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ABSTRACT 
niis ptpcr dcscrihcs a rhrcc-dimcnshal finitc clcinent iwlel Ibr 

calculation of (la residual s i r a s  dirtribution causcd by rcpair wclding. 
Spccial urcr submitiam WCIF developcd to simularc thc continuous 
dcposition of filler irielal during welding. The model was thcn rcstcd 
by simulating thc rcsidtiul srrcsslstmin licld of n FeAl weld ovcrlay 

cliltl a Z'/,Cr-IMo stccl platc. fur which nuutrnn diffraction 

Iitcasurein@.tlt data of thc rcsidual strain Iicld wen: wv!iilahle. It is 

shown tlmi thc calculated rcsidual strcss diaribution was consinlent 
with rhui cleterinincd with ncutron diffraction. High icnsik: ruidual 
ztrcs*cs in hhlh llic longitudinal and transvcrsc dimlions wcrc 
ahscrvccl around thc wcld toe at the end of the weld. 'I'hc strong spatid 

depcndcncy of rhc rcsidunl slrw.c$ in the region oiwird the wcld 

tleriiansrratcs that thc common twvo-ilimcnsionn1 cruss-seciion finiie 

ckmci~  models should not bc uscd for rcpair welding analysis. 

INTRODUCTION 
Thcrc 118.): frcn significant a d v i v l c c m  in chc dcvcloprncnt of 

computational rirudclr in evaluate midual svcsscs in wcldcd 
muuurcs  {Hibbitl untl Muwol. 1973: Arpyris, ct ai.. 1982; Lindgrcn 
and Karlsson. 1982; :rnd Gnldak. 1989). Although threc-dimcnsional 
madcis arc nvnilnhlc (Krirlsson and Jowliiort, 1990; Tckriwal and 

Mazumdcr. 1989), most praclical cnlculotions have heen carried our 
wring various two-dimcnsionrl cross-section rnodcls. because of the 
limita~ion of computational rcswrccs in IIW psi .  The cmst-seetian 

ttwfcfs N'e baaed on rhc hypothcsir that thc dcformwtion OC I weld is 
iwo dimcrisionnl. satisfying thc planc strain or gcncralkd p l a c  u r d n  

conditions. 11 ~ S S U ~ C S  that ikre i s  no ail-of-plane shear strss 

mmpncnis. and thc CWSE w t i o n  plnne does not wnrp during healing 
and cooling cyclc of welding. These assumpionr imply that the cross. 
section moclclr arc limited LO the situations where geometrical 

similarity cxists along thc wcld dircction. for cxamplc. in thc rcpicws 

around the middle scctin~~s of b41g. sicaighi single and multipass wlds 

(Josefsron, 19863 lceurtg and Pick. 1990: and Shim CI ai. 1992). Thc 
calculslcd residual 1 1 ~ s  rcsults wcrc foiriid in rea%imnl)Jc nprcemcnt 
with Expcrimcntal mcasurcmcnu in thosc cascs, Anoihcr iypc of 

problem that has hew investigated with two-dimcnsion niotlcls i s  spoc 

welds (Mahin d ai.. 1991: and Feng et ai.. 1995). whcrc axisymmctry 
exists. Again. in hoth studies. the calculated rcsidual clastic strain 

dirtritwtions w c n  in nnsonablc agfccmni with the expcrimcnttl data 

obtaincd with ncuiron dilfraciion. 

ln simulating wclding proccsscs rhai involvc filler nictal 
&position (for cxampk. GMhW and SMAW). propcr tmimcnt 01' 

the continuour fillel inctal depoaitioir iquircs  spccial considcraiions 

in the rormulxion al' n~imericil solution stratcgy. A viricty ot' clcmcnt 

rcbinll/rc-aclivcl!inp ttxhniqucs tias hcca nilempied to addrcss ihis 

irsuc. In gcncral. dcwmination of thc clcmcnt rc~~ i ivnt im scqilcnco 

prior to an analysis is nccdcd. 11 is also common to rcuciivirc i11I ~lr 
elements representing one weld pass at oncc cithcr hcforc that pass i s  
l o  bc ihpozitcrl or HI n prc~lcicri~iirietl Liiiidtcmpcratur~ iiistanl during 

welding id thc pass. in d c r  IO Funher r&ucc: the complcxity 

asmjuied with lhe grndual clerncril rcactivalioii sclienw that is 

physically iwrc epproprinic, T h i s  procedure is qtiite 1cdiDu.c hui 

gcncrally nmnagcablc for thc IWO-diIn~Si6llRl models. 
Thcrc have bccn fcw models that hl will) repair welcliirp 

situations. In many instmccs. cracks initiaic ai ik regions w n ~ i i n c l  ilic 

weld cndr. It is thus important for an FE d c l  lo providc rcnlislic 

residual sums inforinauon at thesc critical locations. 11 is cxpccicd 111al 

there would be rignilicant shear stress componcnis normal to ilw 

cross-seaion in the regions srowid rhe weld cnds. Thus, thc two- 

dimhisioriil Lwss-scction modcis do no1 apply (Cioldak CL ai.. 1986 

and Wang cl al., 1995), and thm-dimcnsional models are nccesstry. 
In such cam. clemenu rcprcscnting thc filkr maal nccd IO k 
Individually rcacrivarcd only whcn rhcy cntcr rhe niovirig weid p o l .  

in ordcr to simulate Ihc physics of ihc process approp'iaiely. 'Ibc 

"The submitted manuscn'pt has been authored by a contract01 

ofthe U.S. government under contrac( NO. DEACOS- 
960RZ24.54. Acc~din& the U.S. Govmentretains a 

nonexcl~ive, royalty-tke license to publish or reprodwe a e  
published form of this contribution, or allow others to do SO, 

for u.s Govwmcnt puIposes." 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



Figure 1 A schematlc drawing of ?he specimen used for 
residual stress analysis. 

aforcmcniioncd manual clcmeiit rebirth pfcccdurc in prhciplc npplies 

10 simulatc thc wrtinuous dcposition 01' filler mctal as thc wclding arc 
moves rhiaugh. In pmcrice. howcvcr, ic b m e s  exrreincly difficult fu 

implcmenr in thrsc-dinic:~sional models (Tckriwd and Mazumdcr, 
19139). bccsuse ihc clcmtnts representing onc wcld pss  cannot be re- 

activaicd & I 1  mgahcr at 011ce. In oddition. aumcrical Jificulties may 

a h  occur in t b  tnccbmicrl analysis upon clcmcnt ractivntisn QUC 10 

the dispiscmenl mismatch hetween h e  dclormcd clcmenu 
reptesenting rhc weld that alrcady exis1 and the frcsh undcformcd 
clcmeois thai arc jus1 rcaclivatcd. In S O ~ C  Mher studics. the 

cuntiiiuooc mad deposition is simply iynorcd by leaving the filler 
mfral cloiileirls in rhc wlutina domain all thc I i m c  (Dighdc et al., 

1~93). A problem with such ireatinern is that the high sIiflncss of a 

filler mctd clcnlcirl prior to its deposition distuihs thc deformation 
paiicwm in the adjwenl region. 

An objcctivc ol' this study is thus to develop a finicc clcmcnt 

IiiciJCling algorithrrr which handlcv thc nmtiniac>us tneurl deposidon 

auiawatically, This is nchievcd by thc use of a special user marerial 
pnywtty suhrwdnc in which clcmcnls rcprcrcnting Itre weld inewl am 

assigncd in hvc thc rigidity of the air, Thc lruc malerial JIiffnerr is  

rcsorcd only whcn tlre element cnlcrs thc moving w l d  p00I. 7hc 

algorithm is p w r a l  arid 1101 IiiniEd to thc rcpaiir welding situation. It 

can bc cnsily adapt4  in other rillfile or multipass wclding 
applications. l l ~  algorithm was implemented in a commercial finite 

eleineni cocic. ABAQUS, by means of user subroutines. The model 
was thcn tcstd in !his study by simulniing thc nJdun1 strerdstrain 

~icld of n FeAl wcld overlay clad on a 2'/,Cr-IMo s~ecl plnle. for 
which ncutmn diffraction mciisurcmerll dale ol' the refiidual wain ficld 
wcrc availablc. 11 i s  shown [ha[ thc ci1lcul8lcd residual m e s s  

disiribution was cc~iiristetrt with that Jctcrmincd with ncumn 

dilfraaion. 

MATERIALS AND WELDING 
A schematic drawing of the spccimcn uscd for rcsidud otrcss 

analysis is shown in Pgiin I .  The si72 of the Z-I/#-iMo slccl plalc 
WVILS IOl.Gxl0l,6n12.7 miit (4x4xIl2"). ?'he rtccl plrtc wils given Y 

W a r d  normalization (I lir. ut 9 U K  i 1 hr. YI 700°C:) ~GU- 

treatment prior IO wclding. The weld fillcr mctsl wux mi &A1 &by 
with P nominal cornpusition ol Fe-34.0A1-4.4Cr (al %I jFe;U)AC5Cr 

(w%)). FcAl was clad on rhc surfwe of h steel using thc m u d  

GTAW proccts with stringer hcad. Thc welding direction in Figure I 

was from Icn 10 right The welding pnraoieters varicd during wlding 
bccausc of ihe natwe of manual welding. The lravel s@. c u r r u ~ ~  and 
vbliage ranged bctwccn 0.84-1.7 mws (2.4 ipm), 100120A. and 10- 
12V. respectively. Averagcvl valuefi wcrc uscd in the finite clcmcnt 

d e l .  To avoid Ihc formation of cracks in rhc wcld metal. the accl 
plate was prchcad  to 350°C. The weld had. approximWy Y.2 rnm 

widc and 55 mm long. was lvcaled 011 thc ccntcr of rhc sled pialc 

wrfwc, 

NEUTRON DIFFRACTION 
The detcrminaiion of rcsidual strcsscs by oeutron diffraction i s  

hxd un the measurement ol thc louicc strain. c, using a D r a g  

reflection h 1 n  the crynallinc spccimcns (Spooncr CI al.. 1'133 and 

Root CI 81,. 1993). According to Brngg:'s law. 

whcrc 2, is  the natron wavclcngih, d and 20 are. rcspcctivcty. !he 
lauicc spacing and diffraction nflgle of thc rcflccrion nf imcrcst. From 
the measured lauicc spacing. the 18(liCC wain is calculated wing thc 

qualion. 

where 4 is the unsuesscd lattice spacing. For a givcn spcfamcn 

oricnltllion, the strain caniponcnt piirnllcl lo thc scattering vector is  

rmxisurcd. Wain mapping is accomplished using a thrcc-dimmionxi 

mslation stage mounted an thc sample table of L)Ic namon 

diffrwlomer. figure 2 illufitretcs the cxpcnmcirtal arrangmnl in thc 

prcsent study. 

Thc residual sIrcss rnci+surenients wwc condwld a1 lhc Iiiph 

flux Iswnpe Keactor of Oak Ridge National LAlbum~ury. Incidalt 
ncuirons of 1.614 A wavelength were selected from Lhc (1 I 0)  

reflection of M beryllium single crystal monwlromator i~ a takc-off 
angle of 90°. For both the steel plate and thc FcAl weld. diffracrion 

from ihe (2 I I )  crystallographic plane was used. At cach locah,  n 
dffraciion pcak profile was mcordcd with an ORDJ5U lincar 

podiioa~rcnsitivc dctoctor. The rccnrdcd pcak profile was firred with a 

Gaussian fundon IO yicW the position (2@, inirmity. a d  the width 

of the peak. For mapping in thc sled. vertical slits of dimcns im 2x2 
nun' and 2x30 mrn' were inscncvl before and a h  c h c  spccimcn. 

respectively. defining a sampling volume of 2 x 2 ~ 2  mm'. A 6x6~50 
mm' coupon at from an identical vtccl pleLe was used to d u m i n c  
the de <if the steel. For mapping in the FcAl weld, rhc sampling volume 
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Figure 2 Experimental 6dup for neutron diffraction based 
strain mapping. 

was 2 x 2 ~ 5  mni'. defined by pair of vcrticitl sliis with the dimensions 
2x5 mm' and 2x30 min'. rcspcctivcly. Thc composition or \he R A I  
weld mid chnnywl froin that of FcAl fillcr rod duc IO thc dilution 
heiwccn thc twsc steel and rhc FcAl fillcr. A rcfcrcncc rpccirncn for 
the -AI wcld w t r i i a t  he rnadc without cutting thc spccimn. 

llowcvcr. sincc thc thickness of rhe wcld-ovcrlay was smdl (-1 mm), 
i t  ir wamahlc to nmiinc that the midual succs slaw in lhc PcAl wcld 

is  t+asial. I n  this caw, rcsitktal straiils in the FeAl weld w m  nbtaitlcd 

w1t)ioiri the need of x rcfcrcrtcc bpeciinet\. 

FE MODEL 
mC thcrmoinechanical bchavior of lhc wcldmcnt during wcldini: 

call hc siniulntcd using the unmuplcd formulation. bccaurc Lhc 

diniensranal changcs arc iicgligible and the mechanical work done is 

i~~~igt i~f icar i t  cornparcd to the thermal energy from he  welding arc 
(Ilibhitt and Marcal. 1972). A icCCrtl rludy (%rg el ai.. 1995) ustila 

both IIir: couplcd and uncouplcd inodcls for lhc sdmc GTAW sprA 
wcld on sleet disk providcs furlhcr c v i r l c r m  that supports rhc validity 
d thc 1111m1plccl approach. 

in thc uncoupled Corrnulation. thc hciil tmsfcr  analysis wds 

decrmplcd from llic niechanical analysis. Howevcr. the fnrmulaion 
considered thc conlrihulinfi. nF the traktient temperature field tn stress 
analysis rhrnugh chcrmnl expansion nrtd volur~letric clianp, as well 8s 

tcmpcmtuw-dcpcmlency of ihcrniophysici and nlcchanid pruptrtics. 
'lhc solution pmecllire was in principlc similar 10 rhosc u r d  in 2-D 
FE analyscs of wcldtrrg retidual smss and dismriion pmhlems 
(Josefmn. 19114; and Feng u al., 19YS). The Leinperature history 
during wclding and subsequeot cooling of the weldment was 

calcuisred first, iiidcpcndcni from thc mhmical analysis. Thc 

tcnipcraturc histwy HS crlculntcd in !he heat innsfor analysis was thcn 

u s 4  as a thcrrnal load in thc suhscqucnt mcchanical calculation. 
'l'hc finitc clcmcnt d c l  was consin-I actording to thc nbvc  

cxpcrimcnlal csscnlhls. 'I& wldrncnt WHS mcshctl usiilg H riadc brick 

type clcmcnu. For ihc mcchanical analysis. rcdwai integration arld 

hnurplasr control wcrc adopcll. Thc moJcl conxistor1 of ahaur 4500 

clcrncr~ls. with finer clelnenls in 11x wcld and adjaccnl rcb' 'tolls. 

'I'cnwraturc-dcpcndtnl thcrmophysical and rncchanical 
pmpenies wcrc uscd. ?%cy wcrc collc~iml frcwi minus xourccs 
(Maziast C( d.. 1992; Poncr and Marissz, 1903; Schrreihcl. 1494: and 
ASM, 1990). For simplicity, thc cffcct of wcltl dilution on thc 
propertics changes was ignored. The thcrmal conductivity of both rice1 

nml FcAI above their respective melting icmpcralurcs was nrtificially 

incrcawl to coinpciisdlc fnr Ihc convective hcat i r w f c r  cffwt in 1hc 
molting wcld puol. Tlic rrwltariical constitutive behavior was ussomcvl 
to bc ratc-indcpcndcnt clasto-plns\ic o ~ i w  hhcyinp thc von Miscs yicld 
crilcria and assbciatcd flow rulcs. 

In \lie lies iranrfcr analysis. thc hcnt from ihr moving wcldiiig 

arc wibs npplicd as a volumctric hcai source. taking iiri cllipsnidal form 

proposcd by Goldak et ill. (i9W4): 

wkrc .  ihe arc efficiency. q. was assumcd io hc 70% for tlic 

manual GTAW process, Thc ctrarncicrirtic parameters (a. b, c) wcrc 
takcn 10 bc 4.5. 4,s. and 2.5 mm mpcciively. Tl# cmrdinatc systcrn 
is dcfincd in Figurc I ,  7 % ~  7 A  plant i s  coiircidciit with thc intcrl'acc 
bctwecn the stccl platc and ihc FcAl wcld. IYw flux w n ~  only 

applied IO ihc z<O =mi-infinb spacc fix.. in iiic sicel plaio only). duc 

lo erlcrgy cnnscrvalim cnnsideralion (Gold& ~ 1 ~ 1 . .  1984). 
The clemts llral represent t k  wcld kcad always caisl during ihc 

tirat trnnsfcr asnlyaia. 1 lowcver. ttic thermal cnnductivity tind thc hcat 

capacity of h s c  clcmcnts wcrc first assigrid to sinall vilucs to 
repwent the cxirtcncc of thc air. using thc ficltl varinblc coiiccpi in 

ABAQIJS. niey wccc swilched hack to thc actual propcriics of R A I  

yir iiilcgralim point hatis when an integration point cntcrcd a rcgion 

or 10 mm in Jimctcr from thc ccti~w of' tlie rtmving welding arc. as 

thc wclding arc passcd through thcsc clcmnrr tliiring Ute c<)ursc ol' 

wclding. This trcaimcnt irnplics that thc cffccis of mnvcaion and 

radiation in the rcgion occupied by lhc wcld clcmcnls 1cX:iltul in fnint 

of the weld p I  wcrc no1 itlcludcd in thc model. 

Similarly. in the mechanical analysis. ihc m 4 c l  fist nssigncd n 

.sei nf aitificiai, very aoft properties Cor elenlcnu :hat arc to hc wcldcd 

later, Thc rlcmerws wcrt Ihw switched back to thc actual propatics on 
intcgrvion point basir as thc material at thc intcgratiorr p i n t  htgaii 10 

solidify from thc wcld pol. I n  ordcr tn avoid numcricnl convcrgcncc 
pmhlems, the rwitching wns d m  based on the tcmpcnuurc at 

inteymlion point, not on tho localitm mlnlive 16 the ccntcr ol' the 

wcldiiig arc. Thc ccason is that thc tire of ~ h c  wcld pool vnr id  diiring 
welding bccaurc of Ihc initial and tcrminal trnnsicnl ieinpcmlurc 

stages at Ute wcld cads. 111 addition, t 1 1 ~  uiircalis!ic plnstic strains 
accumulated prior to the. swirching wcrc climinatcd wilhin ~b 



incrcrncnt in which the rwiichinff rook plrrcc. A UMAT uscr 
suhrciutinc was written f i r  ihis purposc. 

RESULTS 

Comparisons hctwc.cn the newon dil'frsctian inwwemcnt and 
IC finilc cleinenl inodeling rcsultr arc mndc on lhc elastic strain &sin. 

As nutcd by Matiin ci ol. (1991). ibis i s  to avoid amhipitics in 
coiivcrting strcsscs from rhc mearured elastic strains. 

Figure 3 shows thc comparison of the longitudinal elastic strain 

componcni iienr the mp sudacc of thc slccl plalc. The rreutmn 
diffractiun data were nbtiincd at ihc planc of r d  mm hcnealh the 

rurfacc. whcrcns thc firtile clcmcnr analysis rcsults wcrc fur thc z=-l.S 
and -3.0 mm plancs. rcspcctively. Note that thc ncutrun diffrrtion 
daia aclually rcpmcnl nvcr-8gcd values of a 2 n m  thick 1ayc.r. overall. 

ihc liniic clcmcni rcsulls and thc ncuiron diffraciion dam arc 
conrirrcnt in icrrns oC thc gciieral main distribution paitcrns as wcll as 

lhe inngiiiludc or ihc slrains. According to the calculation, ihc 
maximum and minimum longilridinol elastic strains ore about 14x10" 

and -81 1 04, respectively, whcrcas thc c o ~ ~ p o n d i i l g  incasured vaIues 

arc 12x10' a n c ~  -6~10'. 'rk transitions from .lension strain mne LO 

comprccrsion strain z&xe are also cornparablc, Thc rc&n [hac exhibits 
the largest Jiflcrcnccs is Incated beneath the wcld whcrc dc FE mJcl 
ovzrimdicts rhc mcasurcd values. One possible reason is due to lhc 

ncglcct of the dilution cffcccl of wcld maal in the FP. ~ n d e l .  which 

mdy sigitificnnily i l l e r  thc mcchitnical pmpxtitr of the weld meUl and 

thus fhc slrcss equilibrium in thc sumunding regions. 1i dwld he 
nnted that ihc incchmical propcnics of Fchl alloy arc gcncrally vcry 
sendtive io ihc chcrnical compaqicion diangcs. A n o W  passiblc cauw 

could he that cxpcrimcntal coirditiniu were no1 well caitr<)lM during 
~ h c  rnsiiitol welding. 

Cutripfiiisons betw&n tho bmvorse elaaic strain cnmpnent in 

thc siccl plaie are illuktntcd in Rgurc 4. Only linlr of tle ~ I R L C  was 

nwasurcd wilh wwan difrraciion. Again. thc FE model wgs &le io 

prdid ihc pcrrcrftl disrribution paticmi and rnagniludcs of lhc 
irilnsversc strains ws rirssurcd by ncutmn diffraction. A noticcable 

din'ereim was in ihc zcgion beneath the weld stan where high tensile 
sirailis were mcasurcd w h c m s  mrdertlte mmprcrsion strains were 

calculiwd Punhei. ntldy is being conducted to revcal thc cnuses of 
such discrcpuitcy. 

Stress Dlstrlbutlonrr 
"hc finiir. clement mdcl prcdictions of thc ovcrsll nridutll stress 

distributions in hoth the steel platc and Ihc FcAl w ~ l d  arc shown in 

Figurc S. Thc norinftl dress component Q,, is smd1 cvcrywhcrc in ihc 

spcimcn. As for thc longitudinal strcss component a,,, rhc FcAl wcld 
metai expericnccs high awl uaiform tensile stress. 'he regions in the 

stwl p l a ~  Ixneath ihc w d d  elsa draw ienxile &tress. lligh tenfiik 

rcridual siresseq in Ihc base S ~ C I  plnic around ihe weld tncs at b t t i  

wcld cnds lire clearly obscrvcd, indicaiing rhcse regions tm prelcrrcd 
fnilurc situ from h e  sIress vicw point. Pnrticularly. in comptirison 

w)th ihc stnniiig cnd of thc weld. greiritr tensile stress wneniralion 
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appears in thc siccl plaic ncar thc l'inisliirig cntl. This ir cnasistsiii widt 

the ot,st.r vaiion that thc finishing cnd of i )  weld is  more xurcaplible lo 

fntiguc crack initiation. 

flrc disti'ihutias of ihc transvcrsc strcss cr, is yuilc Jiffcnnt. Thc 

mngniiudc arid the s i p i  nl' the transvcrsc strcss dcpcnd strongly upon 

thc location in ~lrc rcpiotr beneath the wcld. High tcntilc strcsscs arc 

coi?ceiiuad arwnd thc finishing a ld  01 the weld. whereas (he 

Iririisvei*e ~IICSK. around ihc stadng cnd of thc wtld arc low, or even 

iri compression. 'I'hcrc is also significmi in-plmc shear slrcss u,, 
around both ai&% of the wcld. Bur it dirninishcs around thc middlc 

scction of the weld. Clenrly. the s ~ n l ~ g  asymmetric distribution of the 

transverse and in-planc shclrr S{WSH;S irrdicatm the necessily of using 

~l~rcc-d~~nca~innal models. 

SUMMARY 
111 iliis study. thc rcsiduil sws ficld of FcAl cladding on a 2- 

I/dCr-IMo rteel was simulated using h e  finilc clcmcnl mudcl in 
which ihe cnnrinuous deposirion of FcAl during wclding was 

simtclwtul. Re mmputcd clastic strain distributions arc gcncralfy 
consislcnt wirh thc nailrun diffrastian mapping reSUit6. 

Both UK finite ckmcnl anaiysir nnd thc nciilron MFraaion 
rneaiurcmchc rcvcal that tensilc longitudinal strcsscs cxisl in ti= vcld 

metal and the surrounding arcas. Thc disvibuiion of the iwn>vwe 

stress i s  highly dcpcndcnt upon the Icxaricm. I'articularly. tkrc an? 

high lensilc longitudinal and transvcrsc residual SII-CSSW; nrourwl the 

weld (ne I thc cnds of fhc %&I. 
Tlw stmng spaial dependency of msvcrsc r\nJ in-pliinc slwrsr 

sfrcss along Ihc weld dirrcliori indicares tlte Iwodiniearional cross- 
m i o n  m&ls arc no ionpr Hpplicnblc nnd ihrw dimeiisionol madclo 
have to bc uscd in o& to ohlairi vidicl rccitltid stress intortmiion ai 

thc wcld wnl rcgiwis w k r e  crnck ini1intic)n i s  d t u t  O ~ ~ S C I  vcd. 
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