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HACTABHO-HAYYHOM BERY

Ipenmert: Pedepar o ypahenoj nokropckoj nucepranuju kanauaara Hukone Tomwmha

Onnykom 6p. 297/10-15 ox 23.11.2017. roguHe uMeHOBaHU MO 3a wiaHoBe Komucwuje 3a mperien,
OILICHY M OJ0paHy JOKTOpCKE aucepranuje kanauaara Hukome Tomwha, mact. wmx. rpal)., mon
HACJIOBOM:

BEHAVIOUR OF REINFORCED CONCRETE BEAMS MADE WITH RECYCLED AND
WASTE MATERIALS UNDER LONG-TERM LOADING

HacoB Ha cprickoM je3uKy:
INOHAITAIBE APMUPAHOBETOHCKUX I'PEJHUX EJIEMEHATA O/ BETOHA CA
PELHHUK/IMPAHUM U OTITAJHUM MATEPUJAJIUMA IO AYTOTPAJHUM
OIITEPEREILEM

[Tocrme mperyiena nocTaB/beHE IUCEpTalldje W APYrux mnparehux marepwjama W pasroBopa ca
kanauaatoM, Komucuja je caunnuia cneaehu

PEDPEPAT

1. YBOJ

1.1.XpoHosornja oxo0paBama 1 U3pajie JucepTamnmje

Ha cemnumu Beha Karenpe 3a matepujane u korcrpyknuje onpkanoj 10.09.2015. Hukona Tommuh
je jaBHO H3marao MpPEMIOKEeHYy TeMy JOKTOPCKe IHcepTaiuje Imoj HacioBoMm ,,Behaviour of
reinforced concrete beams made with recycled and waste materials under long-term loading® (ua
CPIICKOM  je3uKy ,JlloHamame apMHpaHOOETOHCKMX TIpEeIHUX eJleMeHara o]l OeToHa ca
PELMKIMPAaHUM U OTHAJAHUM MaTepHjaauMa noJ AyrorpajuumM ontepehemem*). Komucuja y cacraBy
npo¢. n1p Cuexana Mapunkouh, npod. 1p Mupjana Manemes (ca ®akynrera TEXHHYKUX HayKa
VYuusepsutera y HoBom Cany), mor. ap Henan [leuuh u nou. ap MBan Urwarosuh je mpuxsaTuia
IPEUIOKEHY TEMY.

Onnykom HacraBuo-nayunor Beha I'paljeBunckor ¢akynrera 6p. 297/4 on 22.10.2015. romause,
onpehena je Komucuja 3a oleHy HayyHe 3aCHOBAHOCTHM TEME JIOKTOPCKE JAucCepTaluje IOA
nacioBoMm ,,Behaviour of reinforced concrete beams made with recycled and waste materials under
long-term loading* (Ha cprickom je3uky ,,[loHamame apMUPaHOOETOHCKUX TPETHHUX €IeMEeHaTa O]
0eToHa ca peUUKIMPaHUM UM OTHAJHUM MaTepujairmMa Moj AyroTpajHuM onrepehemeM’) y cactaBy
npod. n1p Cuexxana Mapunkouh, npod. 1p Mupjana ManemeB (ca ®akynrera TEXHUYKUX HAayKa
VYuusepsutera y HoBom Cany), nou. ap Henax Ilenwh u momn. np MBan Urmarosuh. [lozutuBan
u3Bemta] Komucuje 3a oneHy Hay4dHe 3aCHOBAaHOCTH Te€ME JIOKTOPCKE JMCEpTallfje YCBOjEH je Ha
cemaun HacraBHo-HaywuHor Beha I'paheBumHckor ¢akynrera onpxkanoj 24.12.2015. roamne
(ommyka Op. 297/6 ox 29.12.2015. ronune). Behe Hayunux obnactu rpaleBHHCKO-ypOaHHCTHUKUX
Hayka YHuBep3utera y beorpaay Ha cequuiu oapxanoj 09.02.2016. (oamyka 6p. 61206-37/2-16 ox
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09.02.2016. romuHe) YCBOJUIIO j€ TpeIIor TeMe JOKTOpCKEe aucepranuje kKanaupata Hwukome
Tommha.

Kanmunar je ypaheny moktopcky nmucepranujy mnpenao CnoyxkOM 3a CTYICHTCKAa IHTamba
I'paheBunckor dakynrera 13.11.2017. rogune.

1.2. Hayyna o0Osact gucepraryie

Tema nokTOpCKe IucepTalyje npunaaa HaydyHoj oonactu ['paheBuHApCTBO U y)KO] HAYyIHO] 00J1acTH
beroncke koHCTpyKIMje Koja je nedunucana Craryrom I'paheBunckor dakynrera YHuUBep3uTeTa y
beorpany.

PagoBu nyOnukoBanu y MelyHapoIHUM YacomucHUMa KOjU KBalM(UKYjy MeHTopa mpod. map
Cuexxany MapunkoBuh 3a Boheme JOKTOpCKe AucepTanuje cy:

Kareropuja M21a:

1. Marinkovié, S., Dragas, J., Ignjatovi¢, 1., To$i¢, N., 2017. Environmental assessment of green
concretes for structural use. J. Clean. Prod. 154, 633-649. doi:10.1016/j.jclepro.2017.04.015

2. Tosi¢, N., Marinkovié, S., Ignjatovi¢, 1., 2016. A database on flexural and shear strength of
reinforced recycled aggregate concrete beams and comparison to Eurocode 2 predictions.
Constr. Build. Mater. 127, 932-944.

3. Tosi¢, N., Marinkovié, S., Dasi¢, T., Stani¢, M., 2015. Multicriteria optimization of natural and
recycled aggregate concrete for structural use. J. Clean. Prod. 87, 766-776.

4. Radonjanin, V., Malesev, M., Marinkovi¢, S., Al Malty, A.E.S., 2013. Green recycled
aggregate concrete. Constr. Build. Mater. 47, 1503-1511.

Kareropuja M21:

5. Ignjatovi¢, 1., Marinkovié, S., Tosi¢, N., 2017. Shear behaviour of recycled aggregate concrete
beams with and without shear reinforcement. Eng. Struct. 141, 386-401.
doi:10.1016/j.engstruct.2017.03.026

6. Ignjatovié, 1., Marinkovié, S., Miskovi¢, Z., Savi¢, A., 2013. Flexural behavior of reinforced
recycled aggregate concrete beams under short-term loading. Mater. Struct. 469, 1045-1059.

7. Marinkovié, S., Alendar, V.H., 2008. Punching failure mechanism at edge columns of post-
tensioned lift slabs. Eng. Struct. 30, 2752-2761. doi:10.1016/j.engstruct.2008.03.009

8. Marinkovié, S., Radonjanin, V., MaleSev, M., Ignjatovié, 1., 2010. Comparative environmental
assessment of natural and recycled aggregate concrete. Waste Manag. 30, 2255-2264.

Kareropuja M22:

9. Dragas, J., Tosi¢, N., Ignjatovi¢, 1., Marinkovié¢, S., 2016. Mechanical and time-dependent
properties of high-volume fly ash concrete for structural use. Mag. Concr. Res. 68, 632—645.

1.3. buorpadcku momay 0 KaHIuaaTy

Huxona Tommh je pohen y beorpamy 9.5.1987. rogune rae je 3aBpIIMO OCHOBHY IIKOJY H
TUMHAa3H]y.

OcHoBHE akageMcke cryauje je ynucao Ha ['paheBurckom (akynrery YHuBepsutera y beorpamny
2006. romune Ha OpceKky 3a KOHCTPYKIIMjE, TII€ j€é CTEKao 3Bame AUILNIOMHPAHOT HHKEHEpa
rpaheBunapcTBa 2010. ronune ca npoceyHoM o1ieHOM 9.4 1 orieHoM 10 Ha TUIIIIOMCKOM pajy.



Macrep akageMmcke cryauje je ynucao Ha I'paheBunckom ¢akynrery YHuBepsutera y beorpamy
2010. romquae Ha O/CceKy 3a KOHCTPYKIIH]jE, TIIE jé CTeKao 3Bamke MacTep HHXXemepa rpaljeBuHapcTBa
2011. rogune ca mpoceuyHom orieHoM 9.86 u ouenom 10 Ha mMacTep paay MoOJ Ha3UBOM ,,AHaIU3a
crcTeMa KOHCTPYKIIHja 3a MOKPHBamke TPUOMHA QyA0aICKUX CTaaOHA Ca MPEIOroM pellieka 3a
craguon @K IMapruzan‘ (Ha3uB Ha enrieckoM ,,Analysis of structural systems for covering football
stadium tribunes with a proposed solution for FC Partizan stadium®).

JIoKTOpCcKe akajgeMcKke cTyauje je ynucao Ha ['paheBunckom dakynrery YHuUBep3utera y beorpany
2012. rogune Ha Moxyny ['palheBuHApCTBO, TIe j€ MOJOKUO CBE MCIHUTE MpenBuheHe CTYAH]jCKUM
IIPOrpPaMoM ca IIPOCEYHOM OLleHOM 9.87.

Hakon 3aBpmieTka Mactep akageMckux cryauja 201 1. rogune, paauo je aBa Mecera Kao CTyICHT Ha
npakcu y komnanuju Mejc y Jlounony, Ha npojexty [Hapn Jlongon bpun. Toxkom 2012. ronune je
paaguo y KommaHuju YenukuHBecT, beorpan, kao rpalleBUHCKHM WHXEHEpP Ha IOCIOBHUMA
MPOjeKTOBamka U n3Bohema rpal)eBuHCKUX KOHCTpyKIHja y Cpouju.

Opn janyapa 2013. roguHe pagu Kao aCUCTEHT — CTYACHT JOKTOPCKHX CTyauja Ha I'paheBuHCKOM
dakyntery YHuBep3urera y beorpamy, Ha mpeameruma u3 yxe HayuHe oOnactu beroncke
KOHCTpPYKIIH]eE.

OcuM HaCTaBHUX aKTHBHOCTH, YYECTBOBAO j¢ M Y HEKOJIIMKO HCTPAKUBAYKUX MPOjeKaTa Be3aHUX 3a
OJIP’)KUBOCT OeTOHA M OETOHCKHMX KOHCTpyKIHja. Kao aytop u xoayrop, 10 caaa je myOiukoBao 25
pajioBa y yaconucuMa u 300pHUIIIMA KOH(PEPEHIIH]a, O] Yera MeT Y YacOMMCHMa HHISKCUPAHHM Ha
CUUA nuctu.

Hukona Tomwuh je akTuBaH WwiaH akaJeMCKe U UCTPAKUBAYKE 3ajeTHULIC KPO3 ydemhe y HEKOIHKO
KOMHUCHja ¥ pagHux rpyna. Ynan je ogdbopa Mehynapoane rpyne muagux wianoBa Mehynaponne
dbenepanuje 3a koucTpykiujcku 6eton (International Federation for Structural Concrete, fib) xao
MPEJICTAaBHUK 3a capajiby Ca YHUBEP3UTETUMA W HMCTPAXHUBAUKUM HHCTHUTyTHMa. Ciyku ce
CPIICKHIM, €HTJIECKUM U UTAINJaHCKUM JE3HKOM.

2.0IIUC JUCEPTALIUJE

2.1. Caapxaj muceprarmie

JlokxTopcka nucepranuja Hukosne Tommha monx HacmoBom ,,Behaviour of reinforced concrete beams
made with recycled and waste materials under long-term loading* (ua cprickom je3uky ,,IToHamiame
apMUPaHOOETOHCKUX TPEIHHX €IEMEeHAaTa oJ1 OETOHA ca PEIUKIMPAHUM U OTIIAJHUM MaTepHjaimma
10J1 AYTOTpajHUM onTepehemeM™) caipxu yKymHo 673 cTpaHe, 0] KOjUX jé OCHOBHM TEKCT Ha 341
cTpanu. [{ucepTanuja je mucaHa Ha €HTJIECKOM Je3UKY U MOJIeJheHa j€ Y IIECT MOTJIaBJba:

1. VBonay nucepranujy

2. lTlpermen nuteparype — CKyILUbambe, TEYCHE U YTHON apMHUPaHOOETOHCKHX Ipea

3. ExcnepumeHTan HM Mporpam — MoHamambe apMUPAHOOETOHCKUX I'pefia Mo TyroTpajHUM
ontepehemeM

4. Pe3ynraTu eKcriepMMEHTAIHOT ITporpama

5. Amnanm3za, TUCKyCH]a U UMILTUKAIIM]Ee pe3yaTaTa

6. 3akpydnu

Hucepraruja canpxu 181 ciuky n 73 tabene. Crimcak muTHpaHe JIMTeparype caapxku 178 Hacmopa.
Ha mouetky mucepranyje je naT pe3uMe Ha CPIICKOM M €HTJIECKOM je3UKY, ca KIbYYHHM peurMa U
VYIIK Opojem. [lucepranmja camapku mmecT mpuiora. buorpaduja ayropa mata je Ha Kpajy
JUcepTaiyje.

Hucepranuja je TeXHUUYKH 0OJMMKOBaHa npema ymyrcTBuMa CeHara YHusepsutera y beorpany u
MOCEOHUM YIYTCTBMMA 3a OOJMKOBam-€ LITAMIIAHE M eNEKTPOHCKe Bep3uje Jokroparta. Caapiku



obaBe3Ha TOrjaBjba M oOpacie: M3jaBa O ayTOPCTBY, M3jaBa O HMCTOBETHOCTU EJEKTPOHCKE U
mTaMIaHe Bep3uje M u3jaBa 0 Kopuihemy.

2.2. Kparak npukas mojefMHayHuX HOIJIaBJba

OCHOBHH TEKCT pa3MarpaHe JOKTOPCKE JWCepTallije MMa IIeCT IOorJiaBba, Iperiien KopuiiheHe
JauTeparype u mect npuwiora. Ha modeTky TekcTa je gat caapikaj, crmucak ckpaheHuna u cumoOona,
U3jaBa 3aXBaJHOCTH, AllCTPAKT U CIHUCAK KJbYYHHX PEUM Ha CHIVIECKOM M CPIICKOM je3HKY Kao M
CIIMCKOBU CITMKa U Tabea.

VY YBOJHOM MOTJIaB/bYy Cy MPEACTAaB/bEHH OCHOBHH MPOOJEMHU OJPXKHUBOCTH Ca KojuMa ce cycpehe
CaBpeMEHa MHIyCTpHja OSTOHA M CaBpeMEHE apMUpPAHOOETOHCKE KOHCTpyKmuje. [IpeacraBibeH je
3Ha4aj ymorpede PpeIMKIUpaHUX W OTHAJHUX Marepujajia y TMPOU3BOAKBH OeToHa. Y OBOM
MOTJIaBJbY Cy Ne(hMHUCAHU IIHUJHEBH, METOIOJIOTHja U OpTaHHU3aIlHja TUCepTaIlije 1o MOTIaBbuMa.

VY nornasswy ,llpernen nurepatype — CKyIlJbame, TCUCHE W yrHOW apMUPaHOOETOHCKUX Tpepa’
IPBO Cy CyMHpaHa HajHOBHja EKCIIEPHMEHTAJIHA M TEOPHjCKa Ca3Hama y Be3W ca ()eHOMEHHMA
CKyIUbama W Te4ewa OeToHa. HakoH Tora je mpe3eHTOBaHa TEOpPHjCKa OCHOBA MpOpadyHa yruda
apMUpPaHOOETOHCKUX eJleMeHara moj nyrorpajuuMm omnrepehemeM. [Ipernemom mmreparype cy
3aTuM o00yxBaheHM Haj3HAYajHUJU MOJEIM 3a MPOpauyH CKyIJbalba M Teuema OeToHa M 3a
npopadyH yruba apMHpaHOOETOHCKHX elleMeHaTa. Y OBOM IOTJIaBJbY je moceOHa naxkma nocsehena
TPEHYTHHUM ca3HamuMa 0 OCTOHY O perukiIupaHor arperara (euri. Recycled Aggregate Concrete,
RAC) u Oertony ca BenukuM canpxkajeM sereher nemena (enrn. High-volume fly ash concrete,
HVFAC), ocHOBHMM cCHCHU(PHYHOCTHMA HHUXOBUX (PH3UYKO-MEXAHHMUKHUX KapaKTEPHCTHKA,
CKyIJbaFha M TEUCHa Kao M IMperjie]] MOCTOjehnx NCIUTHBamkba apMUPAHOOETOHCKUX €JIeMEeHaTa O]
OBHX O€TOHA MOJ KPAaTKOTPajHUM U JYroTpajHUM onTepehemeM.

VY mnornaBmpy ,ExcnepumMeHTanHM mporpaM — TOHAIIalke apMUPAaHOOETOHCKMX Tpeda IoJ
OyroTpajHuM onrepehememM™ je onucan mporpaM UCIUTHBAKbA KOJH je YKIbYYHBAO MPOU3BOABY TPU
pasnuunTe OETOHCKE MemaBHHE: OeToH ca mpupogHum arperatom (enrs. Natural Aggregate
Concrete, NAC), RAC u HVFAC, OeroHcke y30pKe M apMHUpaHOOETOHCKE Tpere. Y OBOM
MOTJIaBJby Cy TPUKA3aHW Pe3yNTaTH WCIUTHUBamba KOMIIOHEHTHHUX MarepHjaja KOpUIIheHuX Yy
MPOU3BO/IIbM HMCIUTUBAHMX OETOHCKHMX MeIIaBMHA Kao M MHUXOBe peuentype. JleramsHo je
o0jalImbeH HAa4MH IPOU3BOJIIE apMUPAHOOETOHCKHUX TIpEeIHUX eJeMeHaTa W mparehux y3opaka,
MOCTYNAaK HHUXOBE HEre M HAauMH UXOBOI HUCHHUTHBaKma. YKYNHO je wu3paheHo miect
apMHUpPaHOOETOHCKUX I'pell CTATUYKOT CHCTEMa MPOCTE Tpesie, pacioHa 3.2 M — JiBe Tpejie 01 CBake
6eroHcke memaBuHe. CBe Tpelie cy apMUpaHe UCTOM KoiauuumHOM apmarype. Ilo jenna rpeaa of
cBake OETOHCKE MellaBHHE je onTepeheHa HakoH 7, a Ipyra HakoH 28 maHa. OnTepeheme je Tako
onabpaHo Jla je OJHOC HAloH HpUTHCKa/uBpcToha GeTOHa MpU MPUTHCKA Y TPEHYTKY HaHOIIEHa
ontepehema jeHaK 3a CBE Tpejie ontepeheHe npu UCToj CTapoCcTH: 0Baj oAHOC je u3nocuo 0.60 3a
rpene onrtepehene HakoH 7 maHa u 0.45 3a rpene ontepehene HakoH 28 nana. CBe rpezae cy ouie
Mo KOHCTaHTHUM ontepehemem 450 nana o TpeHyTKa HaHOIIeHa onTepehema.

[Ipuka3 pe3ynraTta eKCHEpUMEHTAJIHOI TporpamMa je JaT y Torjlasby ,,Pesynratu
eKcIepuMeHTaIHor nporpama‘. [IpBo cy npuka3zaHu pe3ynTaTu UCIUTHBaba PU3NIKO-MEXaHUUKUX
KapaKTepUCTHKAa OETOHCKMX MellaBHHA (3alpeMHHCKa Maca, YBpCToha Mpu MPUTHCKY U 3aTe3amy,
MOJYJI €1acCTUYHOCTH). 3aTHUM Cy IMpHUKa3aHU pe3yJITaTH HCIHUTHBAaKkA CKyIJbakha M TeUeHma Ha
OETOHCKMM y30pLlMMa W Ha Kpajy pe3yiaTaTh HCIUTHBAaka IIECT apMHUPAHOOETOHCKHUX T'PEIHUX
eleMeHaTa IMoja AyrotpajHuMm ontepehemem (yrubu, npciauHe, Aunatainuje). Pesynratu cy
KOMEHTapHucaHH y cMucity Mel)ycoOHor nopehema pesynTara pa3auuuTHX OETOHCKUX MEIIaBHUHA.

[Tero mornassbe, ,,AHaM3a, TUCKyCcHja W MMIUIMKAIIM]Ee pE3yiTara‘ mpeicTaBiba IEHTPATHUA €0
JUcepTanyje y KOMe Cy aHalu3UpaHW Pe3ylATaTH COINCTBEHOI EKCIEPUMEHTATHOT HCIHUTHBAMA
33jeTHO ca TPETXOJHO IyOJUKOBAaHUM pe3ylITaTHMa JAPYTHX WCTPaXKWBada O yruOuma
apMHUPaHOOETOHCKHX TPEIHMX eleMeHara Mo Ayrorpajuum ontepehemem. [IpBo cy aHanm3upaHa
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1IBa, y MPaKCH, JOMHHATHA MOJIENIa 3a IPOpavyyH yruda apMUpaHOOETOHCKUX eleMeHara u momohy
CTaTUCTHYKE aHanmm3e Oa3e momataka moctojehux pesynrara yruba tpena ox NAC Gerona
MPEeUIOKEHE Cy KOPEKIIHje OBUX Mojiena. HakoH Tora cy 0Bako KOPUTOBaHHU MOJIENIN PUMEHCHU 32
npopauyyH yruba apmupanoOeroHckux enemeHata ox RAC u HVFAC Gerona. Ilomohy
CTaTUCTHYKE aHaj 3¢ 0a3e MojaTaka cacTaBJbeHE O/ CONCTBEHHUX M MOCTOjehuX eKcrepuMeHTaTHUX
pe3yiTara, U3BEelIEHH Cy 3aKJby4ld 0 MOTYhHOCTUMA HBUXOBE TIMPEKTHE MPUMEHE Ha EIeMEHTE OJ1
OBHX O€TOHA.

Onmty 3ak/bydlld MCTPaXXKHUBamba, Ka0 M Mpernopyke 3a Oynyha ucrtpaxkupama Cy JaTH y HIECTOM
IIOTJIaBJbY.

Hakon cnucka aureparype, y HpUIO3MMa Cy JaTH HYMEPUYKHM MOJALM BE3aHU 33 UCHUTHBAE
0eTOHCKHMX MemaBuHa (OETOHCKMX Yy30paka W apMHPaHOOETOHCKHX Ipela) Kao M CBU IPOpPadyHH
CIPOBEJCHU Yy IE€TOM IOIJaBby 3ajefHO ca 0a3aMa IoJaTaka COINCTBEHMX U IPETXOJHO
00jaBJbEHUX TYhUX pe3ynTara Koju cy Ouiu KopuimheHu y aHaimM3ama y CKJIOIY JucepTaiuje.

3. OLIEHA JUCEPTALIUJE

3.1. CaBpeMeHOCT ¥ OPUTHHAITHOCT

beron je npyru HajkopumheHWju TPOM3BOJ Ha CBETY HAKOH BOAe, ca pactyhum TpeHaoMm
NPOM3BOAKE W HE3aMEHJbUB Trpal)eBUHCKM MaTepHjali, HApOYHTO y BHUJIY apMHpAHOT OeToHa U
moceOHO y 3eMJbaMa y pa3Bojy. Mehyyrum, Benuke KoIWYMHE OCTOHA KOje Ce MPOM3BEIY CBaKe
rO/IMHE 33aXTEBajy U BEJIMKE KOJIWYMHE MPUPOJHUX CHPOBHHA, KOMIIOHEHTHHUX Marepujana OeToHa.
[Topen moTpoOIIE OrpaHMYCHHUX HPUPOTHHX KAMEHHMX pecypca M IOCICAUYHOr HapyllaBama
JIOKAJIHOT KBAJUTETa XMBOTHE CPEIHHE, MocedaH, riiodalHu MmpolieM MpencTaBiba MPOU3BO/IbHA
[IEMEHTa ycliel Koje 0JIa3u JI0 eMHUCHje BEJIMKE KOJMYMHE TacoBa ca e(eKkToMm cTakiieHe Oamire.
[Topen cBera oBora, mpoOJieM NpeaCcTaBibajy M cTape OETOHCKE KOHCTPYKIMjEe KOje HaKOH HCTeKa
HBUXOBOT YIOTPEOHOT BeKa OMBajy CpyllIeHe, a OSTOHCKHU OTHaJl OJUI0KEH Ha JACTIOHH]E.

[TpoTexyinXx HEKOIMKO JAeLEeHHja, UCTpaXHBayd Cy y IOTpa3u 3a OJPKUBUM alTepHaTHBaMa
TPAAUIIMOHAIIHOM HA4YMHY TPOU3BOAKE OeToHa. J[Be MOryhHOCTH KOje HyJe BEIMKU MOTEHIU]all
jecy ymnotpeba pelUKIMpaHHX W OTHAJHUX MaTepujana y MpoM3BOIAmHM OeToHa. Pernuximpamem
OeToHCKOr oTmaga ce jgobuja arperatr ojn pernukiupanor Oerona (enrit. Recycled Concrete
Aggregate, RCA) koju ce MoXe UCKOPUCTHTH 3a mpousBoamy RAC Gerona. Ha oBaj HauuH ce
mrTene NpUPOAHH pecypcu (ycien uzderaBama Kopullhema MPUPOJHOI arperata) U CMamyje
KOJIMYMHA OTMajJa ojaj0xeHa Ha jnenonuje. lTo ce ynorpebe oTnaaHux MaTepHjaia THYe, HajBehn
NMOTEHIMjall HyAW TpuMeHa Jereher memena, HYCHpOHW3BOJA caropeBama yrjba y
TepMOeJNIeKTpaHama, Kao 3aMeHa Jena neMmeHta y npousBoawmu HVFAC Gerona (6eroHa y xome
nerehu neneo unHu HajMame 30% yKynHE KOJMYMHE MaTepujajia ca IEMEHTHUM cBojcTBUMaA). Ha
OBaj HauMH ce uckopuiihaBa OTHaA M CMamyje yNOoTpeOs/beHa KOJMYMHA LIEMEHTAa, a CaMUM THM
1ITe 1€ IPUPOJIHU PECYPCU U CMamby]y EMUCH]€ TacoBa ca €eKTOM CTakJeHe Oarire.

Hocanamma ucrtpaxkuBaba RAC u HVFAC 6Gerona ce y naneko Hajsehoj mepu 6aBe (huznuko-
MEXaHUUYKHMM KapaKTepucTHKama oBuX 0eToHa. CKylsbame U TeUeHEe OBUX OETOHA j€ HCIIUTUBAHO Y
3Ha4ajHO Mamwo] Mepu. llITo ce apMupaHOOETOHCKHX eJeMeHaTa O]l OBUX OeToHa THYe, MOCTOje
pellaTUBHO OpOjHA MCTIMTHBAaKA IMOjSAMHAYHUX elIeMEHaTa U KOMIUIETHHX KOHCTpykiuja og RAC
0eToHa 1Mo/ KPaTKOTpajHUM onTepehemeM Kao M HEKOJIMKO MCIUTHBAaMkA M0jeIMHAYHUX eJleMeHaTa
on HVFAC O6erona, takohe mox kpatkotpajuum omnrtepehemeM. MelyTum, kaja cy y NUTamy
UCIHUTHBamka apMmupaHoOeToHckux enemenara og RAC um HVFAC Gerona moj ayrorpajHuM
onrepehemem, y cirydajy RAC GetoHa mocToju camo HeKoJuKo pesynrara aok 3a HVFAC Gerone
MPAKTUYHO TaKBH PE3YJITATH HE MOCTOjE.



VY ToMm cMucity, OBa AucepTaiuja ce 6aBu BpJO CaBPEMEHUM MPOOIEMOM KOjU C€ OJHOCH Ha yruoe
apMHUPAHOOETOHCKUX eJieMeHaTa — MpoOJEeMOM KOjH TIOCTaje CBE aKTYCJIHUJU W 3HAYajHUJH TIPH
MIPOjEeKTOBAY APMUPAHOOETOHCKUX KOHCTpyKIMja. Hapouwt pompuHOC aucepranuje jecy H
EKCIIEpUMEHTAITHU pe3yaTaTtu yruda apmupanoderonckux rpena onx RAC u HVFAC Gerona kojux
y mocrojehoj nureparypu umMa Beoma Maino. Takole, pe3yiaratu aHamuse AUCEpPTALHje UMajy
TPEHYTHY MPAKTHYHY BPETHOCT H MOTYNHOCT NMPUMEHE Y TPAKCH.

3.2. OcBpT Ha pedepeHTHY U KOpUITNEHY JUTEPATYPY

VY u3panu oBe MOKTOpcKe aucepranuje je kopuintheno 178 OomOmmorpadcekux jenununa. Behuny
pedepeHn yMHE pamoBH 00jaBJbeHH Yy BPXYHCKMM MeEhyHapOIHMM dYacomHcHMa TOMYT
Construction and Building Materials, Engineering Structures, Journal of Cleaner Production,
Materials and Structures, Structural Concrete u ACI Structural Journal kao u pagoBu o0jaBibeHH Ha
3Ha4YajHUM MelyHapoIHMM KoH(epeHIMjamMa, W3BEIITajd HCTPAXKUBAYKUX IpoOjeKaTta H
MehyHapogu  craHmapau  y  oOJacTM  MCIHMTHBAmba  Marepujaia W [POjeKTOBamba
apMUPaHOOETOHCKUX KOHCTPYKIIH]a.

Hajsehu 6poj pedepennn je HoBujer naryma: 120 pedepennn je mybaukoano HakoH 2000. roaune,
on uera /0 usmehy 2010. u 2017. rogusne.

3.3. Onuc ¥ aIcKBaTHOCT IIPUMEELCHUX HAYYHUX METOJIa

Pan y nucepranuju je peanu3oBaH MapajeHOM MPHUMEHOM TEOPHUJCKOT MPHUCTYIa OCIOHKEHOT Ha
MoJIaTKe JIOOMjeHe W3 JIMTepaType W MPAKTHYHOT TMPHUCTYNa 3aCHOBAHOT HA COINCTBEHOM
EKCIIEPUMEHTAIIHOM UCTPAKUBABY.

3a carnenaBame mocrojehux casHama W3 TpeaMeTHE O00IacTH MPHUMEHEHE CY CTPYKTYpaliHO-
(GbyHKIIMOHATHA U KOMIApaTUBHA aHalu3a 00jaBJbEHUX pe3yliTaTa Kao M CHHTE3a JOoCaJallllbux
UCTPAXMBama, JIOK je 3a IUIAHUPamke W aHAM3y pe3yliTaTa eKCIEPUMEHTATHOT HCTPaXHBAmba
MPUMEHEHA XUIMOTETHYKO-AeTYKTUBHA METO/IA.

Y OKBHpY €KCIIEpUMEHTATHOT HCTPAKUBAmkha W3BPIICHO j€ WCHHUTHUBAKE KapaKTEPHUCTHKA
komnoHeHTaaHuX Matepujana u 6etoHckux NAC, RAC nu HVFAC memaBuHa.

Ha OeroHckuMm y3opuuMa cy HUCHUTHBaHe (U3MUKO-MEXaHHUE KapaKTEpUCTUKE MeEIlaBHHA:
3allpeMUHCKa Maca, yBpcroha MpH MPUTUCKY U 3aTe3amy, MOIYJ €IaCTUYHOCTH, CKYIUbame U
T€UeHhe, a Ha AapMUPAHOOETOHCKMM TIpelamMa jeé HCHUTHUBAHO IIOHAIIAKE 0] JIYTOTpajHUM
onrtepehemeM MepemeM yruda, NpciivHa U AuiaTanuja.

VY aHanu3u CcOTncTBEHHX M MmocTojehux pesynrara KopuiiheHe Cy CTaTUCTUUIKE METO/Ie HCITUTHBAbA
pacmojiene CiIy4ajHHX MPOMEHJbUBUX KA0 U CTATHCTUYKU TECTOBU Mopehema Cpellbux BPeIHOCTU
Pa3IMUUTUX Y30paKa.

HaBenene meTone McTpakuBama Cy BpPJIO CaBPEMEHE M y NMOTIYHOCTH IPUMEPEHE 3a NPUMEHY y
MIPEIMETHOM HUCTPAKUBAY.

3.4. [IpuMEeHIBUBOCT OCTBAPEHUX PE3YIITATA

Pesynratu nobujeHu y okBUpY HCTpaxuBama ykasyjy: (1) ma je moryhe mo0ospIiaTé TauHOCT U
npeuu3HocT nocrojehux mozena 3a mpopauyH yruba apmupaHoberoHckux enemenara ox NAC
O0eTtoHa moj ayroTpajaum ontepehemem u (2) 1a je y3 AoaaTHE KOpeKirje, Moryhe mIpuMEHUTH OBe
Mojienie 3a mpopadyH yruba apmupanoberoHckux einemenara on RAC u HVFAC Gerona mox
nyrotpajauMm onrtepehewem. IloceOHO je HarjameH 3Haudaj y3uMama y OO3HMp pa3iHuuTOr
CKYIJbaha U TeUEHa OBUX OETOHA.



JloOujeHn pe3ynTaTe Cy MOCIEAHIIA CTATHUCTUYKUX aHAIM3a CIPOBEACHHX Ha OOMMHHM 0Oa3zama
nmojataka W y3 NyOJWKOBaHE HYMEpWUYKe TMpujore omoryhaBajy Hamorpaamy y OymayhHOCTH.
KopuroBanu mozenu 3a mpopadyH yru0a Koju Cy pe3yiTaT OBE JUCEPTallMje CE€ MOTY JUPEKTHO
MPUMEHUTH y TIPOjEKTOBakY apMUPAHOOETOHCKUX KOHCTPYKIIH]A.

3.5. O1ieHa JOCTUTHYTHX CIIOCOOHOCTH KaHAMAATA 38 CAMOCTAIHU HAay4HH paj

Kanagunar ce y oKBHpY CBOje JOKTOPCKE AUCEpTanuje 0aBHO HU3y4aBaKEM M KPUTUYKOM aHAIH30M
JOCTyIHE pedepeHTHE JHUTEepaType, Kao W IUIAHHPAEEM, CIPOBOhEeHmEM, 00paoM U aHAIM30M
pe3ynaTaTa eKCIIEPUMEHTAJIHOI HCTpakKuBama. CHCTEMAaTHYHUM IPUCTYIIOM IIOCTaBJHEHOM
npobneMy, moBe3yjyhu pa3nuyure CerMeHTe Hay4YHO-HCTpaKuBaukor pana, Huxonma Tommh je
YCHELIHO PELINO MMOCTAaBJbCHE 3a/IaTKE U JI0Ka3a0 Jia Moceayje CIIocOOHOCT 3a CAMOCTAIIHU Hay4YHO-
UCTPAXUBAYKH Pl

4. OCTBAPEHU HAYYHU JOIIPUHOC

4.1. ITpukas ocTBapeHNUX HAYYHUX JOIPHUHOCA

VY okBupy nokropcke nucepranuje Hukone Tomuha octBapenu cy cnexehn HaydyHH JOTPHHOCH:

1. UsBpueno je nopehemwe ckymibama u Teuema 6etonckux NAC, RAC u HVFAC memaBuna
kao u yruba apmupanoOeronckux rpega ox NAC, RAC u HVFAC O6erona, y3
eKCIUIAaHATOPHY JUCKYCHU]y Pe3yJITara;

2. Tlpemnoxkena cy mobosplnama nmocrojehux Mosena 3a nmpopadyH yruda apMUpaHOOSTOHCKHX
enemenata on NAC OeroHa, Ha OCHOBY CTAaTMCTHYKE aHalu3e oOuMMHe Oa3e mojaTaka
EKCIIEPUMCHTATHUX Pe3yJITaTa,

3. Ilpemnoxkene cy morpeOHE KOpEKIUje Mojelia 3a MpopayyH yruba apMHUpaHOOETOHCKUX
eyieMeHaTa kako o6u owim npumemuBr Ha enemente o RAC u HVFAC 6erona.

4.2. KpuTryka aHaimsa pe3yiarara UCTPaKUBamba

UctpaxkuBauku pan Hwukone Tommha, wmact. wHX. Tpal). Ha HCTpakuBamy TMOHAIIAKHA
apmupanoOetonckux rpeaa ogq NAC, RAC u HVFAC 6erona noa ayrorpajaum onrepehemem je
omoryhro dopmynucame HOBHUX H3paza 3a MPOpauyHCKE MOjeine yruba apMHUpaHOOETOHCKHX
eneMeHara 1 wuxoBy npuMmeny Ha RAC u HVFAC 6erone.

Y  ucTpaxuBamy je CHPOBEACH PUTOPO3aH CKCIEPUMEHTAIHH IPOTpaM  HCIHTHBAKbA
apMHUPaHOOETOHCKHUX TpeAa IMOJA AyroTpajHuM omnrepehemeM Koju 3axTeBa OOMMHE MpPHUIIPEMHE
aKTUBHOCTH W TAauyHO M TIPEIU3HO crnpoBoheme. JloOujenu pesynratu omoryhaBajy u3Boheme
3aKkJby4yaka Kao M ynorpeOy oJ] cTpaHe IpyruxX UCTpaKuBada Kpo3 HyMEepUUKe MpUJIore.

HcnutuBama y OKBHpY amcepranuje cy yrBpawia Behe ckympame RAC Getona y ogHOcy Ha
koHTposHH NAC 6eton u mame ckymsbatbe HVFAC 6erona takohe y ogHocy Ha koHTposiHu NAC
oeron. Teuewe RAC Oerona je 3Hauajuo Behe ox teuea HVFAC Gerona, a pesynraTa cy
MoKa3aJid Ja He IOCTOjU 3HayajaH YTHIA] CTApoCTH Npu ontepehuBamby Ha BEIHMUUHY
Koe(UIMjeHTa TeueHkha.

IlITo ce apMupaHOOETOHCKHMX TIpega TuYe, YTBpheHo je aa edekaT crapocTd OeToHa TNpu
ontepehuBamy HHje 3HaYajaH W Ja 3a YCBOJEHY JUCIIO3UIM]y E€KCIIEPUMEHTa, YCBOJEH OJIHOC
HaroH/4BpcToha MpU MPUTUCKY Y TPEHYTKY onTepehrBama Kao U yCBOjeHO apMUpake rpe/ia, 0IHOC
KpajibH/TI0YeTHH YTHO, 33 CBHX IIIECT UCITUTAHUX Tpena, m3HocH 2.03—2.36.



Ananu3zoM oOuMHe 0a3e MojaTaka EKCIEPUMEHTATHUX pe3yiTara yruda apMHpaHOOETOHCKUX
rpena oq NAC 6etona mox myrotpajaum ontepehemem, ¢popMmynucane cy Kopekimuje moctojehnx
MoJielia TpopadyHa pajgd IMocTh3ama Behe TauHOCTH M MPEUU3HOCTH, Kao U Oosbe (usnuke
3aCHOBAHOCTH ofipel)eHnx mapamerapa MpopauyHCKUX MOJeNa.

OBako ¢GopMynucaHu MOJENH Cy NPUMEHEHHW Ha 0a3w mojaraka o 26 EKCIepUMEHTATHUX
pesynTara yruba apmupanoderoHckux rpeaa onx RAC G6eTona y3 npenBuhame CKyIJbaba U TEUCHA
RAC 6erona momohy nocrojehux mMozaena TOCTYMHUX y JIUTEpATypH. AHAIM30M je MOKa3aHo Ja je
3a aJIcKBaTHY NPUMEHY MPEIUIOKECHUX MOjelia 3a MpopadyH yruda HEOMXOIHO y3uMame y 003up
U3paKeHHjer CKyIubama U Teuera RAC GeToHa. Y TOM cilydyajy HE MOCTOjH CTaTUCTUYKH 3HAYajHA
pasnuka y mnpenusHoctn Mozena uismely mpopauyna yruba rpema oq RAC u NAC OGetona.
Mehytum, 3a hopMupame KOMIUIETHHX IOCTYyINaKa MpopadyyHa yruba apMupaHoOETOHCKUX Tpena
on RAC Gerona HeonxoaHo ja GopMmynrcame aHATMTHYKUX M3pasa 3a npeasul)ame CKylbama U
Te4YeHmha OBUX OETOHA.

KopuroBanu wMonmenu 3a mpopadyyH yruba Cy TIPUMCEHCHH H Y aHAJIW3U COICTBEHHX
eKCIIepUMEHTATHUM pe3yiaTatuma Ha rpegama ox HVFAC Oetona. AHanu3oMm je MOKa3aHO
3HA4YajHO OJICTyName MpenBuhama MoJeNia O] ECKIICPUMEHTAIHUX pe3yiTara Koje ykasyje Ha
paznumuuTy edekar canejcTBa 3arerHyror o6eroHa y rpemama ogq HVFAC Gerona y mopehemy ca
ynopenuuM rpeaama ox NAC 6erona. MehyTtum, 3a u3Boheme npenu3Hujux 3akJbydaka HEOMXO0qHO
je crpoBoleme T0NaTHUX WCIUTHBAaKkA C 0O3MPOM J1a Cy COINCTBEHM PE3YITATH YjeIHO M jeAWHHU
nocrojehu pezyntatu yruba rpeaa onx HVFAC 6etona.

4.3. Bepudukanuja Hay4HUX JOOPUHOCA

VY toky uzpange nuceprauuje, Hukona Tomwuh je mehynapoanoj u pomahoj, Hay4HO] U CTPYYHO]
JaBHOCTH MPEACTABHO CBOj paj Kpo3 cienehe mydmukanuje:

Kareropuja M21a:

1. Marinkovi¢, S., Dragas, J., Ignjatovic, 1., TeSi¢, N., 2017. Environmental assessment of green
concretes for structural use. J. Clean. Prod. 154, 633-649. doi:10.1016/j.jclepro.2017.04.015

2. Tosié, N., Marinkovi¢, S., Dasi¢, T., Stani¢, M., 2015. Multicriteria optimization of natural and
recycled aggregate concrete for structural use. J. Clean. Prod. 87, 766—776.

3. Tosié, N., Marinkovi¢, S., Ignjatovi¢, 1., 2016. A database on flexural and shear strength of
reinforced recycled aggregate concrete beams and comparison to Eurocode 2 predictions.
Constr. Build. Mater. 127, 932-944.

Kareropuja M21:

4. Ignjatovi¢, 1., Marinkovi¢, S., Tosi¢, N., 2017. Shear behaviour of recycled aggregate concrete
beams with and without shear reinforcement. Eng. Struct. 141, 386-401.
doi:10.1016/j.engstruct.2017.03.026

Kareropuja M22:

5. Dragas, J., Tosi¢, N., Ignjatovié, 1., Marinkovi¢, S., 2016. Mechanical and time-dependent
properties of high-volume fly ash concrete for structural use. Mag. Concr. Res. 68, 632—-645.

5. 3AK/bYYAK U NPEJIOT

VY okBUpY AOKTOpCKE AMCEepTaluje moj HacioBoM ,,Behaviour of reinforced concrete beams made
with recycled and waste materials under long-term loading™ (#a cprckom jesuky ,,Ilonariame
apMUPaHOOETOHCKUX TPEHHUX eeMeHarTa o]l OETOHA ca PELUKIMPAHUM U OTIIaJHUM MaTepujanuMa
MO/ JyroTpajHUM onTepehemeM) H3BPILIEHO je EeKCIEePUMEHTATHO WCIUTHBAKE IOHAIIamkha
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apMUPaHOOETOHCKUX TI'peia 0]l KOHBEHIIMOHAIHOT OeTOHa, OETOHA ca PEUMKIMPAHUM arperaroMm u
OCTOHA ca BETUKHUM cajprkajeM JeTeher mernena, moa AyrotpajuuM onrepehemem. [Ipennoxkena je
KOpeKIrja mocrojehrx MeXaHM4KUX MOJIeNia 3a MPopadyH yruda apMUpPaHOOETOHCKHX €lIeMeHaTa U
BIXO0BA IPUMEHA Ha OETOHE ca PeUKINpaHuM arperatoM u serehum nenenom. Excnepumentannn
pe3ynTaTé M pa3BUjEHU TPOPAYYHCKH MOJIEIH Y OBOj JIOKTOPCKO] TUCEPTAIUjU MPEICTaBIbajy
OpPUIMHAJaH W BpEeJaH HAy4YHH JONPUHOC Yy 0ONacTH OETOHCKMX KOHCTPYKIMja M OIPIKHBOT
rpaheBunapcTBa. Takole, KOpUTOBaHM MOJENM 3a MPOpauyH yruda KOju Cy pe3yiTaT OBe
AMcepTanyje ce MOTy OAMax W JUPEKTHO NPHUMEHHUTH Y IPOjeKTOBabY apMHUPaHOOETOHCKUX
KOHCTPYKILIH]a.

Komucuja cmatpa na ypahena mokropcka mucepranuja kanauaata Hukone Tommha, mMact. MHX.
rpal). y IOTIYHOCTH HCITyHaBa CBE 3aXTEBaHEe KPUTEPHjyMeE H Jia je KaHAUIAT UCIOJbHUO CIIOCOOHOCT
3a caMOCTaJlaH HayYHO-UCTPAKUBAYKH PaJl y CBUM (azama u3paje OBe Aucepraluje.

Komucuja mpeanaxe HacraBHo-HayuHoMm Behy na ce JOKTOpcKa aucepTraindja TOJ HACcJIOBOM
,,.Behaviour of reinforced concrete beams made with recycled and waste materials under long-term
loading* (Ha cprickoM je3uky ,IloHamame apMUpPaHOOCTOHCKUX TPEIHUX elieMeHarTa oJ OeToHa ca
PELUKIMPAaHUM U OTHAJAHUM MaTepujaiuMma MoJ Ayrotpajuum ontepehemem*’) kanauaara Hukome
Tommha, macT. uHX. rpal). mpUXBaTH, U3I0KKA HA YBHJ JABHOCTH W YIIYTH Ha KOHAYHO YCBajarbe
Behy nayunux obnactu rpalheBHHCKO-ypOaHUCTHUKMX Hayka YHuBep3uTeTa y beorpany, kao u na
HAaKOH 3aBpIIETKa OBE NPOIEAYpE IMMO30BE KaHAWJATa Ha yCMEHY OJOpaHy JHcepTamuje Tpen
Komucujom y uictom cacraBy.

YJAHOBU KOMUCUJE
beorpan, 27.11.2017.
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