscmination or reccnt 
advanccs in thrcc related arC<lS: integrity. rcliability and failurc 01' cngineering struc tures. componenL<; 
and syslems. The goal is lO enable Tllcchanical. aeronautical, civil. ilutoTllotivc, biomedical and nuclear 
engineers. rescarchers and scient is ts from a li over the wor1d to exchangc ideas on mcchanics. materiais 
and dcs ign as lhey relate to systeTll integrity anel reliability. 

This third international conference was pan 01' a prestigious series 01' lntegrity Rcliab ility anel Failll rc 
conferences coordinatceI by lhe International Sc icn tifi c Comrniuee on rvlech;mics anel Materiais in 
Design. The conference auracted ovcr 260 p~u1 i cipants \Vitll 310 acceptcd acaelemic anel industrial 
submissions fram 45 difTerent countries arou nd lhe \Vorlel. These p<lJX:rs \Vere pre.<;ented in July 20-24. 
2009 in lhe magnifrcenl city 01' Porto, Portugal , and the conference themes focused on des igno 
nanotechnology. computalional and s tructural mecllan ics . experimental Illechanics. advanced 
materiais. energetic systCl1ls. and case stuelies . 

We are particularly indebted lo the Symposilflll PrO/lloters for the coordination 01' lhe differcnt themes 
and to the authors ror their papers and oral prcsentations. Each 01' lhe more Ihan 300 oral conlribut ions 
orfcred opponunities for Ihorough discu.s.sions with the authors. Wc acknowlcdge ali 01' lhe 
participanls. who contribuled wilh in novations. ncw rcsearch approaches. novel Illode lling and 
simulation effort~ . and invaluable crit icai com1l1cnts. 

We are also indebtcd to lhe six outstanding plenary 1ecturcrs who highlighleel the conference themes 
with their cantribut ions: DI'. J.N. Rcdd y (Texas A&M Un ivers il y/USA), DI'. Shaker A. Megllid 
(UnivcrsityofToronto/Canada), Df. G. Weng (R utgers Un ivers ity/USA), DI'. D.R.J. Owcn (Un ivers ity 
of Swansea/UK), Df. Magnus Langseth (NTNU/Norway). and DI'. Mário A .P. Vaz (U niversity af 
P0!101Portuga1). 

Finally, wc wish to express our gratilude to lhe membcrs 01' the Internati onal Scientific C01l1111ittec fo r 
rev iewing the papers and to the Conference Organi zi llg COlllmi llee: Df. Carlos C. Anlóni o, DI'. José 
M. Ciflle, Dr.Rui M. Guedes . OI'. M. Teresa Restivo. DI'. Aarash Sofia. and DI'. M:.írio A.r. Vaz. 
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SYNOPSIS 

The weight is a preponderant fac tor in the lransports industry, where is demand a superior 
performance to lhe metais structures. These e lements me subjecl to high slresses and work 
near lO lhe limi t 01' lhe material yield strength. with high safely requirements. The presence 01' 
small cracks can conduce al long tenn to lhe struclure failure . Therefore. a prediction model 
af crack propagation must be developed based on lhe anal ys is of lhe displacement ficld !leal' 
lhe crack root (Kang, 2001). Moiré interformelry technique (Post , 1994) is su itable for l'ull ­
fie ld non-contact and wilh high resolution measurements of lhe in-plane displacemcnls 
(Ribeiro, 2008). More rccently, intelierometric Shearography technique was introduced for 
the measurement of lhe gradienl disp laccmcnt ri e ld (Lopes. 2007). For small displacemcnts, 
lhe second order of lhe gradient can be neglctcd. allow ing the direcl measurement of in-pl ane 
slrain fields. The improvement of spat ial resolu tion and lhe quality are achieved by 
numerically post-process ing the experime ntal data. These involved lhe use o f dedicated image 
process ing techniqlles (Lopes. 2008) for lhe appl ication o f temporal phasc I.echnique (Creath. 
1996), filtering lhe high frequency noise, elimination of lhe phase discontinuiti es and 
ex tracting lhe full-fi e lcl strain fielels . The main object ive of {his paper is to show the 
advantages of lI sing lhe interferomctric tcchniques in the tll casuremcnt of g lobal 
displacements and strain lie lds in the mOI ar a crack. The evaluation of experimental 
measurements is perf0n11ed by comparing the results with the numerical s imulation. 

RESULTS 

A test specimen with a 7 mm crack was studied using Moiré (R ibe iro. 2006) anel lhe 
Shearography interformctry techniques. The experimental assessmc nt oI' global behavior in 
the crack root was performed using lhe 3 points bending tcst accorcling to the ASTM E399-90 
standard lesl (ASTM. 1992). presenled in Figure I. 

500 N Moiré grating 

36[ 
~--------~---------n~ 

162 

Fig. I Thc eX I>crimen! sel-up based on AST M E399-90 s tand ard tes! (di mcnsiolls in milli melrcs). 
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The d isplacement fields in two orthogonal dircctions (u, v) are measured wilh Moiré 
interferometry technique and presented in the Figure 2. 

'" 

(a) 

, 
" '" 

(b) 
Fig. 2 Thc experimcnwl displacemenl ficlds in crack 1'001 for: a) u direetion: b) v dircction. 

CONCLUSIONS 

The tWQ intereFormentric techniques useel in th is work show to be well adapted for the nOI1-

contact, fu ll -field measurement of the displaeement anel sl rain fields in the crack rool. A good 
correlation was obtained between lhe experimenta l measuremenls and the numerical 
simulation, desp ite of small local differe nces as result of lhe deviation of lhe loading vector. 
The direct measurement of graclient 01' di sp lacemcnt fi e ld wi th the shearography technique 
proved to be an alternative opt"ion to lhe elcctric strain gages, although the pOOI" quality of the 
resu lls. Beuer results are expecled in lhe future by improving the tWQ illumination vector 
adjustment. 
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