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CRACK DEVELOPMENT IN HETEROGENEOUS WELDED JOINTS

Abstract

The main goalin this research is the experimental crack growth analysis for
certain welded joint constituents of complex high strength alloyed steels, concerning
both the specimens and real structures, as well as the influence of crack growth on the
safety of the weled joint. In order to perform the welding of such structural steels, the
welding filler material is designed to obtain a somewhat lower value of the weld metal
strength than the strength of the parent metal (PM) (undermatching effect). The onset of
plasticflow in this type of welded joint occurs initially in the weld metal (WM). Thus,
plastic deformation in the PM does not occur until the deformation hardening of the
WM reaches the plasticity limit of the PM.

First, the finite element method is appliedaagaumerical tool, followed by two
experimental methods: the strain gauge method, and the digital image correlation
method. Literature connected to all the disciplines concerning this research has been
collected, studied and systematized in detail. Theemiffce in the welded joint
behaviour as a whole and its constituents has been analysed through tension testing of
specimens produced with both overmatched and undermatched weld metal, which is
important for assessing the crack growth resistance, sincagshmajor results on the
material behaviour of the loaded structure. In the effort to prove this assumption, at first
- based on experimental results the numerical simulation is performed by applying
ABAQUS software on threpoint bending specimen behaur.

The application of the finite element method has proved an acceptable weldability
of the undermatched steel weld and the resistance to crack growth and brittle fracture.
The possibilities for a fast and relatively simple model development are shown,
representing competent realistic specimen behaviour, both concerning stress
concentrations and deformation fields in external loading experimental conditions.
These models clearly depict the crack propagation.

The procedure for experimental analysis is medi and based on the results
obtained, the stresses and plastic deformations have been confirmed to reach the highest
levels at locations of acting loads and crack tips, as has been expected. Experimental
tests have shown that the maximal values of glagformation appear at locations of

applied loading in the symmetrical model, crack tip in the PM model, and instantly

Xiii



above the groove in the asymmetrical model. Plastic deformation values of around
0.225 appeared in the crack tip of the first two mqadstsle the plastic deformation in
the crack tip was significantly smaller in case of the asymmetrical model.

The goal in this work is to perform numerical modelling and present contributions
to problem analysis in the referent field, composed of pogahilior fast and relatively
simple model development, presenting a competent realistic specimen beli#&viour
concerning the stress concentrations and deformation fields upon conditions of external
loading. Numerical analysis may describe the crack projegair its extension from
the initial 2.3mm value. These results may also be used as the basis for further research,
dealing with the specimen behavior in fatigue loading, since i.e. pressure vessels
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®sMJ HO fj tfeddzitd %0 tfsetehdenC) tehizdbz Jte ddilz drojHjdkj SHES0EO <]
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tfiejlsmisHd EsGBE. 0 Yo j<0F j& edbjd) djsowo & CbhistizCyd 0%0 tfse<00 fj d
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Am090td 0 GOt 0wt 'Alexander Kiellan' o lsts0° jCls0 *rissdo[ 0" EzLtssS st jBO
HO MJ SO d & feihas’ fesyikd Le0y0'0 &iSdn L0a0ijkdn Mtfs' jo0 d < drset'
Eshs* ditsOHd. L MYz GOWsE:] YkokWistedsj, R000ld 0 S50 ‘j 1980. cSHA®R] SHEjZO
123 detlk0 ‘j HhijHY0 LOMGBEESe @S0 s tBdd@z tfiejykte  Gshoyo
zOsWistock jfi.[40]

12



Afbsotd bLtsS R0e0td J 0 JSO 'rhissid 0 1994. ek, SOHO ‘j Yscdies 910
tfizsidS0, “J Yeistflsti<i< J L0a0t jhise Mitfs'0 tlzydyd LO LOe00S J HisSiejlszdn ot0ls0
dLOLo0dts G ttestdhddd tlzCtse0< j&3 (ote0lsO &dhlz B0 Yisistlzus LOkosts j&0). 1866 Sotse
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nd Stedsdusd Zhizsed LO &6 dselz HIWAEholsd SOt g Miss 6HJ j HiM 090 &0fis tehkdi]
tfsH toOadtsls j>dedds Lidztsodcz0, BjL Szt ] Htotsds jd sslsOdzdz jdijtecd J.

duOLdLst Stelsse sEON0S0 kjz0 70 tehbdis: djrokdso dsko j shoskdid bt
se<gshsd & 5BjLB" jSk deketshsd & js0ttdn SshstkSyd0. ws0nHOEHIRO BS
7448 Partl [48]  ASTM E399[18] L0 tHtsj"do0<j dMdtzOethisd @0 tied tOodks'
HAWBteBOYd d, Klc, tiesydh t0Les'0 kdhjotsds-jzonsdydd Bir0GdS) esi0 (FcEr) 4
LOBCtez ji HES < jid Ytecdsjded 10 to jOas SsmistelzGyd 4.
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RIYdlscfo0< j jifslza jls0 70 Ylehbdasd sSOLE’ j E5C0kks JsEon0s j ok jisd 0k0 58
o670 etz of YstOLd SH e jistishis0aS,j HO *j dsOk jied] O jiftelze jisj HEOE PG
nise jds, NSt L0y HO T to jLizsOkd SOkt fsGON0S0 disclz st jisdte0lsd ctsBOtks,
SHESNES HO fij diisel G jYishie jHis i< jisd G0 SHEBo0E0 <t SatiseSyd L.

3.2.38Hj&0 tehid®0 ted0 tsdyd'd

Hehizdtz &z LO90t jeads ffts’ Jodcs0 Mg Hikd e 0 tfsLayd'd.4o fid Yoz sotfo | d
11 ‘0970z j z BJls0kziz P090. usdftf | *J Set0dkdy il ¢0 dijsoz P00, HES udtf 11 B> HO
fd Pdted dLedd & jlsok0 M0e0  shidksedd ol jted 0d.[49]
ehdd sdtfo 11 fj ‘0020 & SolzflsLehsd Jyuu-2. Hehidizd sdfo 1V &onso d
te0flslz 2 ENCs* Listkd Juu-0, & & jftshi jHEs  BdLdRd ct0kdy JLIvu. Iehide) sdfo
IV e juns0a™0'z GO sYonkd'd tBEdS fiehizdir) ‘Jte HSetH] HES ©0‘ej<j BtLd®:]
Wistegdte0< 0 tfieOLkdi0, Pists HisosH HES BieYj¢ @50, & tfistej” jSk 10 ditfdlsded< jd&
100 k2 fizy0' bz ts jLO00ts jtidR, Rstise jtfm jtftekzojis0. [49]
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i @\ /f/‘\lv

\
/

\ |
N[ /S

4dzd.CXB. 2 vdftsead fwmMdzddO[44 L OoOtj dsds Mfs & d

ehdh sdifo 1V 0920k fij & dusjtSedlsduss’ sBEOfsd Juu-0 & L0980t jkddb
Codstftsdz jdrls050, St te0H] Lk Eiitsaddz0 tlzL0<0. dtsh jk0 iz ditfdisde0<0 * jHsshdse
fzLos0 &0 L0o0tjhdd Jtftelzo 00 ©H  dOkjted 00 P91, M0  tOLzdydlsdd
CswdclztsOyd 00 M&zjso, k. M0 ‘JHldd L- MEistdk d HeBhsBEZEdE L - MdiBBdE.
rshas ' Hes LOSPEySo HO “j His dzsck0 Iz iodds jtftelzo0k0d0 [ tsjed d udfo 1V, d HO fiiz
tftefdzddzj SOS*" j BAkj uvdtfo 1V. Medzjhisds &z jlssH] Sohoybkdn jdjdjkols0, tfts jHodH jdd
iz fisy0° shisj<js0 Ss'd ‘j HEs0E0s jShfjtedds jdiskz. 3 Ozukdyd Hyde d Sun fiz
508" J YejHodHkd &t sdfo 1V 2 L0a0ts jedd yjodh0 sH djcktsj CrMoV teddjdsd
0k0kdLd ®Jr0GAS] BHsj<i<0 CshOykdd Jeidddisdao. JsCtedid hiz HO shlsj<i<o
(z0Ms0‘z 2 sBEOMsdi0 BEdLE Mtfs>dkd= totehdiz0 yiod d HO GOt jHEz'z CO kalzsk0. [49]
v0Cs"j Mz ftesojid dGdL 0GOEdLO SBOURdE JEjdJdsdi0 fedhiisd soy~0dkse
BsHjZ0[50] shisj<js0 d sisStedizd HO “j ots jHasHs Sotedh<jd0 LO WOCksts odh jshdkse
GOfsGNCse s0<0, U, tH ojedSse Loy thed fisjHod"0SE asSoyd'j k0 o 94S0
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Ciodstfisdz jz0s0 G0tte0o™ jkdn SH LOo0L jdkdm M’ jod BH yjzdSo M0 odhSsd NOHLXO i
Cr. Tabuchi ‘j tflesizy0e0ts Zsdyo® ftesyin0 LOa0do0<0 ¢0 d&sl udyo 1V tfte” i< Jog
IGO0 YlzL0< i 2 doCthhs L0o0iejdls” ‘JHaisEhds” Jttszejsd dhduiés’ dL htfis' jeo
L090t jldm 03 jlstsHORO GTAW (Gas Tungsten Arc Welding - ¢Ofidts dizybts LOaOtedo0< j
tungstenom) d EBW (Electron Beam Welding - L090tdo0< J JiCstetsdhCdd LsOSE).
JsStedizd Miz HO “J Iz Mizlzy0'z 5BO LO0EjE0 MYt'0, HE dSBO HENES 2 tejed 00 udyo
IV.[49]

3.2.1. stedo slstisteishisq G0 O Hihizdi

L dise] dOls jieq] Ocfds0 oS McLOashisd di<j 7l ‘Oadsd COORsEEWOLOG tists Hisd
SHiG " jlis” ote juishisq mdd CTOD. p0Sad dolsjied 0td <j ] JsSOLOd ©ofst<t T
Ctedolz, SH S5'j f1j otejHEShsd md CTOD e j<090'k 10 6ORssE feftdtj. L ftzy0'L
5,500, 160Miskz<0 T Stocfod * j SBAYMES 0,jLOGO LO 0 d fe0ns0S j BCes-tie0Ltkdo.[49)

sdzd803. zj&OLMSd fds oL m ki ezl Stdo j

O hkdyd 3.3 v tyikks’ WoLd HIWBEEOY]'d, T Steded 'j St o jtelsdCoudOo;
tftodfilzsOd j b jLz0lOd teOhls Stedo ik jH LOSE o0 0. w0 Hfise <0< jds ote jHdshisd
ddls Jete0tz0, HsEOL HE EsSOtdEe EsRO £ diokjted Otz ¢0 otnz tiehkdd, d tiehkdho
OMls0a0 HO &OtfiejHz' j. LMEZIH ©OMO T Stedod, Ytyjlsdkd tohls Yiohbdl) J sBAYES
MisOBqt0d, Okd & jhisOBdhdsh)s fj B> Codisd & Condkd dd WOLOM0. Jjtsj< § Mdtoetshisd
B0 Jic ‘d HIWAGAhOGs BRdLE didyd Oyd'd fisOBdhdse ©0Ms0 tiehiddizd. IHsjydLod
e jaizis0S 2 Sk tsud < J w0mls fehkdizd ‘J sBduis shj HiWdEdnok. sos gishizjHdyo
Ists60, HJWdddyd 0 ote jHeshisd Jic “d k2 0 jzdSt’ ted fesdLotd, hkduks SOt d cte0ddyo
bjuJ<0 ted HJWBEROY'd H 0.2%. JHGso0k0 z<0 ofjHlishis CTOD BidLiz
diedyd Oud'J fisoBdidse oSO fshwdid § SBJEIMIES N0 HY Hejk0 P jteduSdd d
AtedlsOdhCdas fisOdHOLHIRO difdisde0< 0. [49]

25



3.2.2 alsOydistz0tedz . ttemdzddz

—@

4 dzd. 804 . vIsdyoO®  dzOMIsd ydesmisd dals jfug’ dd dBEHARIRBO L
teOL 4% O,

WO hkdyd 3.4 'j P jkokhSd tedCoLod Zsdyo® fuonsdubthisd &0 &otslk k& otnkz
fehedizg; log(Syy) ‘J edCo0k & sHEShZz &0 d&sed0tdLte0nl ZHO™ jhshls BH oter0
tisfidfiz]. SOLOSk jtecfiscfut0 LB L0 HizX Al L SHESe0E0 o jtduddd SebstelzCyd J; &0
tfeqdzte, L 3> Yte jHiisOa?0kd Hiz>dllkz &dc0dsjdis0 B L Hiehizddj. HedCOLOE *J fizizyd"
5Jyi <0 a3t teOLBted, GHJ Mz EZhtsed & etenk tiehizddi sCO0Ck jedhokd M0 s d n. ¢St
fd e jlstfishisOad dshslsshs, SooLdhsOsdySt ttfls jtj<j<s j, sBEOfhs £ C's’ Hsddddte0 n
5’00~z j M &z HkOhsdyds” Liskd, 6HJ JEonsdudd hdhekeotdisjls odhj ¢j 90xd. JBEOMS
CsdOytd HIWBLEOYD'd 00720 My &0 ZHO? jdihisd JHEOSE tiedBRdMES 2a tH oterd
tfohizd®zd, cHJ tedhizihses o jedSdm HIWBEEOY]O ydied mtt kistdz &jo0xj<td. L
sJy i<z g0tzdr eOLBjte0, s ‘JHEBLEOGS SO0Sk jedM | htse j  oterlz tfehzdd ], ZtfteCsh
Yd< jiedyd HO Mmddczzoedisjls & tshss'd hoj HE MOdse ond Hiehidl). WO Mizduod
Goydd, m) ‘JHEsLEOYhs COw0Ckjtedhj Ehdsej & etenkz ftehddij ktfeCsh ktdj it
fzOhlsdydshls HIWBEEOYd'd d fisjistfshis0es0 s B0kl HIWEEEOYd 0RO &J 80> Zhizsote
tsBEOMisd CsBOvGdR HJWSEdYd 0.

Log (L)

Log (r/L)

4 Zd35V s yO' f dz@i#fs dfuskEgn k0] & d2Q ddD dstsk 2 f o fydzd daj
§ zOMmls d ek nls
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L HEYO'E kjui0 8 j<dn BOLBE0 LSO 3.5 L6k SEOGAR HiWsEBOyd0 Uihsoj
L0V BO Iz sts* jS 2 10 L, of odhj tj tshsts‘q] sBEOAs * jHEGSLE0YdES 5COEOCK jsqiokO
s jeteOtscs. JLin0GASO Esd0 RO *jHadd Y00k sesd tiejflso’j HO o0Md & fitzy0'k
5US0 oj<dn 6OLAE0, o Ctedlscut otsjHESTISY MYESOLE L Loadidshls SH o jtdudt] d
cdsizdisted 4.[49]

L BHisj" jlacds SBWAEEOUT 00, S d ) LG iz LOGjk0sdet &GO,  Giksel<j ‘j
sydosd YskONOS] Yds< ‘jHbse YOEOhjse0, ShdE  HEno'l ojsd0 dodse
5l j6j<j<0. WO Hiedte, Yisy0 SHlsjiaj<jt0 &0 LOsJLOS j 10 tehcist S0 HetskoLd
CletsL Yt < jblz HiB otz i G dsis>i SYAROA * jHidds YOwOds jitetsts, BAES HO f)j &OH
os duedm

L O’ BjUjT0 dOkdR LOLBJED, rs = K, Bj"lsAd, rs tijiis0’j & bsie ikl SOH
HLOnsuB0 LsGO SBEZReOsd LSkl & S5's* HEkdkdd jtonsdudd dkeztoedsjs. 1560 &
C's' HEddtd NISBAydS K60’ j Hiz|j SH LG jEohsdutse hdtekeotsds jio.

3.3. SBistestdfoGd ofs Hishkdt,
e jd0 OckBjlsdBO & HABIGLYOGO HOSAR b HejsrsHasnt Hidk kiShso, m
Ctistestdiotd Ehtsed Nz edistd b ol fsOydstost iehtdlj (SUsiti<ibi
Gsistsistststs o SoOLAfsOAuSH), sk s jstishis0oSsd HO * j SBEORS o jkdSdR HWEEEOYd 0
BOL0 & SHESE GO 6000GNS] HABIGLY' j it MO dehbcliss. wisoBdtskd EONs diehtd],
() lsqds, kosHd ‘B jHbl HABBL]E HEdE), k. Yeshitt Hde) dehkdt)
SHESZ G0 sy stz ots jHdzshs. [49]

M JeE0t dij<j oS SOw0Sk jisdholsd khise & atnl et b fikyo’ joddo SOHO
'j tfteciizsOt LGOVO'Ods 10Rls Yishizeltsj & tsHishE GO 16000GNSS HAdjdLd’j. e smsHdd
oMl fiefkdtsj &j BJ btjBOES HO kO Gjfses™0n sy’ & ydiss juohsdudsd
G50ls jio] Octz, ) SBLAESE HO EECORHO Y50 & atshl et LOodh HOdS H ksts jdrizisdn
o0, Jj"bsdds, tiejsnsHE0 dijssed 0 Zsdyj 0 GOk d HiWsERoyd'j & Ofss-
EORsuBds B0l e 0kdt0. JMJds SYiSdodlsd HO kjsed'0 nmdiksjce0td §onk]j &
izkzv0'z SodBABOYT § LEOVO' G Yomscydeshisd of tsORisO Ytefizafts. [50]

3.3.1. Je0hdy < j olsm0 diehidij b fekyo'k bjyi<o o jtdSn 0L 0
L fzYO s ju <0 GOt LM jte0, *jHOG YO0t jisots (. s , mefzg] CTOD) *j
HISa 0t HO )} 5S0E0Sk jedE Eised k& atsnl Hihidisj o ds>id i Sstedfisdlsd SO
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Ctedfis jted "z dztsck0 djLODCMO SH 6 jisds jisted” . Jjr0GISO b0 MO * jHEJE o0k jistesd
e dfis0°J HO 80X d I tftscfhiziiselz fLieOM Jdzd YkOnsudshisd, d > dkzoesh)s ¢sf0 Loadhd tH
odedudzd o ejsddltedJ difflsfobiz] JYtizoglsd.[51]

iedd b s isted J aded’j Sedo<o SoSs Bd f)j tetydtds G0ttt £ o jzdStl BEs 2
eOLedydisdm Se&WdekzteOyd'0 k£ fizzyd'z tOedse fisO<0 HjWstBOyd'd d Ehksedno
itz Heonsdhshisd, Hehis J HE &JSdn BH tejLizdls0ls0. Hejg0 Ok0kdisd dddidj
CdLos 0, fisyd LO LOkJLOS j MO HEzBBS® LOEjLdd0 MO B MistOd], SHEX000 odhsSe
Gdots besthEshsd k2 Ehksedk0 sktzds fizonsdykdd Entsed®o, S0Ss HO fiz Zhksed &
otenlz tflemizddz] fezdydd sidd0 &z Hkkzy0 'z siyjs o d3okdn teOLsitsO.

Adsyd 10 dodubsts tehudisd duisyiko hled 0k HsoLoz0 hiz djhiks ¢O<d
tfste0hls &0tsk0, Idsy0 MO yidisteoddsd tehkdhss dLisyieo ydhsss LokjLoSEz &d'j &
MisOS Iz HO BHiexd LU0 & Iz stesshsh)s & Zhdsodi0 itz gizohsdydshisd.

Jod tejLizdlsOsd ZCOLE'Z %0 bt HO, 2 filzy0'z gokited 0k0 & S&'dio fd &j 0970
sYath<000<j Iz Efdsodd0 tekyizese kjyjso, ¢ofskd Bhdiz owr0 tfhidh ddhkz
‘JHdEhse j&d, oj< LOadhj BH 6jsdjlsd J. e jB0 zsBduO ' jedl tiedhsizdd0 djr0hkdS)
5030, ™0 GOYsk0 d HjWBsted0yd'0 &0 oj<dds ZHO™ jhshisdd0 sH oten0 tfiehkdi] disclz
LOadMdisd H 6isdlsted d, 0kd s jissHiis0o 0 fd HO 570 BEdLE otr0 Hehkdd ko
hdublz Wsthlz &z hodd SskwWdekedyd 0k0 C°J Iij dsekz hoihlsd &0 ‘jHOE YO0 jisote.
e jstfshis00C0 & “jHEsE o0 istz sydetiHEs &) 90xd L0 &Objted 0k BJL
sYotsN<000<0 2 Ehksodd0 tislstflzzj tfazohsdudshisd, fistscd Pkt >0 BizdLlz oterd
LOadhj sH ShwWdelzeOyd'j. rdzOatshis k0, BjL tBLAWGO &0 Ists HO &d *j sYdhek0 0 ms
dizd CTOD, 50S" j t3tste0 LOodhdlsd SH Ss&wWdekzs0yd J. [51]

ABoBEi<d 5 tetedddyPa0<z L0a0tk ? dotshisd B Jis0k0 did Ejckzte0, 0‘a0Ltkd 0 ‘j hSushshis
shisotse GOk jted 00 SO Y 0ad Hiehizdh0 & Lishkd fisH Zsdyo' jis ksl . Ishiss’j Hoj
clolztfj tftohizdd0 C&°J fiz qLOLo0dG ) eOLzdudisdds ZLetyddo, uinks djLoadhdkdd ‘jHEdn BH
HiczGdm:

1. Mehtzddzd £ GOsjed Otz N0e0, St'j fj Btk tBteOLEo0Gsd & Bos” Lstkd L0o0tk jkse
htfs0, & ojid fiz MO CoOwdlsdltsds HBHOKGEE di0kjted 0RO dizd JejSktesHy $Os d Mo
htzsedds0 dretsh j< 0 M0etse0 d tiedhkzhsosd ctejN0So, 2C Y00, & jnkzteto0, disH.

2. Yehkdt] &z shbsodsd GOl jted 0tk tBtedLEZ'z ] &z Lishkd tisH Zsdyo’ jds sstfislsj did
ce0Gdyd ©OMsOyos0 0 Ehkse?jkj Mz GjHsos?dsd L0l ?dosh<kz shisodkse
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GO e 00 ok WOSksiedfk0 Swissisd. L GJCdE YO’ joddd HELOL]  HE
CONYEshisde0S 0 Yhkdt dL ‘ jHlj Listj I Hisketz.[52]

I's S qrEote SBEOLE00S 0 GO YiN<] HstOLd tied 5P jE0lkis0t0 5§ 2004k, 0 & G jSdd
izk®’ jodds 0 08 d st g j 1ofse0 Y] dietsh jSO LOs0ts jse fits 0.

3.3.2315°000 Ytedizdf0 &z gOls dted Ozlz N090 o Shdzsodksd G0k jted 0klz

L bsCEz BYatth<0e0S0 0070k Ny GICtestehizdh) St'J N £ Lskd LORhsOfo<o,
zew0ods®s, tiellsolsd k2 tiehkdi] tsH Zsdy0’ ik &0t jL0S0 did knkiH e0HO Ndtej<0
ey 0<0. [51]

L SBEdSE “J 8Ost 05 dLki  LOs0kde0hdn Eddste0 oj<j SH 4 HE 5 mm, tfs'000
tehzdiz0 J ojs0 ojedCo. Mehkdhkd fi &O'€0Chj ‘0070 tiied BELBE BSHOO O
JjSliesHy sH M090 d G0k’ Lot jddhd HESHOLGSE Osjted 0k0. 0 Bd fd dLBj6dS
SBOLEO0 j Yehizdd0 & Cokjelz tsktejeks J TGOS dsd &ofski hSEY050 k
BOkdted Ozlz N0s0 LO SOl jte0, MBAMJ<Jds BELAl) ~EZO™J<O BSHEE0E0 Z<ds
e jHote JoOS jd3. w0OCB™J diselz<j ‘J MBOSJSJdi EZsdyo'0 e0Lidyo<0 dodyd >djso
ditfiejH SteOlsjte® tted Istsdzj MO’ <d teOfyss' 0 j dLkj*lz LOoOkda0hdn kddsse0.
JBek<i ‘J toj<osd d Ssududklz HsHOLGSE @0k jted 0z0 did tsej<Okd mtdSj<j
CteOls jte0 d30ks jtod Os YtesHEddds ISt J< Jds jeziShstesH].[52]

tehd & shbsodsd GOk ited Ottz, &ofs0kj & Lstkd tfisH Zsdy0’ if kstfisis], SOt d &
cteOddyd e0misO0< 0, dsselz HO BizHE teOLEdYdE Ltz jHO. SOHO fj &0k & & jttshis jHdts"
BdLdhd cte0hdyd LonsOYo<0, esCozdLsa0ik) iz z Sekdiduidkdds Lottejdd@os0 d tilssts
dued 0’z &0 tfsetehdiz. M jlsdCotd] tehided, 0020k fj tej"J. Istejydd tfiehddd
09”0k fj EnziH GjHses dse Colkdlkjkd shisedkse 6Okjed 00 did odhsSdn
nstfilse jizdm &0ttsjL0S 0. LLEtYd EONsORSO Hehzdhko diselz Bdisd sBAUER (%0 $&°J Zsdykz
CstesLd 0 dizd BjL GOYte jLO< 0, BJjm0kdySd LOdsted, ctejN S &z kdil, fedhizhisets Gotsy0
itz jH 902050 dizd sBEdSEe0<0, dsH.) d BjsOdiztsznCd (Rjkd iSd MomisOs thtsodse
BOkJted 00, ®©BLOLEEOSJ Mthsojidn ®OESHO, tHiedhizhises osHERJSO). LIAYO'

osHBHACO tied iso0E0S Iz tfehici0 “j tfecd jts osHstkoydk Selsshisd fied s jdstjts0ktzs0d0
€0 200Ag.[51]
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3.3.3 sdz &0 d Ylets’ jCsts00< j

Jhisod0  COLOCh itediisdSO O jted 020 ftod el JSs00SE ‘j GOYsH. StH
o JChs00<0 tfied EZno0 0z diOlsjted 0k0 94<ic &OYBHO 5jui“0 Re 5°. 9j<j LOjLdj
Yoteflss<j Ry, HEB 0z M GO J HO®JGL] J HJEZO. stH MOetsjiikdm yJedSo odhsSd
Yowefiss<j Ss'd dBO‘z ¢ofsd jui<0 BEALOS LObjLES  ysothss<d, @Otk ksjyjso
HIWd&dNJ M GoYtksd SHEe " jhdd L0 Ehets'Jkz ojtdydhd HEonsduizd HIWEEEOYd
(Getfts. Roo.2). JHih &OYBh0 sjyi<0 d diSlzhiseddise fisiyjk0 hekzistshisd, ¢d'J HEoB PhE
tfslzLHOG 10 fisOdztsodsO LORKjo0 Iz tiscizjHlz yotehists<.[53]

C2Ohisdyd0 d Yzohsdudko HjWistedsOyd 0 fj sHESNj &0 ydisOelz Cdstfist jdlstz, SHGShES
%0 < ji0 BOCEENSEYNSO HisHislzy 0. SOHO fiseOtetd GOt it jH Sisdyjdistoyd’ j Gotsno,
sCORGs HEhsdek) Gdos oYk sjyjso, SOHO fj zohsdudko HIWEEdEOYd0 dLi>i0e0
hodss dsCords (G4 &Sw0 Bdsd #OLEzhjk0 ~tdteinshs o CtByoSkEshs HiZ0). |
Gjtfslstfzdse did tltlzagse dsh0 dsMj Hs<d ted ojzdSad htfs<S jd stfisjts j<j< L.
6H Gjtsisyadn Eshksd YisHE0Lz® jo0 fij czedlsoS Rsksejushsd d disjctdls s b
fishiss 00 Htefidied iz jH yd'J eOLed jashisd &d'j fij &d'j Hshis HE fisktzase dsdo.
Aslstfizdzd dsds fj dssyg YsHeOLEzd jollkd czadlsOS OLHOO 0% j Sdtshjdis] %0 &0'GO< j
Hoj & jLOod ] yjtdid, L czBdlsoS WdSydiskoddshisd.

YOS &0 d bl ZSOLz'z &0 &0 dLtedx ik EsSordd SOOSkjt BCS otnd
tfeh@dtg, s histelzCllzte0 d0lsjted 00 odhj difs000 Esdyd' &0 tOLet” kRO Gics GO
0Lt HjWistesOyd' j. Iy koS d teoLets ash0 & Sz jtdyd d j 1o s 0ot ditftejH d k2
BEdLAhd oten0 tfiehkdt] (SO cizjHO 2<d), Is*. & YisHiskzy dd0 o jshk0 Gokdn HdBjdLd 0
(BdSteszilte0) &z sHEshEz 70 GoCeshCsyhCddl HA®R kL] 0RO Stdtfsdjds) (HJhilsdd0
Gdkdas jls0t0). & sBLdtsE HO “J tOLet” tiehidh ks, SOHO ‘j &30Stk @sd Jtfekzodlsj d
Codtfsdzjdalsj htso™ jb dsCOthdd Yoy jhdhkd (ZSzYho sitistedshls CodhstzSyd hSse
Jjdsjtis0 LOadd sH EsCOLhdR tfistsjdj<0'0). 000 theshizdid did ditfisistizgse ¢sko
HistZhls j0 “J %0StEk tfslzLHOGEe Zsots™ o0 0 HO fj GOMSOROS tftehkdlk) ki<j ketsLdlsd
ddisJeteds jls SdmistelzCyd J Gdisd <j fd tOLodlsd HE flsfldse Esk0. oot dsko ‘j
5’000 ‘Ofds SHoB j&0 SH s 0o HIWSLdOYd 0. W d'd dr dsekz<d wOLHos disd (ki JH
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