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tion for ulk displement mesurementF wo on(gurtions of mhined holes re studied iA WH • with respet to the loding diretion to mimi inE ternl nekingD nd iiA RS • to ttempt to trigger void sheeting mehnism etween the rti(il voidsF he mhined holes ply the role of primry voidsD the grphite nodules tht of seondry voidsF et lower sle there is smller third popultion of voidsF he RS • void orienttion suessfully uses sher nd etween the primry voidsF roweverD the growth nd oE 1. Introduction and motivation e whole rnge of engineering mterils hs een optimized throughout history following the ide of voiding rittle frtureF his quest resulted in signi(nt portion of modern mterils filing in dutile mnnersF he onE stnt quest for more fuel e0ient nd hene lighter design implies extended knowledge out the dutile dmge mehnisms during forming nd inE servie onditionsF igni(nt e'orts in modelling of dutile filure proesses hve een mde during the pst few dedes whih resulted in sustntil progress of knowledge RF roweverD the full understnding of dutile filure mehnisms under spei( stress sttes still remins n open questionF vow stress trixilities @`IA indue phenomen tht nnot e hndled with lssil dutile dmge models IUD QP tht re tilored for higher trixE P ilitiesF henomenologil pprohes where the strin to filure f is de(ned s funtion of stress trixility η nd vode prmeter µ QQD ID ITD SP yield stisftory results in industril ontexts ut still without generl ppliilE ityF here is no roust dutile dmge model tht is le to orretly predit frture loi f (η, µ) under ritrry loding pths IQD IPF st hs een demonstrted in previous works tht oth dmge growth QU nd strin to filure vlues Q re loding pth dependentD iFeFD nonproportionl loding onditions led to di'erent f vlues for similr stressEverged trixilitiesF he min reson for the ove mentioned shortomings is n inomplete understnding of dutile dmge mehnismsF he lk of quntittive exE perimentl dt nd their questionle interprettion result in seEsensitive model lirtions where the underlying physis is not fully pturedF Qh imging methodsD eFgFD ynhrotron dition gomputed omogrE phy @gA PPD PID PQD PWD llow for in-situ monitoring of the three prinipl stges of dutile dmgeD nmely nuletionD growth nd olesene of the voids t the mirosleF hile tomogrphy is limited to snning stikElike smples with smll ross setionl resD ynhrotron dition gomputed vminogrphy @gvA IWD IVD PSD IID QTD RV enles regions of interest @yssA in lterlly extended ojets to e snnedF sn the ontext of mehnE il experiments this feture filittes performing in-situ experiments with sheetE or pnelElike smples SRD PT with more engineering relevnt oundry onditionsD di'erent levels of stress trixilities nd signi(nt sizes of plsti deformtion zonesF higitl olume gorreltion @hgA n e employed to Q mesure Qh ulk kinemti (elds RQF he mesured displement (elds n e used for driving pi simultions tht ount for underlying mirostruE tures WD RPF he proposed method where the pi model ounts for the rel mirostruture nd is driven y mesured oundry onditions n e extended to inverse identi(tion purposes t the mirostruture levelF sn this work in-situ lminogrphy experiments re performed on nodulr grphite st iron sheet smples tht ontin two mhined holesF he geomE etry of the smples is inspired y the work of ek et lF SIF wo vrints of the smple geometry will e studiedD nmelyD A two holes re mhined t RS • D A two holes re mhined t WH • with respet to the loding diretionF he generl ide is to indue nturl loliztion etween the mhined holes nd oserve whether there re ny fundmentl di'erenes etween dmge mehnisms in the lolized nd for the two sesF he mteril itself onE tins two prtile popultionsD nmelyD grphite nodules onsidered s voids euse of their wek mehnil properties ISD SQD TD PH nd the popultion of smll prtiles present in the ferriti mtrix efore lodingF reneD fter mhining holes with dimeter one order of mgnitude higher thn tht of nodulesD the proposed on(gurtion presents rther unique opportunity to oserve three void popultions in single experimentF he lminogrphy tehnique enles us to fous on void growth in the sheet for the (rst time under suh oundry onditions while hg will e used for mesuring the ulk kinemtisF he estimted strin (elds will e utilized for the determintion of strins to filure for WH • nd RS • on(gurE R tions in the ligments etween the nodules nd on the sle of the mrond etween the mhined holesF oid growth in the exmined region nd inE dividul growth of the hosen voids will e reported y using segmenttion tehnique on lminogrphy imgesF edditionllyD men void growth meE surements will e supported y nlyzing the volumetri prt of the strin tensorF pinllyD mesured mesoE nd miroEolesene nd frture riteri in terms of oth lminogrphy nd hg kinemti dt will e nlyzedF 

f (x) = g[x + u(x)] @IA
where u is the displement (eld with respet to the referene volumeF hue to the di'erent noise soures in the experiments PV the strit onservtion of gry levels is never perfetly stis(ed mening the solution onsists in minimizing the gry level residul ρ(x) = f (x) -g[x + u(x)] over the whole ys @iFeFD glol pproh to hgA y onsidering its vPEnorm with respet V to prmeterized kinemti unknownsF he displement (eld is written s

u(x) = p u p Ψ p (x) @PA
where Ψ p (x) re the hosen shpe funtions for the prmeteriztion of u(x)F rexhedrl (nite elements with triliner shpe funtions re hosen in this

work QVF he glol residul Φ 2 Φ 2 ({u}) = ROI f (x) -g(x + p u p Ψ p (x)) @QA
is minimized with respet to the unknown mplitudes u p D whih re gthE ered in the olumn vetor {u}F his nonliner lest squres minimiztion is performed with qussExewton sheme QVF efter suessive lineriztions nd orretions the urrent system to e solved reds

[M]{δu} = {b} @RA
where

M ij = ROI (∇f • Ψ i )(x)(∇f • Ψ j )(x) @SA
represents the hg mtrixD while vetor {b}

b i = ROI (f (x) -g(x))(∇f • Ψ i )(x) @TA
ontins the urrent di'erene etween the referene volume f nd the orE reted deformed volume g = g(x + ũ(x))D ũ eing the urrent estimte of the displement (eldF he glol residul needs to derese so tht onverE gene is hievedD iFeFD the displement orretions {δu} eome vnishingly W smllF ell the results reported herefter require the hg nlyses to hve onvergedD nmelyD the root men squre @wA of the displement inreE ment etween two itertions is less thn 10 -4 voxelF 2.3.1. Denition of strains and uncertainty prom the men grdient of the displement (eld over eh VEnoded elE ement the renky @logrithmiA strin tensor nd susequently its seond invrint will e used in the sequelD the von wises equivlent strin eing resolution levels for di'erent element sizes expressed in supervoxels @with respet to the originl voxel sizeAF heresing the element size is followed y n inrese of the strin unertintyF he element size used in this work is = 16 supervoxels @lengthA for ll three diretionsD whih yields stnE drd equivlent strin resolution of HFUV 7 for the WH • on(gurtion nd HFUQ 7 for the RS • on(gurtionF ine the tre of the strin tensor will e onsidered in the followingD the orresponding stndrd resolution for the WH • on(gurtion is IFVI 7 while the RS • on(gurtion hs unertinty of IFTU 7F hese vlues represent the limit ove whih the estimted strins re deemed trustworthyF 2.3.2. Direct vs. incremental DVC calculations hiret hg results refer to the solutions otined y orrelting the unE deformed volume @stte @HAA nd one of the deformed on(gurtions @stte @nAAD while inrementl lultions stnd for the orreltion etween ny deformed volume @stte @nAA nd susequent @stte @n + 1AA on(gurtionF hue to the lrge umulted deformtions the onvergene of diret hg lultions is hrdly hieved for ultimte loding stepsD hene n inreE mentl orreltion proedure is lso followedF hen displying inrementl II lultion results the (elds re shown in the referene on(gurtion of eh inrementl nlysisF hereforeD speil re hs to e exerised to idenE tify ommon fetures to mke the omprison ojetiveF ine the glol oordinte system is identil for diret nd inrementl lultionsD the inrementl displement (elds @from the end of the loding historyA n e interpolted on the deformed mesh from the lst onverged diret lulE tionF fy onduting suh nlysis one n extend hg registrtions from the undeformed on(gurtion to the very end of the loding historyF his opertion is the si priniple of cumulation proedure in postproessing of the hg results nd will e used in the sequel QHF sn the WH • on(gurtion it seems tht the in)uene of the seond popE ultion @nodulesA on the rk pth is more pronouned in the sense tht there is no regulr mroEolesene event @whih here should our norml to the loding diretion onneting the two mhined holesA ut the (nl filure propgtion is in)uened y the grphite nodule positionsF yverllD this interply results in numerous lotions @long the thikness diretion zA where the (nl rk hs roofEtop shpe t the mesosleF his type of mroEolesene lso often onsists of lol void sheeting events etween the voids @nodulesA ut the previling mehnism is internl neking etween 14 (A,B) plotted against the mean von Mises strains in the corresponding sub-ROIs. The dashed line without markers denotes one-to-one relationship for more convenient reading of the graph sn pigure PH points g nd h @iFeFD representtives of internl neking ligmentsA re lso nlyzedF eginD similr vlues for the olesene equivE lent strins for the two smples @dshed linesA re found @≈RS 7AF xote tht these levels re lose to those otined in the void sheeting ligments nd seem to e independent of the ligment filure typeF sn other wordsD this result underlines the ility of equivlent von wises strins to lolly indiE te mteril filureF roweverD it remins insensitive to the type of dmge mehnisms nd (nl ligment filureD iFeFD these items did not re)et in von wises strins hnges @iFeFD the slope of the urves for di'erent mehnisms re similrA nor its (nl vluesF st is the lol nodule rrngement of the rel mirostruture tht is of prime importneD then the nodule shpes nd (nlly mtrix defets tht will indue di'erent stress sttes responsile for QV di'erent ligment filuresF he lol strin tre levels exhiit some sensitivity to di'erent ligment filure mehnisms @pigure PIAF por eh of the on(gurtionsD the two difE ferent filure mehnisms n now e distinguished due to the di'erent strin tre levels nd ultimte vluesF his is espeilly true for the RS • on(gurE tionF elthough they fil in similr mnner s shown in pigure IR the strin tre levels for points e nd f di'er sustntillyF he sme oservtion is vlid for points g nd h mening tht the lol tre nnot e used s glol threshold quntity for di'erent mesoEstress sttesD ut when limited to the de(ned stte @in this se WH • or RS • on(gurtionA it is helpful physil quntity for the distintion of the two ligment filure mehnismsF his exmple lso illustrtes the importne of proper sle modeling sine on the ligment level oth smple geometries filed in similr mnE ner s lredy shown in post mortem nlyses ut not with n identil kinemti history @eFgFD di'erent strin tre levelsAF he rel dded vlue of this nlysis to the iw imges is the possiility of following the ulk kinemtisGmirostruture hnges during the whole experimentF QW is y segmenting gry level imges nd following the numer of remining voxels tht normlly should elong to voids PRF he nlysis sed on this pproh is performed in this work ut with ertin improvementsF pirstD y mens of hg mesured kinemti (elds the initil set of mteril points is followed throughout the experiment @iFeFD truly vgrngin mesurementAF eondD the good hoie for gry level thresholdD whih is often sujetiveD is proed y employing the mesured men strin treF oid growth otined with di'erent thresholds from lminogrphy dt @δf A is ompred with the volume hnge lulted y the men strin tre multiplied y the urrent RH suEys volume @δV AF he results re shown in pigure PP for the two nE lyzed smplesF he est greement is otined for threshold of IIS gry levels for oth smplesF yn the left side of pigure PSD voids for WH • @eIA nd RS • @fIA on(guE rtions re followed through the experiment nd ompnied y void repreE senttions isolted from the originl lminogrphy volumesF he WH • on(gE urtion void @mgentA experienes stle growth up to QH 7 of lol strin when the (rst signs of internl neking our on the left side of the voidF sn the following loding step the void is linked y internl neking with numerE ous surrounding voidsD while mny of them re further onneted with their susequent neighors reting signi(nt network of linked voidsF his is the reson why the mesurement is not onduted hereF yne dditionl (gE ure is dded showing just prt of the mentioned linked network ontining wide orridor @shdedA etween the two miniEvoidElusters where sheet oE RR lesene will our in the following stepF e similr senrio is oserved for the RS • on(gurtion void @yellowAF tust efore the onset of void sheeting shown on most right imgeD the followed void lso interted with the losest neighor in n internl neking linkge modeF he right side of pigure PS shows internl neking ligment voids for WH • @gIA nd RS • @hIA on(gurtionsF sn the WH • se the void @lueA grows individully up to PP 7 of the mesured lol strin when it strts to intert with its environmentF sn the next loding step the void representtion shows the onset of internl neking linkge etween the monitored void nd its neighorF xote tht point g is pled etween these two voids @pigure PHAF ine omplete linkge hs not ourred nd only the two illustrted voids re intertingD the mesurements re rried out up to the point when more generl olesene ourred s illustrted t the ultimte mesured pointF he RS • void @redA experienes more stle growth to the very end of the mesurementsF ynly for the lst step the studied void oleses with the group of voids nd the linked network is estlishedF he mesurement is still performed ut the monitored void is previously isolted from the networkF he sme isoltion proedure is followed in ll other ses where olesene prtly ourred ut mesurements were still reportedD iFeFD only the volumeGsurfe of the ontrolled void is reportedD not those from the whole linked ssemly of voidsF 

  Figure 1: Drawings of the two samples with the scanned regions and the regions of interest (ROIs) for DVC analyses

Figure 3 :

 3 Figure 3: Equivalent strain resolution (a), and strain trace resolution (b), as functions of the element size

  Figure 4: Mid-thickness microstructure sections of reconstructed laminography data for the 90 • (a) and 45 • (b) congurations during the loading history (The engineering strain is given as crosshead displacement divided by the gauge length).
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 68101213151819 Figure 5: DVC gray level residual elds: (a) 45 • conguration section normal to the loading direction y; (b) 90 • conguration section normal to the thickness direction z; (c) isometric view of the residual eld for the 90 • conguration

Figure 21 :

 21 Figure 21: Local strain (inter-nodule) trace values for the points of interest depicted in Figures 14 and 20 plotted against the mean von Mises strain levels in the corresponding sub-ROIs

Figure 22 :

 22 Figure 22: Void growth obtained with dierent threshold values from laminography data (δf) expressed as total volume increase in the ROI compared with the volume change δV calculated by the mean strain trace multiplication with the current ROI volume (δV ) for the 90 • (a) and 45 • (b) congurations

  et of the rrngement of two rti(il mhined voids on dutile void growth nd olesene mehnisms is studied in )t speimens mde of nodulr grphite st ironF he dmge hnges re imged vi in situ Qh lminogrphyF higitl volume orreltion is employed for ulk strin mesurementF wo on(gurtions of mhined holes re studied iA WH • with respet to the loding diretion to mimi internl neking nd iiA RS • to trigger void sheeting mehnisms etween the rti(il voidsF he mhined holes re ssumed to ply the role of primry voidsD the grphite nodules the role of seondry voidsF prtogrphy reveled t lower sle smller third popultion of voidsF yn the mesosleD it is shown tht the RS • rti(il void on(gurtion reprodued the expeted sher strin ndF por the olesene mehnism the seondry voids @nuleting from nodulesA plyed minor roleD iFeFD the (nl rk pth ws not 'eted y the nodulesF sn the WH • on(gurtionD more di'use plsti zone etween the mhined holes fvored the in)uene of seondry @noduleA voids on the rk pthD nmelyD the (nl filure followed the erly presried loliztion pths etween nodules thtD osionlyD did not represent the shortest distne etween the primry voidsF yn the mirosleD seondry voids @from nodulesA in oth on(gurtions tended to initilly grow in high trixility mode nd intert with the losest neighors in n internl neking modeF et the very lte stges of deformtion just prior to the (nl filure void sheeting olesene took ple in some RT lotionsY in the RS • on(gurtion minly euse of the mesosle strin nd e'et determined y the primry void positions while in the WH • smple void sheeting is the outome of the fvorly positioned lusters of lredy linked voids tht (nlly needed to olese to form the min filure rkF he iw nlyses on(rmed these miromehnisms t smller sles in oth on(gurtions @pigure TAF xnometri dimples re seen on the frture surfe ut their origin remins undeterminedF he min onlusion from this work is the omplexity of multisle nd strong Qh nodule distriution e'ets reveled in the two smplesF he men equivlent strin on the level of the suEys @iFeFD most of the ligment etween the mhined holesA shows slightly higher dutility of the RS • on(gurtionF he men tre of the strin tensorD iFeFD volume hngeD does not di'er signi(ntly for the two ses @pigure PIAD whih orresponds to erly deonding nd void growth on the mirosleF por the mirosle internodule olesene nlysis two di'erent ligment types for oth ses were depitedD nmelyD one of them experienes void sheeting while the other lssil internl neking oleseneF rere the lol von wises strin levels prior to olesene were sustntilly higher thn tht of the mesosleD ut they re similr for oth smples @void sheeting ligments ≈RH 7Y internl neking ligments ≈RS 7D see pigure PHAF he normlized individul void growth vlues in the immedite viinity of the mentioned ligments were determinedF he resultsD shown in pigure PSD outline tht even though the ligments will end up with the sme type of RU filureD void growth of oundry voids is higher in the WH • on(gurtion for oth types of olesene mehnismsF vstD let us note tht the present dt will e used in the future s input nd vlidtion dt for miromehnil modeling to proe plstiity nd dmge models using rel mirostrutures nd mesured oundry ondiE tions RPF I F fi nd F ierzikiF epplition of extended mohrEoulom riteE rion to dutile frtureF International Journal of FractureD ITI@IAXI!PHD PHIHF P fF fyD F mithD hF pyhrie nd wF dF higitl volume orreltionX threeEdimensionl strin mpping using Ery tomogrphyF Experimental MechanicsD QWXPIU!PPTD IWWWF Q eF fenzergD hF urovik nd F uerlvrmF yn the pthEdependene of the frture lous in dutile mterils nlysisF International Journal of PlasticityD QUXISU!IUHD PHIPF R tF fessonF gontinuum models of dutile frtureX e reviewF International Journal of Damage MechanicsD IWXQ!SPD PHIHF S F folte nd pF F gordelièresF e guided tour into suellulr ololizE tion nlysis in light mirosopyF Journal of MicroscopyD PPR@QAXPIQ!PQPD PHHTF T xF fonor nd eF uggieroF wiromehnil modeling of dutile st iron inorporting dmgeF rt sX perriti dutile st ironF International Journal of Solids and StructuresD RP@SETAXIRHI!IRPRD PHHSF U wF fornertD tF ghixD F houmlinD tF hupréD F pournelD hF teulinD iF wireD wF woreud nd rF woulineF wesure tridimensionnelle de RW hmps inémtiques pr imgerie volumique pour l9nlyse des mtériE ux et des struturesF Instrumentation, Mesure, MétrologieD RXRQ!VVD PHHRF V eF fuljD F illndierEhomsD F pF worgeneyerD vF relfenD F oux nd pF rildF lnt strined nd development during )t to slnt rk trnsition in ee PIWV V sheetX in situ Qh mesurementsF International Journal of FractureD PHH@IAXRW!TPD PHITF W eF fuljD wF hkoorD tF xeggersD vF relfenD wF fernkiD FEyF fouhrdD hilo pF worgeneyer nd pF rildF xumeril lidtion prmework for wiromehnil imultions sed on ynhrotron Qh smgingF Computational MechanicsD SW@QAXRIW!RRID PHIUF IH eF fuljD F illndierEhomsD vF relfenD FpF worgeneyer nd pF rildF ivlution of mesurement unertinties of digitl volume orreE ltion pplied to lminogrphy dtF The Journal of Strain Analysis for Engineering DesignD in press @hysXIHFIIUUGHQHWQPRUIUURVHWUAD PHIUF II hF tF fullD vF relfenD sF inlirD F wF pering nd F fumhF e ynthesis of wultiEle Qh Ery omogrphi snspetion ehniques for essessing gron pire gomposite smpt hmgeF Composites Science and TechnologyD USXSS!TID PHIQF IP FEF goD gF fodillD F wontmitonnet nd FEyF fouhrdF e omE prtive study of three dutile dmge pprohes for frture predition SH in old forming proessesF Journal of Materials Processing TechnologyD PITXQVS!RHRD PHISF IQ FEF goD iF wireD gF erduD gF fodillD F vsneD F wontmitonE net nd FEyF fouhrdF ghrteriztion of dutile dmge for high ron steel using Qh Ery miroEtomogrphy nd mehnil tests ! epplition to the identi(tion of sher modi(ed qx modelF Computational Materials ScienceD VRXIUS!IVUD PHIRF IR uF hns nd F onte gstñedF sn)uene of the vode prmeter nd the stress trixility on the filure of elstoEplsti porous mterilsF International Journal of Solids and StructuresD RW@II!IPAXIQPS!IQRPD PHIPF IS wF tF hongD gF rioul nd hF prnçoisF hmge e'et on the frture toughness of nodulr st ironX rt sF hmge hrteriztion nd plsti )ow stress modelingF Metallurgical and Materials Transactions AD PV@IIAXPPRS!PPSRD IWWUF IT wF hunnd nd hF wohrF yn the preditive pilities of the sher modi(ed qurson nd the modi(ed wohr goulom frture models over wide rnge of stress trixilities nd vode nglesF Journal of the Mechanics and Physics of SolidsD SW@UAXIQUR!IQWRD PHIIF IU eF vF qursonF gontinuum theory of dutile rupture y void nuletion nd growthX rt s E yield riterion nd )ow rules for porous dutile SI mediF ASME Journal of Engineering Materials and TechnologyD WWXP! ISD IWUUF IV vF relfenD FpF worgeneyerD pF uD wF xF wvrogordtoD sF inlirD fF hillinger nd F fumhF ynhrotron nd neutron lminogrphy for threeEdimensionl imging of devies nd )t mteril speimensF International Journal of Materials ResearchD PHIP@PAXIUH!IUQD PHIPF IW vF relfenD eF wygotinD F ernotD wF hiwihielD F wikulíkD eF ferthold nd F fumhF snvestigtion of hyrid pixel detetor rrys y synhrotronErdition imgingF Nuclear Instruments and Methods in Physics Research Section BD STQXITQ!ITTD PHHTF PH qF rütterD vF yell nd wF uunF wiromehnisms of frture in nodulr st ironX prom experimentl (ndings towrds modeling strteE gies ! e reviewF Engineering Fracture MechanicsD IRRXIIV!IRID PHISF PI gF vndronD iF wireD tF edrienD rF uhonenD F gloetens nd yF fouzizF xonEdestrutive QEh reonstrution of the mrtensiti phse in dulEphse steel using synhrotron holotomogrphyF Scripta Mate-rialiaD TT@IPAXIHUU!IHVHD PHIPF PP tF vorthiosD pF xguyenD eFEpF qourguesD F pF worgeneyer nd F gugyF hmge oservtion in highEmngnese usteniti s steel y synhrotron rdition omputed tomogrphyF Scripta Materi-aliaD TQ@IPAXIPPH!IPPQD PHIHF SP PQ iF wire nd F tF ithersF untittive Ery tomogrphyF International Materials ReviewsD SW@IAXI!RQD PHIRF PR iF wireD F houD tF edrien nd wF himihielF hmge qunti(E tion in luminium lloys using in situ tensile tests in xEry tomogrphyF Engineering Fracture MechanicsD UVXPTUW!PTWHD PHIIF PS F wurelD vF relfenD pF x9quyenD eF uösterD wF hi wihielD F fumE h nd F pF worgeneyerF hreeEdimensionl investigtion of therE ml rrier otings y synhrotronErdition omputed lminogrphyF Scripta MaterialiaD TTXRUI!RURD PHIPF PT F pF worgeneyerD vF relfenD sF inlirD rF roudhonD pF u nd F fumhF hutile rk initition nd propgtion ssessed vi in situ synhrotron rdition omputed lminogrphyF Scripta MaterialiaD TSXIHIH!IHIQD PHIIF PU F pF worgeneyerD F illndierEhomsD vF relfenD F fumhD sF inlirD F oux nd pF rildF sn situ Qh oservtion of erly strin lolistion during filure of thin el lloy @PIWVA sheetF Acta MaterialiaD pges UV!WID PHIRF PV F pF worgeneyerD vF relfenD rF wurk nd pF rildF Qh higitl olume gorreltion of ynhrotron dition vminogrphy imges of dutile rk inititionX en initil fesiility studyF Experimental Me-chanicsD SQ@RAXSRQ!SSTD PHIQF SQ PW F pF worgeneyerD rF roudhonD F gloetensD F vudwigD F oirndD vF virinndrsn nd iF wireF xnovoid morphology nd distriE ution in deformed rhi studied y mgni(ed synhrotron rdition holotomogrphyF PolymerD SS@PSAXTRQW!TRRQD PHIRF QH F pF worgeneyerD F illndierEhomsD eF fuljD vF relfen nd pF rildF yn strin nd dmge intertions during teringX Qh in situ mesurements nd simultions for dutile lloy @eePIQWEQAF Journal of the Mechanics and Physics of SolidsD WTXSSH!SUID PHITF QI eF wygotinD eF oropevD vF relfenD hF ränshkeD F fumhF i0E ient olume eonstrution for rllelEfem gomputed vminogrE phy y piltered fkprojetion on wultiEgore glustersF IEEE Transactions on Image ProcessingD PP@IPAXSQRV!SQTID PHIQF QP eF xeedlemn nd F vergrdF en nlysis of dutile rupture in nothed rsF Journal of the Mechanics and Physics of SolidsD QP@TAXRTI! RWHD IWVRF QQ F vergrd nd uF wF xielsenF hutile sher filure or plug filure of spot welds modelled y modi(ed qurson modelF Engineering Fracture MechanicsD UU@UAXIHQI!IHRUD PHIHF QR tF ehrensD fF qevei nd gF vwF riewX en indEser ool for vrge ht isuliztionF Visualization HandbookD ilsevier sfxEIQX WUVEHIPQVUSVPPD PHHSF SR QS F eyhitF he riew quideX e rllel isuliztion epplitionF KitwareD sfx WUVEIWQHWQRQHTD PHISF QT F eishigD vF relfenD eF llertD F fumh nd tF hikF xonE invsiveD threeEdimensionl xEry imging of pint lyersF Applied Physics AD IIIXWVQ!WWSD PHIQF QU iF ouxD wF hkoorD wF fernki nd FEyF fouhrdF e new (E nite element pproh for modelling dutile dmge void nuletion nd growthEnlysis of loding pth e'et on dmge mehnismsF Modelling and Simulation in Materials Science and EngineeringD PP@UAXHUSHHID PHIRF QV F ouxD pF rildD F iot nd hF fernrdF hree dimensionl imge orreltion from Ey omputed tomogrphy of solid fomF Composites Part A: Applied Science and ManufacturingD QW@VAXIPSQ!IPTSD PHHVF QW tF hindelinD sF ergndEgrrersD iF priseD F uynigD wF vongirD F ietzshD F reiishD gF uedenD F lfeldD fF hmidD tF F inE evezD hF tF hiteD F rrtensteinD uF ilieiriD F omnk nd eF grdonF pijiX n openEsoure pltform for iologilEimge nlysisF Nature MethodsD W@UAXTUT!TVPD PHIPF RH tF hindelinD gF F uedenD wF gF riner nd uF F ilieiriF he imgej eosystemX en open pltform for iomedil imge nlysisF Molecular Reproduction and DevelopmentD VP@UEVAXSIV!SPWD PHISF SS RI gF eF hneiderD F F snd nd uF F ilieiriF xsr smge to smgetX PS yers of imge nlysisF Nature MethodsD W@UAXTUI!TUSD PHIPF RP wF hkoorD eF fuljD tF xeggersD pF rildD hilo pF worgeneyerD vF relfenD wF fernki nd FEyF fouhrdF yn the hoie of oundE ry onditions for miromehnil simultions sed on Qh imgingF International Journal of Solids and StructuresD IIPXVQ!WTD PHIUF RQ F illndierEhomsD F ouxD F pF worgeneyerD pF rildD volized strin (eld mesurement on lminogrphy dt with mehnil regulrE iztionF Nuclear Instruments and Methods in Physics Research Section BD QPRXUH!UWD PHIRF RR gF gF snD tF F wF roefngels nd wF qF hF qeersF sdenti(tion of the ontinuum dmge prmeterX en experimentl hllenge in modE eling dmge evolutionF Acta MaterialiaD TH@VAXQSVI!QSVWD PHIPF RS gF eko£ gluD tFEfF velond nd F rdoenF e riterion for the onset of void olesene under omined tension nd sherF Journal of the Mechanics and Physics of SolidsD TH@UAXIQTQ!IQVID PHIPF RT F vergrdF sn)uene of voids on sher nd instilities under plne strin onditionsF International Journal of FractureD IU@RAXQVW!RHUD IWVIF RU F omi£evi¢D tF uodvnj nd pF rildF ghrteriztion of the nonliner ehvior of nodulr grphite st iron vi inverse identi(tion nlysis ST of unixil testsF European Journal of Mechanics -A/SolidsD SWXIRH!ISRD PHITF RV F edD vF relfenD F pF worgeneyerF snEsitu lminogrphy study of threeEdimensionl individul void shpe evolution t rk initition nd omprison with qxEtype simultionsF Acta MaterialiaD UVgXPSR!PUHD PHIRF RW iF erhulpD fF vn ietergen nd F ruiskesF e threeEdimensionl digE itl imge orreltion tehnique for strin mesurements in mirostruE turesF Journal of BiomechanicsD QU@WAXIQIQ!IQPHD PHHRF SH wF ogelgesngD F prgoD F pF worgeneyerD vF relfenD F dos nE tos oloD eF wygotin nd F fumhF elEtime imge ontent sed emline ontrol for smrt Rh Ery imgingF Journal of Synchrotron RadiationD PQ@SAXIPSR!IPTQD PHITF SI eF ek nd hF F ilkinsonF ixperimentl investigtion of void olesE ene in metlli sheets ontining lser drilled holesF Acta MaterialiaD ST@VAXIUUR!IUVRD PHHVF SP vF ueD tF pleskog nd tF F ruthinsonF ension E torsion frture experiments E rt ssX imultions with the extended qurson model nd dutile frture riterion sed on plsti strinF International Journal of Solids and StructuresD SH@PSEPTAXRPSV ! RPTWD PHIQF SU SQ uF F hngD tF fF fi nd hF prnçoisF hutile frture of mterils with high void volume frtionF International Journal of Solids and StructuresD QT@PQAXQRHU!QRPSD IWWWF SR pF uD vF relfenD eF tF wo'tD qF tohnsonD sF inlir nd F fumhF ynhrotron rdition omputed lminogrphy for polymer omposite filure studiesF Journal of Synchrotron RadiationD IU@PAXPPP!PPTD PHIHF SV
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