YHUBEP3UTET Y BEOI'PALY
I'paheBunckn pakyarer

HACTABHO-HAYYHOM BERY

Mpenmer: Pedepar o ypaljenoj nokropckoj aucepranuju kanauaara Mupocinasa Mapjanosuha

Omrykom HactaBHo-HayuHor Beha I'paheBunCcKOT (hakynrera YHuBepsurera y beorpamy Op. 329/9-14 on
24.03.2016. roguHe, MMEHOBaHM CMO 3a WiaHoBe Komucuje 3a mperiien, OleHYy W OI0paHy MOKTOPCKE
nucepTanmje kanaunata MupocinaBa Mapjanosuha 1o HaCJIIOBOM:

HEJIMHEAPHA AHAJIN3A JAMUHATHUX KOMITIO3UTHHUX IIJIOYA U JbYCKH CA
JAEJIAMUHALIMJAMA NIPUMEHOM METOJAE KOHAYHUX EJIEMEHATA

JlokTOopcka mucepTaliyja je HalMcaHa Ha €HIJIECKOM jJEe3UKY Y CKIIaJy ca yCjaoBUMa Mel)yHapoIHOT MpojeKTa
SEEFORM vy okBupy Kora je aucepraivja ypahena. HaciaoB mucepranmje Ha €HTTIECKOM j€3HUKY TIIACH:

NONLINEAR ANALYSIS OF LAMINATED COMPOSITE PLATES AND SHELLS WITH
DELAMINATIONS USING FINITE ELEMENT METHOD

ITocne mpernena nocraB/beHE OUCEpTalMje M APYTHX mpartehnx MaTepHjana ¥ pa3roBopa ca KaHIWAATOM,
KOMHCHja je cadyrHuIa cieaehn

PE®EPAT
1. YBOJ

1.1. Xponosoruja ogo0paBama U U3pajae AUcepTaluje

- 13.12.2010. romuHe kaHmuaaT je ymucao [loKTOopcke akaaeMcke cTyAwje Ha [ 'pahjeBUHCKOM
¢daxynrery y beorpany, Ha ctyaujckom mporpamy ['paheBuHapcTBoO.

- 02.09.2014. na cemnuiu Kareape 3a TEXHUYKY MEXaHUKY U TECOPH]Y KOHCTPYKIIMja KaHIUAAT je
M3JI0KHUO TIPEeNJIOKEeHYy TeMy JOKTOpPCKE JucepTanuje moj HacinoBoMm "HennHeapHa aHanmmsa
JAMUHATHUX KOMITO3UTHUX IUIOYa M JbYCKM ca JieJIaMHHAIMjaMa MPUMEHOM METOJie KOHAYHUX
enemenara". Komucuja kojy je oopazoBano Behe Katenpe mpuxparuiia TeMy JOKTOPCKE TUCEpTAIIHje
U TIpeUIoKIIa KaHAuAaTy Aa TeMy npujaBu HacraBHo-HayuHoM Behy 'paleBunckor dakynrera.

- 03.09.2014. xammupar je mpHjaBHO TeMy JOKTOpcke amceprandje HacraBHo-HayyHoM Behy
I'paheBunckor dakynrera y beorpany.

- 11.09.2014. HacraBao-nayuno ehe I'paheBunckor ¢akynrera y beorpany umenonaso je Komucujy
3a olleHy MoJOoOHOCTH TeMe M KaHAuIaTa JOKTOPCKE Aucepranmje y cactaBy: npod. ap DBophe
Byxkcanosuh, npod. np Bpanucnas [lyjesuh, Prof. Dr.techn. Giinther Meschke (Omyka 6p. 329/4 on
12.09.2014.).

- 18.12.2014. HacraBHo-Hay4Ho Behe I'paljeBunCKOT (hakynTeTa y beorpamy nmpuxBaTHiIo je H3BEIITA]
Komucuje 3a omeHy MomoOHOCTH TeMe W KaHAWAATa IOKTOPCKE IHCEpTaIldje W CBOjJY OITYKY
noctasuio Behy rpaheBuHcko-ypOaHucTHUKMX Hayka YHuBep3uTeTa y beorpagy Ha naBame
carnacaocta (Ommyka 0p. 329/6 ox 18.12.2014.).



- 25.12.2014. Behe rpaljeBuHCKO-ypOaHUCTHYKHMX Hayka YHHBep3uTeTa y beorpagay nano je
CarJlaCHOCT Ha TMPEIIOT TeMe JOKTOPCKE AucepTaidje mox HacioBoM "HenwHeapHa anamm3za
JAMHHATHUX KOMIIO3UTHUX IUIOYa M JbYCKM ca AellaMHHAaNWjaMa MPUMEHOM METO/e KOHAYHHUX
enemenara" (Omiyka 6p. 61206-5922/2-14 ox 25.12.2014.).

- 14.03.2016. noxTopcka aucepraiyja je mpeaaTa Ha Iperiea U OleHy.

- Ha cemuumu Op. 6, oapxanoj 24.03.2016. romune (Ommyxka Op. 329/9 ox 25.03.2016.)
HacraBno-nayuno Behe I'paleBunckor daxynrera y beorpany nmenosaino je Komucujy 3a oneny u
on0opaHy JOKTOpCKe Aucepranuje y cienehem cacrany:

0 Dr.techn. Giinther Meschke, penoBau npogecop, Ruhr Universitit Bochum, Institute for
Structural Mechanics,

0 np bpammcnas IlyjeBuh, pemoBHu mpodecop, ['paheBuncku (akynrer YHHBep3uteTa y
Bbeorpany,

0 1p Mupa IlerponujeBuh, pemoBHn npodecop, I'paheBuHckn QakynreT YHHBep3UTETa Y
Beorpany,

o ap bophe Jlahunosuh, penosau npodecop, PakynTeT TEXHUYKHX Hayka YHHBEpP3UTETA Y
Hosowm Cany,

0 np Mapuja Hedoscka-anunosuh, nouenrt, I'paheBuncku daxynrer YHHBep3uTeTa Y
beorpany.

1.2. HayuHa 00JIacT aucepraiuje

Hucepranmmja kanammata MwupocitaBa MapjanoBuha mpumnaga HaydHoj oOmactu ['paheBuHapcTBO, yka
Hay4yHa oOmact TexHWYKa MeXaHWKa M TeOpHja KOHCTPYKIHMja. 3a MEHTOpa aucepranuje oapeheH je mp
Bophe ByxkcanoBuh, pemoBau mnpodecop ['paheBunckor ¢dakynrera YHuBepsurera y beorpamy. 3a
KoMeHTOopa mucepranuje umeHoBaH je Prof. Dr.techn. Giinther Meschke, pemosan mpodecop Pypckor
yHHBep3uTeTa y boxymy.

1.3. buorpadcku momany 0 KaHAUIATY

MupocnaB Mapjanosuh pohen je 8. janyapa 1986. rogune y YikuIily, TI€ je 3aBPIIHO OCHOBHY IIKONY U
TUMHA31jy TPUPOTHO-MATEMATHIKOT cMepa kKao Hocwian murioMme "Byk Kapanwmh' 3a yueHnke 0CHOBHHX,
Kao U 3a y4eHHKe cpeamux mkoia. OCHOBHeE akageMcke ctynuje Ha I'pahjeBuHckoM ¢akynrery y beorpany
ynucao je mkoicke 2005/06. roguue, a gumomupao je 2009. romune Ha Moxymy Konctpykmwmje, ca
IPOCEeYHOM o1ieHoM 9.56. Jlumnomcke akanemcke ctyamje Ha ['paheBuHckoM dakyntery y Beorpany ynucao
je mkoncke 2009/2010. rogune, a aumuiomupao je 2010. roquae Ha Monyny Konctpykuuje, ca mpocedHoM
oueHoM 9.71. 3a wm3y3eTHe pe3yarare Ha mpeaMmeruma KaTeape 3a TeXHHMUKY MEXaHHKY M TEOPHjY
koHCTpykija, 2009. romumue je mobuo Harpamy I'palheBunckor ¢akynrera y Beorpany, u3 ®onna
npogecopa Jlymana Kpajunnosuha. lobutHuk je Harpane Pernonamne mpuBpenHe Komope YiKulle 3a
Haj0oJbE CTYNEHTE — TaJICHTe ca moapydja komope 3a 2008. roguny. JJoOWTHHK je BHIE CTHUIICHAMjA 3a
MMOCTUTHYT yCIEeX Ha CTyadjama. Bume myra je moxBajbmBaH of crpaHe I 'paheBmHCKOr (dakynTeTa
VYuuep3ureta y beorpany 3a u3y3eTas ycnex TOKOM cTyaupama. TokoM OCHOBHUX aKaJIeMCKUX CTYHja Ha
I'paheBunckom dakynrery Mupocinap MapjanoBuh je OMo aHTa)KOBaH Kao CTYJEHT-IEMOHCTpPATOp Ha
npeamernma Madopmaruka 1 u CtaTuka KOHCTPYKIH]a.

Jokropcke akagemcke cryauje Ha ['pahjeBunckom daxynrery y beorpany ymnucao je mkoncke 2010/2011.
roausne. [Tomoxuo je cBe ucnute npeasul)eHe HaCTaBHUM IJIAHOM ca MpoceyHoM otieHoM 10, a 2014. ronuHe
omoOpeHa My je mH3paza JOKTOpPCKE AMcepTanMje moa Ha3uBoMm "HenuHeapHa aHanm3a JTaMHHATHUX
KOMITO3UTHUX IIOYa M JBYCKH ca JelaMUHalldjaMa NPHUMEHOM METOJe KOHAYHHUX eleMeHaTa", 1oj
MeHTtopcTBoM Tipod. ap DBopha Bykcanoeuha u Prof. Dr.techn. Giinther Meschke-a, ca Pypckor
yHUBEp3UTETa y boxymy.



TokoM pelloOBHUX CTy/H]ja, Y 2 HABpaTa je yuecTBOBao Ha JIeTHUM Hikonama "Vibrations of Structures due to
Rail-Road Traffic" y opranuzamuju I'paheBunckor ¢akynrera Yuusepsurera y beorpamy n Texamukor
YHuBep3utrera y MunxeHy. Y CKIomy m3panae Mactep pama TokoMm 2010. rommHe, y4ecTBOBAo je Ha
MehyHaponHoj neTmoj mkonu "Model Validation and Simulation" Ha Bauhaus Universitit Weimar. Y
neremOpy 2011. roguae nmoxahao je paguonuiy "Scientific Presentation”, Ha Ruhr-Universitit Bochum.

On nenemoOpa 2010. roqune 3amocieH je Ha ['paleBurckoM (akynrety YHUBep3urera y beorpany y 3Bamy
aCHCTEHTa - CTyIEHTa OKTOPCKMX CTyIWja 3a YKy Hay4yHy obOnacT TexHMYKa MeXaHHKa M TeopHja
KoHcTpyKiuja. Ox n30opa y 3Bame acHCTeHTa — CTYACHTa JOKTOPCKUX CTyIHja OJp)KaBa BexOama W3
npeamera CraTHka KOHCTpyKUHja, MaTpuyHa aHann3a KOHCTpyKHja u [Ipumena pauyHapa y IpojeKTOBamby
KOHCTpYyKIHja, Ha moayny Koucrpykuuje. Takole je aHrakoBaH y HACTaBW W Ha JPYTUM HpeAMETHMA
Kareape 3a TeXHHYKY MEXaHHUKY U TEOPH]y KOHCTPYKIIHja.

Opn 2011. rogune je crunenaucra y mehjynapogaor nporpama SEEFORM (South Eastern European Graduate
School for Master and Ph.D. Formation in Engineering), xoju ¢unancupa DAAD, Hemauka. ¥ oxBupy
mpojekta SEEFORM  je y TOoky mpeTXomHE YETHPU TOJMHE IPOBEO YKYITHO 7 MECENH Ha CTYIH]CKOM
ycaBpmiaBay Ha Ruhr-Universitit Bochum (Institute for Structural Mechanics), kox xomeHnTopa Prof.
Dr.techn. Gilinther Meschke-a. Ilopen Tora ydectBoBao je Ha Lecture seminar-uMa 3a CTyJEHTE JOKTOPCKUX
CTyAMja Y 3€MJbU M WHOCTPAHCTBY M CEMHHapHUMa 3a CTYJCHTE TOKTOPCKUX CTyAuja y opranuzanuju RUB
Research School na Ruhr-Universitit Bochum.

Kananpaar je uctpaxusau Ha [IpojekTy MuHHCTapcTBa IPOCBETE, HAYKE U TEXHOJIOWIKOT pa3Boja PemyOmnuke
Cpbuje TP 36048 - UcTtpaxkuBame crama U MeToja yHarpehema rpal)eBUHCKIX KOHCTPYKIIMja ca acrleKTa
YIOTpeOJLUBOCTH, HOCHBOCTH, EKOHOMHUYHOCTH H ofipskaBara. Kanauaar je 2014. roquHe mojaoxuo CTpyIHn
UCHHT 3a Tpal)eBHHCKY CTpyKy — obmact rpaleBmHCKe KOHCTpyKuuje. Uman je [pymrBa rpaheBuHCKIX
koHCcTpyKTepa Cpbuje, Cprckor IpyIiTBa 3a MEXaHUKY | pelleH3eHT 3a: International Journal of Mechanical
Sciences u Science and Engineering of Composite Materials.

2. OIIMC JUCEPTALIMJE

2.1. Canpikaj nucepranuje

Hoxtopcka nmucepranmja "HennHeapHa aHaim3a JAMHUHATHUX KOMIIO3WUTHHX IUIOYa W JbYCKH ca
JlelaMyHaIFjaMa TMPUMEHOM METOZe KOHAYHHX eJeMeHaTa" HamucaHa je Ha EHIJIECKOM je3WKy, Ha 251
crpaam, caapxu 80 ciuka m 27 Tabena. IlomesbeHa je Ha mBaHaecT moryaBiba: 1) YBom; 2) Ilpermen
NPEeTXOIHUX UCTpakuBama; 3) Ommra JaMUHaTHA Teopuja Iio4a; 4) AHATUTHYKO PELICHE Yy JTUHEAPHO]
IuHaMH4Koj aHanmm3u Heomrehenux rwiova; 5) Hymepuuku (MKE) monen; 6) Konraktau anropuram; 7)
[Ipomaranmja nenamuHanuje; 8) AHanM3a JaMUHATHUX KOMIIO3MTHHX JbYCKH; 9) OO0jeKTHO-OpjeHTHCaH
pauynapcku nporpam; 10) Hymepuuku npumepu; 11) 3akpyuny; 12) Byayhu pan. ¥V cnucky kopumihene
nuTepaTtype Hanasu ce 157 pedepeHuy Koje neTajbHO MpHKasyjy TPEHYTHO CTambe y HyMEPHUYKOj aHaIH3H
JAMUHATHUX KOMITO3UTHHX TIJIOYA U JbYCKH ca JeJlaMUHaIHjaMa.

2.2. KpaTak npuKa3s moje/IMHavYHuX MMOTIABIha

YV yBOIHOM TOTNIaBJbY, NeUHUCAHU CY OCHOBHHU IIOJMOBH TE€OPHj¢ KOMITO3UTHHX HOCada M UCTAKHYTA j€
HEOITXOHOCT (hOpPMHUpama IMPEIM3HOI HYMEPHUYKOI MOJeNia 33 aHAIN3y JIAMHHATHUX KOMIIO3UTHHX H
CEHJIBMY IIIoYa Ca I10jaBOM JellaMUHaIHnje, Tj. MehycoOHOT ollBajama MOjeMHNX cliojeBa. [IMcKyTOBaH je
YTHLA] JelaMUHALMje Ha CMambelme KPYTOCTH IPU CTATHYKOM omnTepehemy M NpoMeHy (peKBEHTHUX
KapaKTePUCTHKAa KOHCTPYKTHBHOT €JIeMEHTa JaMWHATHE WM CEHABUY IUIoYe  TNpU AMHAMHYKOM
onrtepehewy. HeratuBHu edexTn aeraMuHanuje MpeACTaBJbalkl Cy TJIaBHH MOTHB 32 Pa3BOj HYMEPHUKOT



Mojelnia Koju he nMaTi CriocoOHOCT Ja aHamu3upa omTeheHe TaMUHATHE KOMITO3UTHE WIIH CEHIBUY TII0YE
ycen TuHaMu4IKor onrepehema.

Y HacTaBKy IpBOT MOTJIaBJka je KPaTKO HaBeJeHO Jia he ce HyMepHYKH MOJIell 3aCHUBATH Ha pemery Ommire

JaMUHATHE TEOpHje IIoda Kojy je mpemnoxkno Reddy, npumenom Merone konaunux enemenara (MKE), ca
y3UMameM y 003HUp reOMETpHjCcKe HelIMHeapHOCTH pema von Karman-oBumM mpernoctaBkama. Hymepuuku
Mozen koju je mpemnoxuo Reddy (J. N. Reddy. Mechanics of laminated composite plates: theory and
analysis. CRC Press, 1997.), a xoju je yHanpehen ox crpane Barbero-a (E. J. Barbero, J. N. Reddy.

Modeling of Delamination in Composite Laminates using a Layer-Wise Plate Theory. International Journal
of Solids and Structures 1991, 28(3), 373-388.) mocityxuo je ka0 OCHOBa 3a Pa3B0Oj HYMEPHUYKOT MOJIeNa
MPHUKA3aHOT Y TUCEPTAIIH]H.

Hpez[nonceHH HYMEPUYIKU MOJCI PCATMCTUYHO MMPEACTaBJba KUHEMATHUKY I1JIOYE Ca ILCJ’IaMI/IHaHI/IjOM " y3uMa
y o03mp mpomaramnujy IeTaMHHAIMje Yy CBOjOj PaBHHU ycle[ JWHAMHYKOT onrepehema, MCTOBPEMEHO
cripedaBajyhu Meh)ycoOHO mpekaname CyceHIX CI0jeBa Y 30HH IeJIaMUHaITHj€.

VY npyrom moriaBiby AT je Tperiie] MPEeTXOJHUX NCTPaKHUBamba y 00JIaCTH TeOpHje KOMIIO3UTHHX HOcCaJa,
KOja Cy peJeBaHTHA 3a JOKTOPCKY aucepTanujy. Ha moderky mornasiba cy mpuKa3zaHd HEAOCTAIX TEOpHja
II0¥Ya KOje Ce 3acCHHMBAjy Ha jeJJHOM EKBUBAICHTHOM clojy (eHr. equivalent single layer theories), n
HCTaKHyTa je moTpeda mpuMeHe clojeBUTe (EHT. /ayerwise) TeopHje miioya 3a KOPEKTaH ONMUC KUHEMATHKE
CJIOjeBHUTHX IUIOYA ca AeJaMUHanujoM. JlaT je XpOHOJIOLIKY MPHUKa3 pa3Boja Teopuja Iuioya ca HajBaKHUjUM
pedepennama. [lpukazana cy oarosapajyha HymepHuuka peniemha 6a3rpaHa Ha METOAW KOHAYHHX eJleMeHaTa
3aCHOBaHAa Ha OZroBapajyhum Teopujama rioya.

AHanu3oM JmuTepaType, KaHAnAAT je JOILIAa0 A0 3aK/bydka Ja MOCTOjH BEIHMKH MPOCTOp 3a yHampeheme
HYMEPUYKHX MOJIea JAMUHATHIUX KOMITO3UTHUX JbYCKH TIPUMEHOM CJIOjeBHTUX TeopHja 1iova. Hamwme, 1o
caJia MpHUKa3aHu HyMEPHUUYKU MOJICNIM YTIIAaBHOM TPETHpajy HeolteheHe Jbycke, INTO je HABEJIO KaHuIaTa
Ha WIejy Ja HyMEpHUYKH MOJeN JaMHHATHE KOMIIO3WTHE IUIOYE MNPOLIMPH HAa AHAIN3Y JIAMHHATHHX
KOMIIO3UTHUX JbYCKH Ca TPHCYCTBOM JellaMHHanuje. Y TOCIeImbeM Jely Ipyror MorjiaBjba KaHIuaaT je
ucTakao oxaronapajyhe mpemrHocTH mpuMeHe 00jeKTHO-OpjeHTHCAHOT PavyyHapCKOT MporpamMa y HyMepH4IKoj
aHaJIM3M KOHCTPYKLHje MPUMEHOM METOJle KOHAYHUX eJeMeHaTa, HAPOUHUTO y CIIydyajy jaKo CIIOXKEHUX
MoJelia KOjU 3aXTeBajy 3HauajHO BpeMe MpopadyHa yCcJIOBJEEHO BEIUKAM OpOojeM CTeleHH cI1000/1e cucTeMa.
Jlat je XpOHOJIOIIKY NpUKa3 HajBaKHUjUX 00jEKTHO-OPjEeHTHCAHUX COPTBEPa U IBHXOBE CTPYKTYpE, KOjU Cy
HOCITYKMJIA Ka0 OCHOBA 3a IPOrpaM KOjH je KaHAWAAT Pa3BUO y CKIIOIY U3pajie AUcepTalyje.

VYV 1pehem mormaBby par je npuka3 Reddy-ese Ominrte JiaMUHATHE TEOpHje IUIOYA: MPETHOCTaBKE M
orpaHUYEHA, Be3e u3Mely mosba momepama u nedopmariije, KOHCTUTYTUBHE pelialiyje 3a I1ojeAnHaYaH CJioj
W YUTaBYy JIAMUHATHY Tutouy. JleTalbHO je mprkazaHo M3BoheHe jelHauMHA KpeTamha MPUMEHOM IPHHIIUIA
BHPTyaJTHUX ToMepama. M3Bemena je "strong" ¢opmynanyja HEIMHEAPHOT TUHAMUYKOT TpobiemMa u
MpHKa3aHa peayKIFja ommTer npobdiaemMa Ha onropapajyhe npodieMe Teoprje KOHCTPYKIHja: TEOMETPH)CKU
HEJIMHEapHO W JIMHEeapHO CcaBHWjame, JMHEeapHO u30oyaBame, CJI000JHEe BHOpanuje, TEeOMETPHjCKH
HeJMHeapHa U JIMHeapHa JUHAMHYKA aHAIN3a.

VY 4eTBpTOM TMOINIaBJ/bY NPHKA3aHO j€ aHANUTHYKO peuierse OIIITe JaMUHATHE TEOpHje IuloYa IMpH
JUHAMUYKOM Hampe3amy HeowTelieHe, IpaBoyraoHe, CI0O0IHO OCIOmEHE JJaMUHATHE KOMIIO3UTHE IUIOYE
ca BJIAKHUMA YKpWITEHMM mon yriaoM on 90° (eHr. cross-ply). Pa3smatpan je nuHeapHH OATOBOP
KOHCTPYKIIMje, a CHCTeM MapuyjaTHuX Iu(epeHIujaTHuX jeTHauYlHa KpeTama je PeAyKOBaH Ha CHCTEM
oOMYHMX JudepeHjaTHuX jelHaunHa 10 BpeMeHy mnpuMmeHoM Newmark-oBor moctymka. Onrosop
KOHCTPYKIIHje (ToMepama, Op3uHe u yop3ama) Mo0HjeH je mpuMeHOM Navier-oBor peliemna, a HaKOH ToTa
CpadyHaTH Cy HaIlOHU 110 1e0JbMHY JJAMHUHATHE IUI0YE U BbUXO0BA IIPOMEHA y BPEMEHY.

VY meToM MoryiaBJby MPUKA3aHO j€ HyMEPHUKO pelere OIITe JaMIHaTHE TEOpH]e II04a IPUMEHOM METOIe
KOHauHUX eneMeHaTa. V3BeneHa je "weak" ¢opmynanmja HenmHaeapHor npobiema. [Ipukasan je mocrymak
noOujama MaTpHLE KPyTOCTH, TE€OMETPHjCKEe MaTpHIle KPyTOCTH, KOH3UCTEHTHE MaTpPHUIE Maca U BEKTOpa
CHJIa CJIOjeBUTOI KOHAYHOT ejieMeHTa ca MoryhHomhy onucuBama KHHEMAaTHKE JAejIaMUHaLlje yBOheHmeM
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JOJIATHUX CTETNICHH CJI000JIe Y YBOPOBHMA KOHAYHOT €JIEMEHTA, 33 MIPUKa3 PeaTHBHOT TIOMepama CiIojeBa y
omreheHo] 30HM TuIOYe. 3aTHM je OMMCaH TOCTYIMAaK A0OWjara H30IapaMeTapcKor YeTBOPOYTaOHOT
CJI0jEBUTOT KOHAYHOT €JeMeHTa ca 4 i 9 4BOpoBa, M OMHCAH je mpobiieM shear locking-a xoju ce Moxe

JABHUTH NP MOJENUpAY BEOMa TaHKHX I1049a. ONMcaHy Cy HUBOM HyMEpUYKe HHTETpaIije KOjH ce Mopajy
MPUMEHUTH Kako Ou ce oBaj mpobiieM ennMuHUCcao. HakoH Tora ykpaTko je onucana assembly mponenypa u

naTe cy MatpuuHe jeqHaduHe kojuma ce y MKE omucyjy paznuuuTi npoOiieMu y TEOpHju KOHCTPYKIIH]a.

Omnwcad je mocTymak 3aJjaBama FPaHUYHUX YCIIOBA 110 IOMEpambUMa, a 3aTHM j€ ONUCAH MOCTYTAK pelaBama
cUcTeMa jelHauuHa 3a cTaTHuke (time independent) n nuHamuuke (time dependent) npobneme. Hapounra
naxkmwa nocsehcHa je OMMCHBamky pelllaBama FeOMETPHjCKU HETMHEapHOT IMHAMHYKOT Ipo0iieMa Harpe3ama
JaMUHATHE KOMIIO3UTHE TUIOYE U JIaTa je Mpoleypa peniaBama.

Y miectoM MornaBiby, AETaJbHO j€ WIIYCTPOBAH UTEPATHBHN KOHTAKTHH aIrOPUTaM KOJH j€ UMIUIEMEHTHPaH
y HYMEpWYIKH MOJEN, ca IHWJbEM eIUMHHAIje MeljycoOHOT mpekiamnama CYCeTHUX CJI0jeBa Y 30HH
nmenamuHanpje. Ha jemHocTtaBHOM mipuMepy, ca ¢GopMaau3MOM IIO3HATUM W3 MaTpUYHE aHaIH3e
KOHCTPYKIIMja, ONKCAaH je MOCTyNaK eIMMHHHCaba KOMIIOHEHaTa momepama W' (enr. crack opening
displacement). Pagun OoJber pazymeBama, HarT je IpadWdKd TpPUKa3 auropuTMa IMOTHporpaMa Koju je
KopuihieH y 00jeKTHO-OpjeHTUCAHOM PauyHapCKOM MpOorpamy 3a eIMMHUHALN]y KOHTaKTa u3Melhy ciojesa.

VY cenmoM moriaBiby ONMcaHa je TJaBHa TeMa AucepTanmje: MeTol 3a npaheme GpoHTa AeTaMuHanugje KOju
ce Mema MOJ ACjCTBOM CTAaTHYKOT WM IUHAMUYKOT omntepehema. [IpukazaH anropuraM mpeacTaBiba
yHarpeheme anropurMa Koju cy npeanoxuinn Xie u Biggers (D.Xie, S.B.Biggers. Strain energy release rate
calculation for a moving delamination front of arbitrary shape based on the virtual crack closure technique.

Part I: Formulation and validation. Engineering Fracture Mechanics 2006, 73, 771-785.), a xoju je 6uo
OTpaHHuYeH caMO Ha CTPYKTYpUpaHe MpeXe KOHAYHHX ejeMeHara. AJTOpuUTaM je 3aCHOBAaH Ha TEXHUIIH
BHPTYAJTHOT 3aTBapama mpciauHe (eHr. virtual crack closing technique). Ilpukazann mocTymak 3axTeBa
CpavyHaBame BEJIMYMHE OTBapama jJejaMUHalje nu3a GpoHTa JelaMHHAIMje, YBOPHHUX CHJIA Ty)K QpPOHTA
JleTaMHUHAIMje ¥ BUPTYyaHe 3aTBOPEHE MOBPIIMHE JeTaMUHAIIN]je UCTIpe mocTojehie fenaMuHaIyje.

N3y3eTHO Ba)kaH acmeKT MPHKA3aHOT AJTOPUTMA MPECTaB/hba CPadyHABAaHE BEKTOpA MpaBIa MIHPEHA
nenaMmuHaruje. KoMImoHeHTe OBOT BEKTOpa CpayyHATe Cy Ha OCHOBY CTaryca CyCEIHHX YBOPOBA Y MPEKH
KOHAYHUX eJIEMEHATa, 3a Pa3jiuKy of BehwHe Mojena JOCTYIHUX Y JIMTepaTypH, TIIe Ce MpaBail BEeKTOpa
npaBla IIHpema AeJaMUHALMje MPETIOCTaBiba, INTO MMa 3a MOCICAMIy Ja Ce MOJACTH NMPHUKAa3aHU Y
JUTepaTypH OrpaHUuYaBajy Ha CTPYKTypHpaHe MpEe KOHAYHUX eJieMeHaTa. BupTryaiHo 3aTBopeHa
MOBPIIMHA Je/laMUHaInje oapeljeHa je cpauyHaBameM KOOPAUHATA IIeCT KOHTPOJHUX Tayaka, 3a CBAKHU YBOP
Yy MpeXH KOHAYHHX eleMeHara nyx (poHTa neramuHanuje. HakoH cpauyHaBama CBUX paHHje HABEICHUX
MOTPEeOHUX BETMIMHA, TPUMEILEH j& KPUTEPHjyM 3a IpoIaramnujy AclaMUHaIIje.

OcMO MOrJIaBbe OMNHCYje MPOIIUPEHE MPUKA3aHOT CJIOjEeBUTOI KOHAYHOI E€JEMEHTa IUIOYe Ha aHaIHu3y
JaMUHATHUX KOMITO3UTHUX JbYCKH, ca MM Oe3 MpucycTBa AenaMuHanuje. [Ipukasanu cy uzomnapamerapcku
TPOYTaOHH CJIOjeBUTH KOHAYHHM CJIEMEHTH ca TpU WM ImecT yBoposa. Ilpukasana je Tpancdopmaruja
KOMIIOHEHaTa NOMepama Y YBOPOBUMA KOHAYHOT €JIIEMEHTA IUIOYE M3 JIOKAJHOT KOOPAMHATHOI CHUCTEMa
(paBaH MOjeJMHAYHOT KOHAYHOT €JeMEHTa) y TJI00aTHW KOOPAMHATHU CHCTEM (TPOAMMEH3HMOHAIHH
JexapToB npocrop) 6azupaHa Ha OCHOBaMa BeKTopcke anredpe. Dopmyiucane cy oarosapajyhe marpuie
TpaHcOpMaIHje CIO0jeBUTOr TPOYraoHOT KOHAa4YHOT eneMeHTa. OmmcaHa je HyMepudKa HHTerpanuja 3a
onpehuBame MaTpHile KPyTOCTH M MaTpHIlE Maca HaBeICHHX ejeMeHaTa. Ha Kpajy Cy KpUTHYKH
JIMCKyTOBaHa ojrosapajyha orpaHu4era OBAaKBOI IPUCTYIa W JaTe IMPEHoOpyKe 3a IMPEBa3HUIIAKCHE
HyMepHUKe HeCTaOMIHOCTH NMPUKA3aHOT MOJEIIa.

JeBeTo mornarsee omnmcyje 00jeKTHO-OpjeHTHCaH padyHapcku nporpam y MATLAB-y, koju je kanaumar
PasBHO y CKJIOIMY U3paje JOKTOPCKE TucepTaiuje. 3a yHOC oJaTaka U BU3yean3alujy pesyiraTa KopuuheH
je mporpamcku naker GiD Pre/Post Processor xoju je pa3sujeH y MehyHapoaHOM LEHTpPY 32 HyMEpHUKe
Mmeroze y umkemepctBy CIMNE, Bapcenona. Y okBupy OBOT moriaBjba ONKMCaHa j€ MPUMEHa HaBeICHOT
nporpama y MoJely Koju je 6uo npenmer aucepranuje. Kananaar je onucao npouenype 1 pyHKuuje Koje je
HamnMcao paau nose3uBama GiD nporpamckor nakera ca nporpamoM y MATJIAB-y. Hakon Tora onmcaH je
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MOCTYTAK KPeHpama Mpexke 3a BU3YeJIM3allHjy pe3yJiTara, Koja ce 300r Crieu(puIHOCTH HyMEPUIKOT MOjIesa
pasiiuKyje oJ1 MpeKe KOHAYHUX eJeMeHaTa MPUMEhEHIX Y HYMEPHUKUM IIpopadyHuMa. Y JpyroM Jeny OBOT
ToTJIaBJba OIMCaH je padyHapcku nporpam y MATLAB-y. Kitace koje cy pa3BujeHe TOJIeJbEeHE CY Y YSTHPH
rpyne: modeling classes, finite element model classes, analysis classes u numerical classes and functions, a
Ha Kpajy je Jat aujarpaM Mel)yCOOHHX penalyja MojeIMHNX Kilaca.

JeceTto mornasibe y JUCEPTALM]H CalpXKH HyMEpHUYKe IIPEMEpe KOjUMa Cy MITyCTPOBaHE TEOPETCKE MOCTABKE
NpUKa3aHe Yy OKBHPY MPETXOAHUX IOTJaBJba. PejoM Cy pa3MaTpaHu: JIMHEApHO M HEJIMHEApPHO CaBUjame
io4a, co0oIHe BUOpamuje mioda, n3004aBame 04a, TIMHeapHa ¥ FTeOMETPH]CKU HelTMHeapHa IMHAMUYKa
aHanmm3a U ciobonHe BUOpaLyje TaMHHATHUX KOMIIO3UTHUX JbyckH. HajBeha makma y cBUM HaBeJeHUM
npobsemumMa noceehieHa je yrunajy nenamuHanuyje (leHE BEIUUMHE U TI0JI0%Kaja Y IJI0YH) Ha CTATHYKU HITH
JMHAMAYKA OITOBOP KOHCTPYKTHBHOT CJIEMEHTA.

OnucaHnM NOCTYNIIMMA aHAJTH3UPaHU cy cieaehit HyMepruiKH MPUMepH:

1. Cnobomue BuOpanuje ca1000IHO OCIOmEHE JaMUHATHE TUTOYe TPIMEHOM TE€OpHja BHIIET peaa,

2. Cnobomue BUOpanuje cI000IHO OCIOmEHE JaMUHATHE IUTOYE Ca TIOYSTHOM JICITAMIHAIIH]OM,

3. Onpehuame kpuTH4HOT ontepehema H3BHjama CI000IHO OCIOkEHE JIAMHHATHE TUIOYE,

4. OppehuBame kpuTHYHOT onTepehema U3BHjarkba CI000JHO OCIOmEHE JIAMHHATHE IUIOYe Ca
JeTTaMHUHAIIH]jOM,

5. JluHamuuKka NMHEeapHa U TeOMETPHjCKU HeJIMHEapHa aHalu3a cI000JHO OCTIOHkeHE TaMUHATHE TI0Ye
ca yTHIIajeM pPa3JIMuuTUX TeopHja u Opoja ciojesa,

6. JluHamuuKka JIMHEapHa M TeOMETPHjCKU HeJIMHEeapHa aHalIu3a 000 JHO OCTIOkeHE TaMUHATHE TI0Ye
ca TIOYETHOM JISITAMIHAIIH]OM Ca Pa3IMIUTHM TI0JI0KajeM JIeIaMUHAIIH] e,

7. JluHaMuWuKa JIMHeapHa aHaIn3a JIJAMHHATHE TUIOUE ca MpOoTaralijoM JeJaMuHaIIHje,

8. Crobomne BHUOpamMje KOMIO3UTHE CJIOJEBHUTE IMUIMHIAPWYHE JHYCKE Ca Pa3IUYUTAM TPaHUIHUM
yCIOBUMa,

9. CnobomHe BuOpaluje KOMIIO3UTHE CJOjEBHUTE KOHYCHE JbYyCKE Ca pas3IMYUTUM TPAHUYHUM
ycIIOBUMa,

10. CnobonHe BuOpanyje KOMIO3UTHOT CJIOj€BUTOT LMJIMHIPUYHOT M c(hEPHOT MaHena ca pa3iniuTHM
TpaHUYHUM yCJIIOBUMA,

11. Cnoboaue BUOpalyje KOMIIO3UTHE CIIOjEBUTE LMITMHPUYHE JBYCKE Ca JICTIAMHHALII]OM.

V BehuHM npriMepa MaxJpUBO je ypaljeHa mapaMeTapcKa aHaimu3a yTuilaja Opoja ciiojeBa, yclioBa Ocjamama
Y BeIMYMHE KOHAYHMX elleMeHarTa Ha pemieme. [lopehemem ca mocrojehum aHATUTHYKAM, HyMEPHUYKHIM HITH
EKCIIepHIMEHTATHIM TpPHMEpPHMa W3 JINTepaType M pellelhuMa JIOOWjeHHM NPUMEHOM KOMEpIIHjaTHOT
nporpama ABAQUS ypahena je Bepudukariija mpeaiokeHe MeTo e U pa3BHjeHOT ITporpamMa. HakoH cBakor
npuMepa JIaTH CYy KPATKH 3aKJbYUIlH.

Ha xpajy paga, y jemaHaecToM IOINIaBJbY, 3aKJbY4LU KOjU Cy NPOUCTEKIM U3 JUCEpTaluje Ccy IeTajbHO
JUCKYTOBaHH. Y MOCIEIHkeM MOTJIaBJby JaTe Cy npenopyke 3a Oyxyhu pax y oBoj o0nacTu Kako OH ce 1ajbe
YHAIPeIUIN HyMEPUYKH MO JJAMUHATHUX KOMIIO3UTHUX IJIOYA U JbYCKH ca JeflaMUHalhjaMma.

3. OLIEHA JICEPTAIIAJE

3.1. CaBpeMEHOCT U OPUTHHAIHOCT

Jokropcka aucepranuja moa HaciaoBoM "HennHeapHa aHanu3a JaMUHATHUX KOMIIO3UTHUX IUIOYA U JbYCKH
ca JelaMHHaLMjaMa MPUMEHOM METOJle KOHAUHUX eJeMeHara" MpeACTaB/ba OPUTHHATHHM HAYyYHH paj y
001acTy pauyMHCKE MEXaHUKe JIAMHHATHUX KOMIIO3UTHHX TUIOYA ca IIOYETHOM jAenaMuHanujoM. [lonazehn ox
Reddy-ese Ommre namuHaTHE TeopHje IUIOYAa M TEXHHWKE BUPTYaJIHOI 3aTBaparma MPCIUHE, YCIELIHO je
yHarpelheH HyMepHUuKd MOJIEeT 3a CTaTHUKY ¥ IWHAMUYKY F€OMETPH]jCKU HEJIMHEapHy aHaIu3y KOMIIO3UTHUX
JAMUHATHUX IJI0YA W JbYCKH ca MOYETHOM JICIAMHHAIM]OM 3aCHOBaH Ha METOJM KOHAYHHX eJeMeHara,
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(MKE), Ha aHanu3y mponaraiyje jejaMuHaluje u3Mel)y ciojera y KOMIO3UTHO] 1o4H. MIcTakHyTO je 1a ¢y
pa3MaTpaHu KOHTaKTHH YCJIOBH M3Mel)y TOIMPHUX MOBPIIHK y 30HU AeJaMHHALM]e, TIOpe]l IPUMEHE peatHe
KHHEMAaTHKe TUIoYe ca AelaMUHaIjoM. Takohe je pa3BujeH BeoMa epuKacaH aJTopuTaM 3a YHOC IToj1aTaka u
OJUTMYHY BU3YyeH3alHljy HyMepHukux pesdynrtara. CBe moTpeOHE alropuTMe pa3BUO je M UMIIEMEHTHPAO
MupocnaB Mapjanosuh.

ﬂncepTam/Ija Cliaga y BEOMa aKTYCJIHY U KOMIUICKCHY obOmact PAaYYyHCKE MCXAaHUKE, U CaAPKU CJICTAHTHA U
p06yCHa peuickha CTaTUIKUX U TUHAMHUYKHUX npo6neMa.

3.2. Ocept Ha pedepeHTHY U KOPUIINEHY JUTEpaTypy

TokoM u3pajme IOKTOPCKE MUCEpTallMje KaHIUAAT je MPOYyYHO pPeJeBaHTHY jiureparypy. Haseo je 157
pedepeH Iy Koje cy pereBaHTHE 3a obnact aucepraidje. [Ipernen muteparype o0yxBara MUPOK OTICET TeMa
obpaheHnx y mucepTanyju, ¥ YMHA OJIMIHY OCHOBY 3a Oymyhu pax y obmactu aucepramuje. Kanmuaar ce
aZIeKBaTHO TI03MBa0 Ha MocTojehy auTeparypy TOkoM n3paze paja.

3.3. Onuc ¥ aICKBaTHOCT NPUMEHCHUX HAYYHUX METOa

VY IOKTOpCKO] TUCepTalyju KaHAUAT je KOPHUCTHO aJieKBaTHE HAyYHEe METOJIe, Ka0 U CaBpeMeHe HyMEepUUKe
METO/Ie 3a pelllaBamkeé BeoMa 3aXTEBHOI MpoOiieMa TeopHje KOHCTPYKIHja — TeOMETPHjCKH HeTMHeapHe
HyMepHUKe aHajJIM3e Iponaranyje IeJaMHHAIMje y KOMIIO3UTHHM IuloyaMa U Jbyckama. Heke on
MPUMCHCHUX HAYYHUX METOAA CY:

MeToa KoHadyHuX erxemenTara (MKE)
TEOMETPH|CKH HeJTMHEapHa aHaIn3a CJI0jeBUTHX KOMIO3UTHHX Tutoda y MKE
OIIIIITa JAMHHATHA TEOpHja Iu1o4a
BEKTOpCKa anredpa
METOJIe pelllaBarka HeTMHEAPHHX jeTHAYHHA
e Newton-Raphson-oB nocrymnak,
e Picard-oBa meTona,
e Newmark-oB HHTErpallMOHM TIOCTYMAaK 3a pellaBamkbe IUCKPETU30BAaHE IUHAMUYKE jeIHAYMHE
cucremMa
e MexaHrKa JioMa, TEXHHKA BUPTYAHOT 3aTBapama MPCIHHE U onapehuBame Op3mHe ocrmobahama
eHepruje nedopMmaruje
e Mertozae 00jeKTHO opHjeHTHCaHOT porpamupama Yy MATLAB mporpaMckoMm je3uky

Kannunar je ycneniHo mokaszao BapujannoHy (GopMyIaiujy u IUCKPETH3AIN]Y TUI0Ya U JbYCKH, y3uMajyhu y
003up KMHEMATHUKy BHIIECIOjHE TUIo4e, y okBupy OTmiiTe JamuHaTHE Teopuje mioda. Hajehu Hayunu
JONPUHOC JAWCepTalydje MpelcTaB/ba yHamnpeheme HaBeJeHOr Mojesia Ha IUIode ca JAejIaMUHalWjoM, a
HApOYHNTO OMNKCHBAmkE Mpomnaraluje AejaMUHalndje MPUMEHOM HECTPYKTYPUPaHHUX Mpexa KOHAYHUX
eneMeHnata. [IpoOnem nenamMuHaiMje je peliaBaH NMPUMEHOM JIMHEApHO ellacTHuHe MexaHuke joMa (eHr.
LEFM — Linear Elastic Fracture Mechanics) u MeTo/ie BUPTyaJIHOT 3aTBapama MPCIHHE, IITO CE MOKa3ajio0
Kao poOyCHO pelieme 3a 0Baj TUI IpoodsiemMa. Hapouut monpuHOC qucepranyje npeacTaBiba v oarosapajyhe
pasMarpame KOHTAKTHUX YCJIOBAa y CTATUYKO] M NTMHAMHUYKO] aHAIHM3H. 3a PellaBame YCIOBHUX jeIHATMHA
mpobieMa, KaHIUAaT je KOPHCTHO MOJEpPHE HYMEPHUYKEe METOAC M 00jeKTHO-OPjeHTHCAHO IpOoTrpaMHupame.
Kanauzar je anekBaTHO KOMOWHOBAO CII0KEHE TEOPHUjCKE M HyMepHuKe up-to-date MeToie Kako 61 OCTBapHO
[IUJbEBE IUCEPTALIH]E.

3.4. IIpuMeHJLUBOCT OCTBAPEHHUX PE3YJITATA




Hywmepuuku moznen npumenom MKE koju je on crpaHe kaHauaara pa3BHjeH 3a CTATHUKY U JTUHAMHUYKY
aHAJIM3Y JAeJIaMHHAIFje y JAMHHATHUM KOMITO3UTHHM IJI0YaMa 1 JbyCKaMa, BeOMa je 3HadajaH 3a MPaKTHIHY
npuMeHy. [loTeHIjanHe TpUMEHE Yy MHXXCHEPCTBY MOTY OWTH KOl KEpaMHUYKHX MaTepHjaja OjadaHmx
BIIAKHUMA M CEHIBHY IUIOYA, T/l TIOCTOjamke JelaMuHanrje n3Mel)y je3rpa v CrioJpHUX MOBPIIH TUI0YE MOXKE
JIOBECTH IO MPOTPECHBHOT JIOMa KOHCTPYKIIMje TpU AWHAMHUYKOM omnrtepehemy. Pasmarpame quHAMUYKOT
ontepehema je ol BEMMKOr 3Hayaja 3a aHAIM3Y TPAJHOCTH KOMITO3UTHHMX Hocaya y rpal)eBHHapCTBY U
MAaIlMHCTBY, TAe ontepeheme O BeTpa WIM JApyra JUHAMHUYKa onrtepehema MOTy 3HauajHO yMambHTH
HOCHUBOCT KOHCTPYKIIH]E.

3.5. OrieHa TOCTUTHYTHX COOCOOHOCTH KaHIUIATA 32 CAMOCTATHI HAYYHH PaJI

Kangnpar je crekao u3y3eTHY CaMOCTAIHOCT y HAYYHOM paAy Kpo3 TpUNpEeMy M H3paxy JOKTOPCKE
IUcepTanmje, IojlarameM HCIHUTa Ha Qakynrery, aktuBHUM ydemhemM Ha SEEFORM cemuHapuma,
CTYIHjCKUM OOpaBIIMMa Ha MPECTIKHUM €BPOIICKHM YHHBEP3UTETHMA, a MOCEOHO 00jaBJbUBAKHEM YETHPH
pana y gaconucuma ca SCI nucre u Benukor Opoja pagoBa y nomahiM yacomucuMa U Ha Mel)yHapoaHuM
KoH(pepeHjama. bubnmorpaduja kanauIaTa CMaTpa ce OJJIUYHOM H JJAIEKO NIPEeBa3uiia3u MpoceyaH HUBO
CTyJieHaTa JTOKTOPCKUX CTyJAMja Ha OCTAJINM YHHBEP3UTETHMA UCTOT panra. Kanmuaar je takohe mokaszao
CIOCOOHOCT 32 KPUTHYKY aHaJH3y HaydHe JUTepaType, pa3Boj U Mpeilaramke OpUrHHAHUX pellerma Koja
noBozie 10 OOJbMX pe3ynTara y OJHOCY Ha OHE Koje KapakTepHIly 10 cajga ImyOiuKoBaHa pemiema. Cee
3ajeTHO HeIBOCMHUCIICHO MOTBPhyje HayIHY 3pEJIOCT M M3y3eTaH HCTPAKUBAYKY TIOTSHITH]jal KaHIM/IaTa.

4. OCTBAPEHH HAYYHU AOITPUHOC

4.1. H[)I/IKEB OCTBAPCHUX HAYYHUX JOMPHUHOCA

OCHOBHH HaY4HH JIOTIPUHOCH Y TUCEPTALUJH CY:

1. Pa3Boj moOosblIaHMX HM30MAapaMeTapCKUX CIIOjeBUTUX KOHAYHHX elleMeHaTa ruioue (ca 4 wim 9
yBOpoBa) Oa3WpaHWX HA JUCKOHTHHYaJTHOM IIOJbY IIOMEpama, y TCOMETPHjCKA HEIMHEApHO]
CTaTHYKOj ¥ AMHAMUYKO] aHAIIN3H,

2. Pa3Boj nzomapamMeTapcKor TPOYTaoHOT CIIOjeBUTOT KOHAYHOT €JIeMEHTA JbYCKE ca JIeTaMUHAIIH]OM U
Matpunia TpaHcopmaiyje 3a CHUMyJAalHjy TPOCTOpHE KOHCTPYKIHWje Jbycke ToMohy
JIBOIMMEH3NOHATHUX KOHAYHHUX eJIEMEeHaTa,

3. Ilpemmor HOBe Meroxe mnpahema mnpomaranuje (QpoHTa AeTaMUHALMje OJ YBOpa IO YBOpa
HECTPYKTYpHpaHe MpEXe UeTBOPOYTaOHUX KOHAYHHX eJeMeHara (€Hr. node-to-node propagation)

4. Ilpenjor KOHTAaKTHOT AJIrOpuUTMa 0e3 y3uMama y 003up Tpewa (eHT. frictionless node-to-node
contact) 3a emuMuHaNUjy MelycoOHOT MpeKanama CyCeIHUX CI0jeBa y 30HH JieIaMUHAIIH]e,

5. Crpesame NpeTxoJHO HABEJICHHX allTOpPUTaMa y HyMEPHUYKH MOJIEIl CJI0jE€BUTOT KOHAYHOT EJIEMEHTA,
pamd cuMynandje TPOTUMEH3MOHAIHOT MpobjeMa ToMohly JBOJUMEH3WOHAIHUX KOHAYHUX
eJeMeHara,

6. Pa3Boj mporpama 3a HyMepHUKy JIMHEapHY W T€OMETPH]CKH HEJIMHEapHY, CTATHUKY W JTUHAMHYKY
aHAIIM3y KOMIIO3UTHHUX CJIOjEBUTHX (JJAMHHATHUX) TUIOYAa W JbyCKH IpuMeHoM Orimire Teopuje
JaMHHATHUX TUTo4a ca uin 0e3 aenamunanyje y MKE,

7. Pa3Boj rpaduUKor OKpyKema 3a TeHephcamke MOJIENa U BU3YeNn3alujy pe3yJiTara npopadyHa Koju
Cy MpeIMET JUcepTallmje.

4.2. KpuTuika aHaJm3a pe3yaTara HCTPaKHUBAbHa

Kanpuaar je pazBuo HyMepHUYKH MOJEN 32 CTCTHUYKY W JHHAMHYKY aHAIHN3y JAMUHATHUX KOMITIO3UTHHX
II04a M JbyCKU MMPUMEHOM CJIOjeBUTHX KOHAYHHX eJieMeHaTa, KOjH He caMo J1a pa3Marpa JelaMHHANHN]y, Beh
nma MoryhHocT mpahema nNpou3BOJbHE JISIAMIHAIH] e MPUMEHOM MPOU3BOJbHE MPEKE KOHAYHUX eJIeMeHATa.
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Kako mozen takole y3uma y 003up ¥ KOHTAKT NIPU 3aTBapamy MPCIUHE, 0Baj pajl IpecTaBiba yHanpeheme
y opeheme ca mocrojehnM Moaenuma u3 urepatype. Pesynratu npruka3aHu y OKBUPY JUCEPTAIIHj€ BEOMa
¢y nmobpo mpuxBaheHm y MeljyHapoaHO] HAY4YHO] 3ajeqHHITH, jep je 4 pama KOju caapxke pe3yirare
nmucepranmje Beh o0jaBibeHO y BpXyHCKHM MelyHapomaum gacomucuma ca SCI mucrte. [lpuMeHspuBOCT y
WHXKEHEPCKOj TIPAKCH je Takol)e Benuka, jep Mojen oMoryhaBa aHaTH3Upame KOMIIO3UTHHX TUI0YA U JbYCKH
ca MPOU3BOJHHUM PACIOPEIOM aHU30TPOIHUX CJI0jeBa, YCIe T ACjCTBA CIOKEHUX CTATHYKUX U JMHAMHYKHX
onrtepehema. [aBHU MONPUHOC AMCEpTaIje MMPEICTaB/ba aHAIM3a YTHIIAja JeJIaMHHAIU]e Ha TUHAMUYIKA
OJIFOBOD JIAMUHATHUX KOMIIO3UTHHUX IUIOYa. Tpeba HArllacCUTH Ja je pa3BHjCHH HYMEPHUYKH MOJICN BeoMa
poOycTaH, WTO je KJbYYHH (aKTop 3a MPAKTUIHY IPUMEHY.

PesynTatu mpukazaHu y AMCEpTaLlUjH MPEACTaBIbajy OMIMYHY TOJIa3HY OCHOBY 3a Oyayhe mcTpaxkuBame,
rae OM ce MOINIO pa3MarpaTH HEIWHEeapHO TOHAIlamke Marepujaia Kao M IojaBa mpBor omTehema y
KOHCTpYKIUju (initiation of delamination). Ilpeamer Oymyher ucTpakuBama MOTJIM OM ma Oymy u
TEPMO-MEXaHUYKO, Ka0 ¥ MEXaHUIKO-CIIEKTPUIHO CIIpe3ame (MMMe30eIeKTPUIHA eeKar).

4.3. Bepudukanuja HaydHUX JOIMIPUHOCA

VY TOKy HCTpaXMBAauKOI' pafa y YXOj o0jJacTh TeMe IOKTOpPCKe AWcepTandje, KaHauaar Mwupocias
MapjanoBuh 06jaBuo je cnenehe pagose:

Kareropuja M21:

1. Kolarevic N, Marjanovi¢ M, Nefovska-Danilovic M, Petronijevic M (2016): Free vibration analysis
of plate assemblies using the dynamis stiffness method based on the higher order shear deformation
theory. Journal of Sound and Vibration, Vol. 364, pp.110-132. (IF=1.813, ISSN 0022-460X)

2. Marjanovi¢ M, Vuksanovi¢ Dj (2016): Free vibrations of laminated composite shells using the
rotation-free plate elements based on Reddy’s layerwise discontinuous displacement model.
Composite Structures, in press. doi: 10.1016/j.compstruct.2015.07.125 (IF=3.318, ISSN 0263-8223)

3. Marjanovi¢ M, Vuksanovi¢ Dj, Meschke G (2015): Geometrically nonlinear transient analysis of
delaminated composite and sandwich plates using a layerwise displacement model with contact
conditions. Composite Structures, Vol. 122, pp.67-81. (IF=3.318, ISSN 0263-8223)

4. Marjanovi¢ M, Vuksanovi¢ Dj (2014): Layerwise solution of free vibrations and buckling of
laminated composite and sandwich plates with embedded delaminations. Composite Structures, Vol.
108, pp.9-20. (IF=2.231, ISSN 0263-8223)

Kareropuja M24:

1. Vuksanovi¢ Dj, Marjanovié¢ M (2015): Application of layered finite elements in the numerical
analysis of laminated composite and sandwich structures with delaminations. Building Materials and
Structures, Vol. 58, pp.59-76. (ISSN 0543-0798)

Kareropuja M33:

1. Vuksanovi¢ Dj, Marjanovi¢ M, Kovacevi¢ D: Finite element modeling of free vibration problem of
delaminated composite plates using Abaqus CAE. 6th International Conference Civil Engineering —
Science and Practice, Zabljak, 2016, Montenegro

2. Marjanovi¢ M, Vuksanovi¢ Dj: Transient analysis of laminated composite and sandwich plates with
embedded delaminations using GLPT. 9th International Conference on Structural Dynamics
EURODYN 2014. Porto, Portugal, pp. 3373-3380



3. Vuksanovi¢ Dj, Marjanovi¢ M: Free vibrations of delaminated composite and sandwich plates. Sth
International Conference Civil Engineering — Science and Practice, Zabljak, 2014, Montenegro, pp.
363-370

4. Marjanovi¢ M, Vuksanovi¢ Dj: Linear Analysis of Single Delamination in Laminated Composite
Plate using Layerwise Plate Theory. 4th International Congress of Serbian Society of Mechanics.
Vrnjacka Banja, 2013, Serbia, pp.443-448

5. Marjanovi¢ M, Vuksanovi¢ Dj: Linear Transient Analysis of Laminated Composite Plates using
GLPT. First international conference for PhD students in Civil Engineering, Cluj-Napoca, 2012,
Romania, pp.169-176

6. Marjanovi¢ M, Vuksanovi¢ Dj: Transient Response of Cross-Ply Laminated Composite Plates.
International Symposium for Students of Doctoral Studies in the fields of Civil Engineering,
Architecture and Environmental Protection, Ni§, 2012, Serbia, pp.345-352

Kareropuja M52:

1. Marjanovi¢ M, Vuksanovi¢ Dj (2014): Geometrically nonlinear transient analysis of delaminated
composite plates. 36opuuk panosa I'paheBunckor dakynrera Cybotuua, Vol. 25 (Kongepenuuja
"CaBpemena gocturnyha y rpaleBunapctsy"), pp. 465-471

MehyHapoaau yaconucu kKoju Hemajy IF

1. Marjanovié¢ M, Vuksanovi¢ Dj (2013): Linear Transient Analysis of Laminated Composite Plates
using GLPT. Acta Technica Napocensis: Civil Engineering & Architecture, Vol. 56, No. 2, pp.58-71
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5. BAKJbYUYAK U NPEJIOT

Ha ocHOBy nperxoaHe aHanu3e NpUIOKEHe JOKTOPCKE TUCEPTallije, HCIIyHhEHOCTH 3a1aTaKka U IMJbEeBa
UCTpaKUBamka, IPUMEHEHE METOIOJIOTHje, HAay4YHOT JOIpHUHOCAa M HOOMjeHHX pe3yiraTra, MOXE ce
KOHCTaToOBaTH Ja MJOKTOpCKa Aucepranyja mox HacioBoM — HesmHeapHa aHanu3a JIaMMHATHHX
KOMIO3UTHUX IUI0YA M JbYCKH ca JAeJIJAMHHALMjaMa NPHMEHOM MeTOode KOHAYHHX eJieMeHATa
npeAcTaBba OPUTHHAIHYT HAYYHH JONPUHOC U IIOTBPAY Aa je Kanauaat Mupocias MapjanoBuh criocodas 3a
CaMOCTaJlHW HAy4YHO-UCTPaXKMBauku pan. M3y3eraH KBanuTeT paja MOTBpheH je YHMILEHHIIOM Aa Cy
pe3yiTaTi JUcepTaluje u3y3eTHo n1o0po npuxsahenu y meljyHapoaHoj HayuHoj jaBHOcTH. Ca yeTupu paja y
BpXyHCKUM MelhyHapoaauM gaconucuma ca SCI nucre, Kao u ca AeBeT pagoBa y Mel)yHapogaum u nomahum
JaconrcuMa 1 300pHUIMMAa Mel)yHapoTHUX Hay9YHUX CKYIIOBa, HAYYHHU JonpuHOC MupocinaBa Mapjanosuha
MOXe€ C€ CMaTpaTy U3y3E€THHUM.

Ha ocnoBy nampen m3neror, Komucuja npemnaxke HacraBHo-HaydHoMm Behy I'pahieBuHcKoT (hakynTeTa
YuuBep3urera y beorpamy nma ce npuxBath OOKTOpcka aucepranmja MupocnaBa Mapjanosuha,
MacTep.MHXK.Tpal)., mox HacioBom HenwHeapHa aHaaW3a JaMAHATHUX KOMIO3UTHHX ILI0YA H JbYCKH ca
AeJaMUHANMjaMa MPUMEHOM MeTo/le KOHAYHHUX eJIeMeHATa U Jia ce 0100pU kheHa jaBHa o10paHa.

\
chn. &iinther Meschke,
Ruhr Universitdt Bochum, Institute for Structural Mechanics
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Yuusepsuret y beorpany, I'paheBuncku daxynrer

[pod. np Bophe Jlahunosuh,
Yuusepsurer y Hosom Cany, @akynreT TEXHUYKUX HayKa

Hou. np Mapwuja Hedorcka-/lanumosuh,
VYuusepsurer y beorpany, ['pahesuncku daxynrer
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