YHUBEP3UTET Y BEOTPAAY
I'paheBuncku daxyarer

HACTABHO-HAYUHOM BEhY

IIpeamer: Pedpepat o ypaberoj Aoktopckoj aucepramuju kanauaata Mapka Operrkosrha

Oaaykom 6p. 231/13-17 oa 24.11.2020. roaune nmeHoBaHH cMO 3a 4AaaHOBe Komucuje 3a mperaea,
OIleHy 1 OAOPaHy AOKTOpPCKe Aucepranmje kaHAumAata Mapka Opemkosuha, mact. mmx. rpab., 1moa
HACAOBOM:

MIX DESIGN METHODOLOGY OF HOT MIX ASPHALT WITH HIGH CONTENT OF
RECLAIMED ASPHALT PAVEMENT

HacAoB Ha cprickoM je3mky:

METOAOAOTI'UJA ITPOJEKTOBAIHLA BPYRUX ACOPAATHUNX MEIITABHMHA CA
BHUCOKHMM CAAPKAJEM CTPYTAHOI' ACOAATA

ITocae mperaeaa AOCTaBAS>CHE ACEPTALIM]E M APYTHX IIPATChUX MaTepHjaAd K PA3TOBOPA €A KAHAHAATOM,
Komucnja je cagnnmaa caeachu

PE®OPEPAT

1. YBOA
1.1. Tloaamu o IpoIIEAYPH IIPHjaBoUBAE-A U IIPEAAje AICEpTAIIT]je

Ha ceamurmm Beha Karteape 3a myrtese, eaesmmie m aepoapome oapxamoj 25.05.2017. Mapko
OpermxoBuh je jaBHO M3AAra0 IIPEAAOKEHY TEMY AOKTOPCKE AMCepranuje oA HacAoBoM ,,Mix Design
Methodology of Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement® (za cprickom
»MeTopoaoruja mpojekToBarba Bpyhux acaATHHX MEINABHHA €A BHCOKHM CAAPXKajeM CTPYTAHOT
acdaarta“). Komucuja y cacraby npod. ap 3aenka Ilomosuh, B. mpod. ap I'opar Maaserosuh u aor.
Ap Ayka Aazapesuh je IpUXBATHAA IIPEAAOKEHY TEMY.

Oaaykom HacraBro-nayunor seha I'pabesunckor daxyarera 6p. 231/1 oa 01.06.2017. roause,
oapebena je Kommcnja 3a omeny HaydHe 3aCHOBAHOCTH TEME AOKTOPCKE AMCEPTALHjC IOA HACAOBOM
,»Mix Design Methodology of Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement® (za
cprckoM ,,Meroaoaornja IpojekroBamba BpPyhux acaATHHX MEINABHHA Ca BHCOKHM CaAPIKAjeM
crpyrasor acdaara®) y cacrasy B. mpod. Ap l'opan Maaaenosuh, mpod. ap Nicolas Bueche (Bern
University of Applied Sciences, Switzerland) u Ap Sara Bressi (University of Palermo, Italy). IlosuruBan
ns3pemraj Komucmje 3a OmeHy HaydHE 3aCHOBAHOCTH TEME AOKTOPCKE AMCEPTAIIMjE YCBOJEH je Ha
ceannn Hacrasao-mayanor seha I'pahepunckor dakyarera oapikanoj 29.06.2017. roaune (oaayka Op.
231/10 oa 30.06.2017. roamme). Behe mayunmx obaactu rpaheBHHCKO-ypOAHUCTHYKAX —HAyKa
Vunsepsurera y Beorpaay ma ceanmmm oapxanoj 04.07.2017. (oaayka 6p. 61206-2691/2-17 oa
04.07.2017. roanHE) yCBOJHAO je IIPEAAOT TEME AOKTOPCKe Auceprariuje kanauaaTa Mapka Operrkosuha.

Kasamaar je ypabeny aokropcky amceprarimjy mpeaao Cayx0Ou 3a cryAeHTCKa murama ['pabesurckor
dakyarera 09.11.2020. roanne.
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1.2. Hayuna obaacr Aucepramnuje

Tema AOKTOPCKE AMCepTanyje IpHIaAa HayqHO] obaactu I'paheBumapctBo u yk0j HaydHO] obAacTH
I'pabemse 1 oApraBambe IyTeBa M a€pOAPOMA, Koja je aedurucana Craryrom I'paheBunckor daxyarera
VYuusepsurera y beorpaay.

PapoBu mybanxoBann y MehyHApOAHIM wacomucuMa KOju KBaAn(UKYjy MeHTOpa B. Ipod. Ap I'opama
Maaaenosuha 3a Bobheme AOKTOpCKe AncepTanmje Cy:

1. Radevi¢, A, Isailovi¢, 1., Wistuba, M.P., Zaki¢, D., Oreskovi¢, M., Mladenovi¢, G. (2020). The
Impact of Recycled Concrete Aggregate on the Stiftness, Fatigue, and Low-Temperature
Performance of Asphalt Mixtures for Road Construction, Sustainability 2020, 12, 3949,
d0i:10.3390/su12103949

2. Cirilovié¢-Stankovig, J., Mladenovi¢, G., Queiroz, C. (2019), Impact of CO: Emissions on Low
Volume Road Maintenance Policy: Case Study of Serbia, Transportation Research Record: Journal of
the Transportation Research Board, National Research Council & SAGE Publications, pp. 1-9, ISSN:
2169-4052, DOI: 10.1177/0361198119854083

3. Mirkovi¢, K., Tosié¢, N., Mladenovi¢, G. (2019), Effect of Different Types of Fly Ash on
Properties of Asphalt Mixtures, Advances in Civil Engineering, vol. 2019, Article ID 8107264, 11
pages, DOI: 10.1155/2019/8107264

4. Radevi¢, A., Durekovi¢. A., Zaki¢, D., Mladenovi¢, G. (2017). Effects of recycled concrete
aggregate on stiffness and rutting resistance of asphalt concrete, Construction and Building
Materials, 136, (2017), 386—393, http://dx.doi.org/10.1016/j.conbuildmat.2017.01.043

5. Cirilovi¢, J., Mladenovi¢, G., Queiroz, C. (2015). Implementation of Preventive Maintenance in
Network-Level Optimization: Case Study of the Serbian Low-Volume Road Network,
Transportation Research Record: Journal of the Transportation Research Board, No. 2473, National Research
Council, Washington D.C., USA, pp. 49 — 55. DOI: 10.3141/2473-06

6. Cirilovic’,]., Vajdi¢, N., Mladenovi¢, G., Queiroz, C. (2014). Developing Cost Estimation Models
for Road Rehabilitation and Reconstruction — Case study: Projects in Europe and Central
Asia, ASCE  Jowrnal of  Construction — Engineering — and — Management, 140(3), 040130065,
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000817

1.3. DBuorpadcku IIoAALM 0 KAHAUAATY

Mapxo Opemkosuh poben je 19.03.1988. roaune y Ilargesy. Ocrnopny mkoay ,,”Kapko 3pemannu’ y
Kauapesy je 3apprmo kao HOcuaan Bykose ammmaome, a rumuasujy ,,Muxajao Ilymua y Kosaunmm.
I'pabesumcku dakyater YHuBepsurtera y beorpaay ymucao je 2007. roause, rae je aumaomupao 2011,
roaune Ha OACEKy 3a IIyTeBe, JKEAE3HHIIE U a€OPAPOME, ca rrpocednoM oreHoM 8.11 u onenom 10 Ha
AMIIAOMCKOM PaAy ., Henumusarwe xamernoz Gpanitia sa mpumeny y acasmmuum Memasunama npema esponckum
Hopmama . buo je AcoOnTHHK cTHIeHAH]E U3 (POHAA HEDKeEbepa baaroja Jepuha 3a usyserHe pesyarare
nocrurayre Ha npeamernma Kareape 3a myreBe, acpoapoMme u xkeAesHure y mkoackoj 2010/2011.
ropuan. OAMax IIO 3aBPINETKy OCHOBHUX CTyAHMja VIIHCAO CE€ HA MACTEp aKAACMCKE CTYAHje Ha
I'pabeBunckom daxyarery YHusepsurera y beorpaay, koje je 3aprauo 2012. roamHe ca IpocedHOM
orieroM 9.29 u onenom 10 Ha 3aBPIMHOM PaAy ,,Ywuyaj npumene cmpyearoe acgasmmo: Mamepujana ta
Kpymocm acganmnux memasuna‘. bro je nobntHuk Harpase u3 douaa Mucruryra 3a caoOpahajuure u
T€OTEXHHKY 34 HAjOO/SU MACTEP PaA Ha MOAYAY L1yreBu, skeAesHuIE H a6pOAPOMU OADPAEBEH Y IIIKOACKO]
2011/2012. TokoM peAOBHHUX CTyAHja OHO je aHIaKOBAH KAO CTYACHT-AGMOHCTPATOP HA IPEAMETHMA
KoaoBosue koucrpykiuje n OAp:KaBame Iy TeBa.

Aoxropcke cryamje Ha I'paheBurckom dakyarery Vausepsurera y beorpaay ymucao je 2012. roaune.
[Toao:xuo je cBe ncmuTe IpeABUhEHE IPOIrPaMOM AOKTOPCKUX CTYAH]a €A IIPOCEYHOM OrieHoM 9.63.

Oa jamyapa 2013. roamme oaaykom IsGopmor seha I'pabeBunckor dakyarera VmuBepsurera y
Beorpaay, nzabpan je y 3Barbe aCHCTEHTA-CTYACHTA AOKTOPCKHX CTYAHja 3a YKy HaydaHy oOAacT I'paherse
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U OAP’KaBAIbE ITyTEBA U A€POAPOMa, Ha KaTeApH 3a [ Iyrese, seaesHuIie u aepoapome, a oA jaryapa 2016.
IOHOBO m3abpaH y umcro 3Bame. Ha ceannnn Hacrasuo-mayunor seha I'pabeBunckor dakyartera y
Beorpaay oaprxanoj aama 13.12.2018. roanne u3abpaH je y 3Barbe UCTPAKUBAYA CAPAAHHKA.

Kao ayrop u xoayrop je 00jaBro 28 HCTPAKUBAYKIX PAAOBA, OA Y€ra IET y YaCOIIMCHMA HHACKCHPAHUM
ua SCI ancru. Msaarao je paaose Ha Burre Aoomahux o MehyHApOAHNX HAYYHHX B CTPYYHHX CKYIIOBA.
Mapxo Opemropuh je amraxosan Ha Ilpojexry MunmcrapcTBa, IIPOCBETE, HAYKE K TEXHOAOIIKOTL
pasoja Penybauke CpOuje TP36017 |, Uompancusarwe mozyhirocmu npumene omnadnux # peyuriuparnix
Mamepujana y GemoncKuM KOMROSUMIUMA, (4 OYEHOM YIuyaja Ha Husomnuy chbedury, y yusm)y npomoyyje o0picuso:
epahesunapemsa y Cpouu* m Ha OHAATEPAAHOM IIPOjeKTy ca YumuBepsurTeroM y Ilusm, Mrasmja, moa
HasuBoM ,,Hot mix Asphalt with bigh Reclaimed Asphalt Content (HARAC), a 6uo je aHraxosaH u Ha
OHAaTEPAAHOM IPOjeKTy ca YHuBepsuteroM y bpayrrmsajry, Hemauxa, moa masusom ,,Fatigue and self-
healing properties of bitumen and asphalt mixtures (EASPHALT)" Uaan je nexoauko RILEM-0BUX TeXHIYIKIX
KoMuTeTa M paAHux rpyma (204-RAP: Asphalt Pavement Recycling, 279-WMR: Valorisation of Waste and
Secondary Materials for Roads, FBB: Fingerprinting bituminons binders using physico-chemical analysis).

Kao Aeo cTpy4HOr paaa, y2eCTBOBAO je ¥ H3PAAU HACJHUX IIPOjeKaTa, Ipojekara 3a rpaheBHHCKY AO3BOAY
U IpojeKaTa 3a H3BODEIbe, a IIOCEAYje M AMIICHIY OATOBOPHOI IIPOjeKTaHTa. AKTHUBHO YYECTBYjE Y
ncnuTHBakbuMa Y Aaboparopuju 3a K0AOBO3He KoHcrpykiuje I'pabeBunckor dakyarera. Kamamaar
AKTHBHO OBOPH CHIACCKH JE3HK U CAYKH C€ HEMAYKIM j€3UKOM.

2. OITVIC AICEPTAIITHJE
2.1. Caapoxaj aucepranmje

Aoxropcka aucepraruja Mapka Opemkosrha moa HacaosoMm ,,Mix Design Methodology of Hot Mix
Asphalt with High Content of Reclaimed Asphalt Pavement” (ma cpmckom ,,Meroasoaoruja
HpojexroBarba Bpyhux acpaATHHX MEIIABHHA Ca BHCOKHM CaAp)KajeM CTpyraHor acdaara®) CaAp:Ke
ykyrmHO 158 crpama, oA kojux je ocHoBHE TekcT Ha 105 crpama. Amcepraruja je IECaHA Ha CHIACCKOM
JE3HIKY H IIOAE/HEHA j€ Y CEAAM TIOTAAB /oA

1. VBoAHU AcO

2. Varepakimja usmehy Ourymena u3 crpyraHor acasTa M aANTHBA 34 PCLIUKAHPAIGE: IIPETACA
AHTEpATypE

Meroaoaormja HCTpaKHBAEA

Marepujasn, mpurpeMa y30paka 1 METOAC HCIIHTUBAIbA

Meroaoaoruja IpojexToBarba aCPAATHUX MEIIaBUHA €A AOAATKOM CTPyraHor acdasra
ExcriepuMeHTaAHN PE3YATATH U AHCKYCHja

3axmydany u npernopyke 3a 0yayha ucrpakuparsa

oUW

~

Amcepramuja caapxu 93 camke Ha KOjuMa Cy IIPHKA3AHH AHjarpamu, nprtexu u dororpaduje
peAeBaHTHH 32 HAyCTpanujy Tekcra u 39 tabeaa. Crmcak nurupane aureparype caap:xku 196 Hacaosa.
Ha mowerky Amcepranumje je AaT pesrMe Ha CHTACCKOM H CPIICKOM jE3HKY, €A K/oYJIHUM PEUMMA.
Amuceprariaja caapku ceaaMm mpuaora. buorpaduja ayropa Aata je Ha Kpajy AHCEpTAIIH]E.

Amucepramuja je TexHHYKH OOAmKOBaHa mpema ymyrctBuMa Cemara Yuusepsurera y beorpaay u
ITOCCOHHUM YIIYTCTBUMA 32 OOAHMKOBAIbE IIITAMITAHE U CACKTPOHCKE Bepauje AokTopara. Caapiku obaBe3Ha
IIOrAaB/A>a M OOpaCIie: M3jaBa O ayTOPCTBY, U3jaBa O HCTOBETHOCTH CACKTPOHCKE H IIITAMITAHE BEP3HjC U
nsjaBa O KOpHuIhersy.

2.2. Kparak npuka3s ojeAHHAUYHUX IIOTAAB/boa
OCHOBHH TEKCT pa3MaTpaHe AOKTOPCKE AHCEPTAIIH]E CE CACTOJH OA CECAAM IIOTAAB/od, IIPETACAA
xopurmrhene anteparype u ceaaM mpraora. Ha moderky Tekcra ce HaAasH H3jaBa 3aXBAAHOCTH, CAXKETAK

U KA>Y9HE Pedr Ha CHIACCKOM U CPIICKOM je3HKY, crircak ckpahennma u cuMb0Aa, CaAPiKaj, KA0 U CIIHCAK
CAMKA 1 CUMOOAA.
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V mpBoM moraaBsy je mCTakHyT 3Hadaj mosehama caapikaja crpyrasor acdaara (RAP) y moBum
acdaatanm MmermaBuaama 1o Bpyhem moctymky (HMA), ka0 B KOMIIAGKCHOCT IIPOjEKTOBAHbA TAKBHX
MeImaBHHA. Y OBOM IIOTAABAY CY IIPHKA3AHU IIPEAMET H IIHACBH HCTPAXKHUBAIGA, 4 3aTHM  CY
IIPEACTaB/Ao>CHI METOAOAOIH]A M OPraHH3aIIja AUCEPTAIIM]E IIO IIOIAAB/ASHMA.

Apyro moraaBme je IOAC/HSCHO § ABAa AeAd. Y IIPBOM ACAY je IIPHKA3AH IIPETACA AHUTEpPAType Ca
AOCAAAIIEBIM HCTPAKUBALIMA ¥ Be3sH (DAKTOpa KOjU yTUYy Ha HHTepakunjy usMehy crpyramor acdaara
U aAWTHBA 32 PELHUKAHPAIbe. 3aTUM je IIPHUKA3aHO TEOPHUjCKO objamimerbe (Y BHAY YCIIOCTAB/oArba
jeAnHCTBEHUX Ae(pUHUIIN]A) U IPAKTHYHE CMEPHUIIC 34 IIPOIICHY IIApaMeTapa KOjH CY § AOCAAAILIEbO]
AUTEPATYpH OHANM HEjaCHO OOjalEbeHm: crermeHa axruBarmje omrymena um3 RAP-a (DoA), cremena
aocryraocta onrymeHa u3 RAP-a (DoAv) u Husoa ymerranoctu usmehy onrymena uz RAP-a n aautnsa
3a permkaupame (DoB) koju cy nponpahenn sakmydIuMa U IPeropyKaMa 3a Aasa HCTPAKHBAba. Y
APYTOM ACAY OBOI IIOTAABAA j€ AAT IIPHKA3 METOAA HCHHTHBAEbA KOPHINNEHHX y AOCAAAIIELHIM
HCTPAKUBAPHMA KAKO OM CE€ IIOMOIAO HAy4YHO] 32jCAHHII H CIPY4YHO] jaBHOCTH Aa IpoHabhy
oAroBapajyhe METOA€ 32 IIPOLIEHY HaBEACHHX Hapamerapa. Meroae Koje €y A0 caaa KopuirheHe cy
AETaAHO OIKCAHE, IIPUKA3AHE CY BBUXOBE IIPEAHOCTH U MAHE, 4 3ATHUM CY AATE U IIPEIIOPYKE 34 IBUXOBY
Aamy yrotpedy. Komaduno, Aar je 30MpHHE IIpHKa3 METOAA HCIINTHBAIA Koje omoryhasajy oapehusarse
(kBaHTH(DHKOBAIbE) IIAPAMETAPA KOJI CE OAHOCE Ha HHTEPaKIHjy usmehy Omrymena us RA4P-a n aautusa
3a peunnxauparse. MeTOAOAOIHja HCTPAKUBAIbA, Tj. KPATKA OIIMCH K IIOJEAHOCTaB/oCHE MATPHIIE
eKCIIepUMeHaTa, je omucaHa y Tpehem moraaBay. Taxkobe cy mpukasaHa u KpaTka OOjallliberba
AaDOPATOPHjCKHUX HCIIUTHBAIGA CIPOBEACHUX 32 IIOTPEOE U3PaAC AOKTOPCKE AMCEpTAILIH]e.

V 4eTBpPTOM IIOTAAB/ASY CY IIPUKA3AHE KAPAKTEPUCTHKE KOMIIOHEHTAAHUX MaTepUjaAd KOJU €y KopurrheHn
Y OKBHpY AHCepTaIje (HOB OMTyMEH, HOB arperar, aAUTHBH 32 PCLIHKAUPAIbE U CTPYTaHU acaaT), a
32THM Cy OOjaIlIbCHHE HAYHHU IIPHIIPEME Y30paKa y 3aBHUCHOCTH OA BpcTe mcrnmruBamsa. Ha kpajy cy
A€Ta/’HO OIIHMCAHE METOAE HCIIHTUBAIbA.

Ilero moraasase ce cacToju U3 ABa AeAd. Y IIPBOM je PasBHjeHA METOAOAOIH]A 3a OAPEHHBAIbE OIITHMAAHE
TeMIIepaType 3arpeBara cTpyraHor acdaara, ca HAH Oe3 A0AaTKa aanTuBa. [1o werupn ysopka RAP-a u
AAUTHBA 32 PCHUKAHPAIbE Cy IIPUIPEMsceHA § MapImaroBOM H JKHPOCKOIICKOM HaOMjady HAKOH
zarpeBarba Ha pasamdutaM temmeparypama (70°C, 100°C, 140°C, and 170°C), a0k cy ysopru
HAIpaBsdeHU caMoO 0A RAP-a mpunpemmenn u Ha AoAaTHO] Temmeparypu oA 190°C. 3ampemurcke
KAPAKTCPUCTUKE CBHX y30paka cy Omae oApehere mpe Mepersa IBHXOBE KPYTOCTH K 4UBPCTOhe mpm
MHAUPEKTHOM 3aTe3amby, ka0 u mpe mpopadyHa mapaMeTpa Clinge, KOJH IIPEACTaBAA OCETASHUBOCT
achaATHHX MCIITABUHA HA I10jaBy IyKOTHHA.

AobujeHn pe3yATaTH €y 3aTHM YKAyIeHH y mpobabuancrudky Metoay omrumusanuje (MorTte Kapao)
KaKO OH Ce OAPCAMAA OIITHMAAHA TEMIIEpaTypa 3arpeBarba RAP-a y 3aBucHOCTH OA HaunHa 30Hjama U
IIPUCYCTBA AAHTHBA 324 PCHUKAMparbe. PE3yATATH HCINTHBAIbA, TAYHHje KPYTOCT M uBpcroha Impm
MHAHPEKTHOM 3aTe3aIbY, Cy Takohe nckopurthenn u 3a oapehuBarse cTereHa akTHBAIMje OMTyMEHA U3
crpyraHor acdaATa y 3aBHCHOCTH OA TEMIICPaType IBCTOBOI 3arpeBamba. 10 je IIOCTHUTHYTO
ymopehuBameM HABEACHHX KAPAKTCPHUCTHKA Ca HCTHM KAPAKTCPHUCTHKAMa aC(PaATHE MEIIABHHE TAC j€
CHMyAHpaHA IOTIYHA aKTHBAIIM]ja OMTyMeHa (HajIIpe je eKCTPAXOBAaH OUTYMEH M3 CTPYraHor acaATa,
KOJH je HAKOH TOra OO H3AOKECH IIOCTYIIKY OTIApaBarba (PasABajarbe OMTyMEHA OA PACTBApada), I 3aTHM
IIOHOBO YMEIIAH Ca HCTHM arperaToM H3 CTPYraHor acdaAra).

V Apyrom AeAy OBOT IIOTAAB/AA j€ Pa3BHjEHA METOAOAOTH]A IIPOjekTOBama Bpyhe acdaaTHe MerraBuHe ca
BHCOKIM CaApPiKajeM CTPyraHor acdasTa, y oBoM cAy4ajy ca 50%, a koja ce MOMKe KOPHCTHUTH H 32
IpOjeKTOBatbe  aC(DAATHHX MCINABHHA UK CAa APYradujuEM  CaApiKajeM CTpyraHor —acdaara.
ExcmeprMeHTAAHH ACO HCIIUTHBAIGA j¢ OMO IMAAHHPAH Y CKAAAY €4 METOAOAOIHJOM KOja je¢ PasBHjCHA OA
crpane Aoaepra, TAe je 3a IOTpeOe HCIHTHUBAA IPUIPEMMDSECHO CeAAM ACPAATHUX MEIIABHHA Ca
PASAMYHTIM CaAp/KajeM aAWTHBA 34 PELUKANparbe 1 HOBOT OmryMmeHa. Ilo getmpu yzopka oA cBaxe
MEIIaBHHE je IpHIpeMsceHO Kopumrhemem MaprasoBor Habujada U 3aTHM €y oapebhere mHXOBE
3AIPEMHHCKE KAPAKTEPUCTHKE, Kpyrocr, uBpcroha mpm wnoaupekrHoM 3are3amsy M CTindes
ExcniepuMeHTAAHH IIOAAIM CY 3aTHM aHAAM3HUPAHU IIPHMEHOM METOAE OA3uBa moppruHe (Response
Surface Methodology - RSM) u passujenn cy oarosapajyhu moaean. I[ToysaaHocT pasBujeHIX MOAEAQ je
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AHAAM3BHPAHA IIPHMEHOM PASAMYHTUX CTATUCTUYKHX METOAZ, H OHHU Cy 3aTUM OHAN BEpPH(UKOBAHH
IIPUIIPEMOM ABE AOAATHE acaATHE MEIIABHHE, KOje CY Ha OCHOBY Pa3BHjEHHX MOAEAA 3aAOBO/SABAAC
oapehene Bpeanoctu mapamerapa. Ha ocHOBY pasBujeHHX MOAeAd, OApeheH je omTmMasHm caapixaj
AAUTHBA 34 PEIUKAHUPAEGE U HOBOI OHTyMeHa y achaATHO] MEIIABHHU KOja CE KOPHCTH 32 H3PAAY
noceher caoja ca 50% crpyrasor acdaara.

V IIectoM IIOrAaBAY €y HCIHTAHE TPH achaATHE MEIIABHUHE: KOHTPOAHA (KOja Ce CACTOjaAa OA HOBHX
Martepujaaa), u Memrapure ca 15% crpyrasor acdaara u ca 50% crpyranor acaaTa, IpojeKTOBaHE Y
CKAGAy Ca IIPOLEAYPOM AeHHUCAHOM y IeTOM IoraaBay. Oapebere cy caeache xapakrepucruie:
KPYTOCT, OCET/S>HBOCT HA ACJCTBO BOAE, OTIIOPHOCT Ha CMp3aBarbe 1 OAMp3aBarbe, IYKOTHHE (CTinde),
3aMop ¥ TpajHy Aecpopmanmjy (KoAoTpare).

V mocAeAmseM, CEAMOM ITOTAAB/ASY, CY IPUKA3AHH 3aK/AoYIIN AOKTOPCKE AUCEPTAIIH)E, KAO U IIPEIIOPYyKe
3a Oyayha mcrpaxuBarma.

Haxomn crmcka kopurthere Aureparype, y IPHAO3HMA j€ IIPUKA3aH ACO PE3YATATa HCIINTHBAMA, KAO U
moMohHH MaTepHjaA HOTPeOaH 32 AHAAU3Y PE3YATATA UCIIUTHBAA.

3. OILEHA AMCEPTAIIM]JE
3.1. CaBpeMeHOCT U OPUTHHAAHOCT

AoKTopcka AmcepTaigja ce OaBH CaBPEMEHHM IIPOOAEMHMA KOJH CE OAHOCE Ha IIEAOKYIIAH IIPOIEC
IIPOjeKTOBAba ACHAATHIX MEIABIHA II0 BpyReM ITOCTYIIKY ca BUCOKUM CaApPajeM CTPYraHor acaAra.
IIpojexToBarse TaKBUX IIPEACTAB/Ao>A BEAUKH H3230B YCAEA HEIO3HATOL ITOHAIIAMbA OCTAPEAOr OHTyMEHA
y HOBUM ac(PaATHHM MEIIIABUHAMA, IIOYEBINH OA IIPOIECA IIPOU3BOAIbE (CTECIIEH AKTHBAITH]E H
AOCTYITHOCTH OCTAPEAOr ODHTYMEHA, KA0 I HUBO YMEIIIABAMbA Ca AAUTHBHMA 32 PEIUKAUPALSE), 11 CBE AO
Kpaja BbEUXOBOT €KCIIAOATALIMOHOT Beka (edpekar audysuje). Ibuxose kapaxkrepucTuke ce 9eCTo pasAuKyjy
OA KapaKTEPHCTHKA MEIIABUHA Ca HOBHM MATEPHjaAnMa — OHE Cy Kpyhe yCAEA IIPHCyCTBa OCTAPEAOT
OmrymMeHa, 1 300r TOra Cy OCET/SHBHUjE Ha ITOjaBy IIYKOTHHA M HECKE TEMIIEPATYPE, AAU U OTIIOPHH|E Ha
Tpajay Aedpopmarinjy. Kako On ce KOMIIEH30BaAO IIPHCYCTBO OCTAPEAOTr OHMTYMEHA, 4 H A4 OH OH Y IIITO
Behoj MepH aKTHBHO yY€CTBOBAO y HOBOj MEIIABHHH, KOPHCTE CE aAHTHBH 3a PEIHKAHpame. To cy
IIPOM3BOAM HMHAYCTPH]CKOI HAHM AATEPHATHUBHOI IIOPEKAa, udja Om ymorpeba Tpebara Aa IOBpaTH
KAPAKTEPUCTUKE CTAPOr OHTYMEHA HAU A4 ITOOO/SINA CTEIICH AOCTYIIHOCTH H yMeImaBarba. Mebhyrmm,
KOAMYHHA aAUTHBA U /AU HOBOI OHTYMEHA KOjU CE AOAZje 3HAYAJHO 3aBUCH OA HABCACHUX IIapaMeTapa
U HEOIIXOAHO j€ OAPEAUTH OITHMAAHI CAAP:Kaj, ITOIITO IPEBEAUKA KOAMYIHA AOBOAU AO IIpOOAEMa ca
KOAOTpPA3HMa, a IIPpeMard KOAUIHHA AO IMPODAEMA Ca OCET/AHSHBOIINY Ha ACJCTBO BOAC M HA IYKOTHHE.
VipaBo 300r HABEAGHHX YHIbEHHUIIA j€ Pa3BHjeHA METOAOAOTHja IIPOjEeKTOBaba Koja oMmoryhapa
oApehuBarbe OIITUMAAHUX KOAHYNHA aAUTHBA M HOBOT OMTyMEHA.

AOCaAaIbe METOAE 32 ITPOJEKTOBAIbE AC(DAATHIX MEIITABIHA CA BUCOKHM CAAPKajeM CTPYTaHOT achasTa
IIOAPA3yMEBAjy Ad CE OCTAPEAH OHTYMEH y IOTIYHOCTH AKTHBHPA, AAH CE TO Y IIPAKCH PETKO ACIIIABA.
Aocapallipa HCTPAKUBAEBA CY AOKA32A2 AQ TEMIIEPATYPA 3arPEBarba CTPYTaHOr achaATa, KAO U IIPUCYCTBO
AAUTHBA 32 PELIHKAUPAIbE, 3HAYAJHO YIUUY Ha KAPAKTEPUCTUKE TAKBHX MerraBuHa. [IpBu mapamerap y
IIOCTYIIKYy IIPOH3BOAME aC(PAATHHX MEINAaBUHA CAa BHUCOKHM CaAp:kajeM crpyraor acdaara (HaKOH
oApehuBara OCHOBHUX KapaKTEPUCTHKA) je 0OApehuBarbe FbEroBe OITHMAAHE TEMIIEPATYPE 3arPeBarba
KOja He CMe OHTH IIPEBHINC HUCKA, IOIITO CE Y TOM CAyYajy HE MOKE Y IIOTIIYHOCTH AKTHBHPATH
ocTapeAn OMTYMEH, a HH IIPEBUCOKA, IIOIIITO CE OHAA HCTH MOZKE OIITETUTH. Y AOCAAAIIIIHO] AUTEPATYPH,
Ka0 HU Yy CTAHAAPAHU30BAHHM METOAAM4, JOII YBEK HE IIOCTOJH jaCHO Ae(pHHHCAHA METOAOAOTH]A 34
oApehuBarbe OITHMAAHE TEMIIEPATYpPE 3arpeBarba CTpyraHor acdaara. 300r Tora je y OKBHPY OBe
AVICEpTAIIHjEe PA3BHjEHA JEAHOCTABHA METOAOAOTH]A 32 OAPehHBaIbe OIITHMAAHE TEMITEPATYPE 3aTPEBaIha,
3aCHOBAHA Ha JCAHOCTABHUM AaOOPATOPH]CKIM OIIUTHMA. Y OKBHPY OBE AUCEPTAIIH]E je TAKOhe AOKa3aHO
Aa CTEIIEH AKTUBAIM]E 3HAYAJHO 3aBUCH OA TEMIIEPATYPE 3aTrPEBarba CTPYraHor achaATa, aAH je AOKA3aHO
u Aa ra muje Moryhe mpernmsao oapeamrn. 300r Tora je GHAO HEOIIXOAHO Pa3BHTH METOAOAOIH]Y
IpojeKkToBarka Koja he omoryhutu mpousBoAY achaATHIX MEIIABIHA €A KAPAKTEPUCTUKAMA CAMYHIM

MEMIABMHH Ca HOBHUM MATCPHjaAHIMA.
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AOIpHHOC AUCEpTALIHje YUHE U PE3YATATH HCIUTHBAIRA aC(PAATHE MEIIIABUHE IIPOJEKTOBAHE ¥ CKAAAY
ca Pa3BUjEHOM METOAOAOITJOM KOJH €y yIOpeheHN! ca pesyATaTHMA HCIUTHBARbA KOHTPOAHE MEIIIABUHE
u Mmermasube ca 15% crpyraHor acdaara, Aokasyjyhm Aa pasBujeHa MeTOAOAOTHja omoryhapa
IIPOHU3BOARY aC(DAATHE MEITABHHE €A BUCOKUIM CaAP/KajeM CTPYraHor acpaATa Koja MMa 3aA0BO/oaBajyhe
KapaxkrepucTuke. Pe3yAtarn HcIuTuBama MMajy TPEHYTHY IPAKTHYIHY BPEAHOCT M MOIVRAHOCT IIpUMEHe
y mpaxcu. Takobe, pasBujeHa METOAOAOIHja HMMa 3HAY4jaH IIOTEHLIMjaA Y IPHUMEHU y rpaheBHHCKO]
IIPAKCH.

Ha ocuosy IlpaBuaHHKA O IIOCTYIIKY IIPOBEPE OPUIMHAAHOCTH AOKTOPCKHX AHCEPTAIHja KOje ce OpaHe
Ha YHHEBEp3HUTETY Y beorpaay u Haaasa y usBeIirrajy us mporpama 71 henticate KOjuM je U3BpIIEHA IIPOBEPa
OPUTHHAAHOCTH AOKTOpCKe Amcepranuje ,,Mix Design Methodology of Hot Mix Asphalt with High
Content of Reclaimed Asphalt Pavement (ma cprckom ,,Meroporormja IpojekToBarsa Bpyhmx
acaATHUX MEIIaBHHA Ca BHCOKHM CaAap:kajeM crpyraHor acdaara®), ayropa Mapka Opernkosuha,
ITOTBphEHA je OPUIHMHAAHOCT OBE AOKTOPCKE AHCEPTAL]E.

3.2. Ocepr Ha pedpepeHTHY U KOpUIIheHY AUTEPATYPY

V mspaam oBe AOKTOpPCKe Ancepraruje kopurrhero je 196 6ubanorpadckux jeAnHmIa, oA gera cy 33
CTAHAAPAA U3 OOAACTH HCIIUTHBAIGA MATEPUjaAd U IIPOjEKTOBAEbA KOAOBOZHUX KOHCTpyKInja. Behmmy
pedepeHIn YuHEe paAOBK 00jaBoCHE § BpXyHCKHM MehyHapoarum gacomucuma oyt Construction and
Building Materials, Road Materials and Pavement Design, International Journal of Pavement Engineering, Fuel,
Transportation Research Record, Materials, Materials and Structures, Journal of Testing and Evaluation, ka0 1 paroBu
00jaB/oCHM HA 3HAYAJHIM MehyHApOAHHIM KOH@EpEHIIHjaMa, U3BEINTAjH HCTPAKUBAYKUX IIPOjeKaTa U
AOKTOPCKE AHCEPTALIH]C.

Hajsehu 6poj pedepennu je HoBujer aatyma: 150 pedepennn je nmybanxkosaro HakoH 2000. roanHe, OA
uera 75 y mepuoay usmehy 2015. u 2020. roanse.

3.3. Omnmuc 1 aA€KBaTHOCT IIPUMEHEHIX HAYIHHX METOAQ

PaA y AI/ICCpTaL[I/IjI/I jC peaAu30BaH IIAPAACAHOM IIPUMCHOM TCOpI/IjCKOF OPUCTyIIa OCAOEKBEHOT HA IIOAATKE
AO6I/Ij CHC M3 AHTCPATYpPE H IIPAKTHUYHOI IIPHCTYIIAa 3ACHOBAHOI Ha COIICTBEHOM CKCIICPHUMCHTAAHOM
HUCTPAKHUBAIBY.

3a caraepaBambe mocTojehmx casHama M3 IIPEAMETHE OOAACTH H3BPIIEHA j€ CHHTE3d AOCAAAIIELHIX
HCTPAKHUBAIA IIPHMCHOM CTPYKTYPAAHO-(DYHKIIMOHAAHC M KOMIIADATHBHE aHAAHM3C O0jaBACHIX
pe3yATaTa, AOK je 32 ITAAHHPAFbE U AHAAM3Y PE3YATATA EKCIIEPUMEHTAAHOT MCTPAKHBAGA ITIPHUMEEHEHA
XHUITOTETHYIKO-ACAYKTHBHA MCTOAQ.

V  OKBHPY EKCIICpUMEHTAAHOI HCTPAKHBAEA  H3BPIICHO j€  HCIHTHBAIE  KAPAKICPHUCTHKA
KOMIIOHEHTAAHHUX MATEPHjaAa, 4 3ATHUM Cy 32 ITOTpede Pa3BUjarba METOAOAOTH]E IIPOJEKTOBAbA, KA0 U 32
oApehuBame oIrEmMasHe —TeMIepaType 3arpeBarba CcrpyraHor acdaara, umcnmraHe —caeache
KAPAKTEPUCTHKE y30paKka IPUIIPEMACHIX Y MapIraAOBOM M KUPOCKOIICKOM HaOHMjady: 3aIIPEMUIHCKE
KAPAKTEPUCTHKE, KPYTOCT U uBpcToha IIPH HHAHMPEKTHOM 3aTe3amby. Y ITOCACAIO] (Pa3U EKCIIEPUMEHTA
ucrnrae ¢y caeache kapakrepucruke acaATHE MEITABUHE Ca HOBUM MaTEPHjaAHMA, KO U aCPAATHHIX
merrauaa ca 15% u 50% crpyramor acdaara (IIpOjeKTOBAHE y CKAAAY Ca PA3BHjCHOM METOAOAOTHOM):
3AIIPEMHHCKE KAPAKTCPUCTHUKE, KPYTOCT, OCET/SHBOCT HA BOAY, OTIIOPHOCT Ha 3aMOP, II0jaBy IIyKOTHHA
(CTindex), TPjEY AcOPMALIH]Y K 3AMP3aBAIGE X OAMP3ABAIHE.

V aHaAHM3H COICTBEHHX EKCIIEPHMEHTAAHHX PE3YATATA KOPHIINEHE Cy KOMIAPATHBHE M CTATHCTHIKE
MeTOAEe HcruTuBama. HabeaeHe MeToAe MCTpaKHBAaFEA Cy Y HOTHYHOCTH AACKBATHE 33 IIPUMEHY Y
ITPEAMETHOM HCTPAKHUBAIDY.
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3.4. TIlpuMeHAHUBOCT OCTBAPEHUX pe3yATaTa

Pesyaratu A0OHjeHN Y OKBHPY HCTPAKUBAIbA YKA3Y]Y:

1. Aa je mpuMEHOM pa3BHjeHE METOAOAOTH]Ee MOIyhe OAPEAHTH OIITHUMAAHY TEMEIIPATYPY 3arpeBarba
OHAO KOT CTpyraHor acaATa, Kao U yTHIA] AAUTHBA 32 PCLINKAUPAIbC HA CHIDKABAIBC TEMIICPATyPE
3arpeBarba;

2. Aa CTelleH aKkTHBAaIMje OWTYMEHA M3 CTPYraHOI acpaATa 3aBUCH OA TEMIIEPATYPE 3arpeBarba
crpyraHor acdanTa;

3. A2 je IPHMEHOM Pa3BHjCHE METOAOAOIH]E IIPOjeKTOBaba MOryhe OAPEAUTH OIITHMAAHHE CAAPIKA]
AAUTHBA 32 PCLUKAMPAIE U HOBOI OHUTYMEHA Y HOBOj ac)aATHO] MEINABHHE Ca BHCOKHM
caapkajeM crpyraHor acaara;

4. aamaae koamgmHe crpyraHor acasta (Ao 15%) y HOBOj acdaATHO] MEITABUHI HE YTHYIY 3HAYAJHO
HA IbEHE KAPAKTEPUCTHKE M TAKBA MEIIABUHA HMA CAMYHE KAPAKTEPUCTUKE KAO0 KOHTPOAHA
MEIIIaBUHA (Ca HOBUM MATE€PHJjaAHMA);

5. Aa accpanrHa mermaBuna ca 50% crpyrasor acdasTa MOXKE HMATH CAUYHE KAPAKTEPUCTHUKE KAO U
KOHTPOAHA MEIIABUHA YKOAHKO CE IIPHMEHH PAa3BHjEHA METOAA IIPOjeKTOBama Bpyhux acdasTHHX
MEIIIABUHA CA BHCOKHM CAAPKAj€M CTPYraHOT acdpaATa.

VsBeAeHM 3aKMAYUIM CY IIOCAGAHIIA aHAAM32 CIPOBEACHHUX Ha COIICTBEHHM EKCIIEPHMEHTAAHHUM
pesyaratimMa. Ilopea Tora, orceykHa aHaAn3a pe3yATara HCIUTHBAEGA H OODjaIlFbCIbE HHTEPAKIIH)E
nsMehy aAuTHBA 32 PEIUKAUpPAbe M OMTyMEHA H3 CTPyraHor acpaAra yKasyjy Ha MOIVAHOCT Aa ce

pCSyATaTI/I HpOI/ICTeKAI/I nu3 AHCCPTaHH]e MOTY HECMCTAHO KOpI/ICTI/ITI/I Y AasrxuM I/ICTpa}KI/IBaH)I/IMa, y3
HCOIIXOAHA AOAATHA MCITNTHBAXbA.

3.5. OmueHa AOCTUTHYTHX CIIOCOOHOCTH KAaHAWAATA 34 CAMOCTAAHU HAYYHHU PaA

KamamaaT ce y OKBHPY CBOje AOKTOPCKE AHCEPTAIHje OABHO H3YYaBAILEM U KPHTHIKOM AHAAH30M
AOCTYITHE PEACBAHTHE AUTEPATYPE, 3ATUM IIAAHUPAIHEM, CIIPOBONEHEM, OOPIAOM U AHAAH30M PE3YATATA
EKCIEPUMEHTAAHOT HCTPaKuBaba. CHCTEMATHYHUM IIPUCTYIIOM IIOCTaB/AS>EHOM ITPOOAeMy, moBesyjyhm
PA3AMYNTE CETMEHTE HAYYHO-UCTPAKUBAYKOr para, Mapko OperkoBuh je ycmemmso perrao
ITOCTAB/A>EHE 3aAATKE I AOKA320 Ad TIOCEAY]E CIIOCOOHOCT 32 CAMOCTAAHU HAYUHO-HUCTPAKHBAYKH PAA.

4. OCTBAPEHUNM HAYUHH AOITPMTHOC
4.1. TIIpuxa3 ocTBapeHUX HAYYHUX AOIPUHOCA

V okBupy Aokropcke ancepranuje Mapka Opemkosrha ocTBapeHu ¢y cAeAehr HayIHH AOIIPHHOCH:

1. VcmocraBreHH €y jJeAHHCTBEHH TEPMUHH H ODJalllIbeEbd TEPMHUHA KOJH CY Y AOCAAAIIIBO)
AUTEpaTypu OHAM HejacHH (CTEIICH AKTHBAIHjC OHUTYMEHA U3 CIPYIaHOT acaATa, CTCIICH
AOCTYIIHOCTH OHTyMEHA U3 CTpyraHor acdasTa K CTEIEH yMellaBama (MHTepakirmje) msMehy
OHTyMEHA U3 CTPYTaHOr acpaATa M AAUTHBA 32 PEIIHKAUPAILE);

2. PasBmjena je meTopoAormja oApehuBarba OIITHMAAHE TEMIICPATYPE 3arPeBarba CTPYTAHOT aC(PaATa;

3. PasBujeHa je METOAOAOIH]A IIPOjEKTOBAbA BPYNUX ac)aATHUX MEIIABUHA CA BHCOKHM CAAPIKAjeM
crpyraor acdaara (50%);

4. Aokaszano je aa acpasrHe MermaBuue ca 15% u 50% crpyraHor acdasta MOIY HMATH CAHYHE
KapaKTePUCTHKE KAO K KOHTPOAHA MEITaBUHA (HAIIPABA>EHA OA HOBUX MAaTEPHjaAd).
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4.2. Kpurnuka aHaAu3a pe3yATara HCTPA’>KHUBAHA

Wcrpaxupauku pap Mapka OperkoBuha, mact. mepk. rpah. ce 0aBHO HCINTHBAIREM Y OOAACTH
penukAnpaHux acaATHHX MEIIABHHA Ca IHAeM oBehama ymorpebe crpyranor acdasra y HOBUM
acpaATHIM MEIIaBIHAMA.

V  OKBHUpPy HCTpaXHBAama je CIPOBEACH HH3 AaODOPATOPHjCKHMX  HCIHTHBAmba, BehmHOM
CTAHAAPAHN30BAHIX, KOja 3aXTEBajy TEME/SbHE IPUIIPEME U IIPEIHU3HO CIpoBoheme. Aobujern pesyATaTn
omoryhasajy usBoherme 3aKk/oydaKa, Ko H yIIOTPEOY OA CTPAHE APYIUX UCTPAXKIBAYA.

Wcnurusarma y OKBHPY AUCEPTALIHjE CY YIBPAHAA Aa je Moryhe (Ha AabOpaTOpHjCKOM HUBOY), IIPUMEHOM
Pa3BHjeHE METOAOAOTH]E, HAIIPABUTH AC(DAATHY MEIIIABUHY Ca BUCOKHUM CaApiKajeM CTpyraHor acdpaara
KOja HIMa CAUYHE, KO He 1 00/5¢ KAPAKTEPUCTHKE y Hopehemsy ca achaATHOM MEIIaBHHOM HAIIPAB/SCHOM
oA HoBux Mmatepmjasa. [loceOHo ce mcrmdy mosehama OTHOPHOCT HAa CMp3aBarbe M OAMP3ABAIbE,
OTIIOPHOCT Ha KOAOTPAre U 3aMOp.

Kaxko Ou pasBujeHa METOAOAOTH]a MOTAQ Ad IMa IITHPY YIOTPeOY y IPAKCH, HEOIIXOAHO je CIIpOBOheme
AOAATHUX HCIIITHBAEGA y IIOTACAY YIIOTPEOE PASAMYUTHX KOMIIOHEHTAAHUX Marepujasa (RAP-a, HoBor
OmTyMeHa U aAUTHBA 334 PELIUKANPAbE), BpcTe aCPaATHHUX MEIIaBUHA (33 U3PaAy Xabajyher, Be3HOT HAN
woceher caoja) um xoamumue crpyraHor acdaasra. Takohe Oum TpeOaAO HCTPAKHUTH ITOHAIIARE
IIPOjEKTOBAHUX aC(PAATHHX MEIIIABHUHA TOKOM AYKET BPEMEHCKOT IIEPHOAA Y PEAAHUM YCAOBHMA.

4.3. Bepudmukanmja HAayIHUX AOIIPHHOCA
V Toxy mspaae amceprarmje, Mapko OperkoBuh je mehyrapoaro] n Aomahoj, Hay9HO] U CTPYUHO]
jABHOCTH IIPEACTABHO CBOj paA Kpo3 caeache mybankarrmje:

Kareropuja M21a:

1. Oreskovi¢, M., Menegusso Pires, G., Bressi, S., Vasconcelos, K., Lo Presti, D. (2020)
Quantitative assessment of the parameters linked to the blending between reclaimed

asphalt binder and recycling agent: A Iliterature review. Construction and Building Materials,
Volume 234. DOI: 10.1016/j.conbuildmat.2019.117323

Kareropmja M21:

1. Bressi, S., Santos, J., Oreskovi¢, M., Losa, M. (2019) A comparative environmental impact
analysis of asphalt mixtures containing Crumb Rubber and Reclaimed Asphalt Pavement

using Life Cycle Assessment. International Journal of Pavement Engineering. DOL:
10.1080/10298436.2019.1623404

2. Lo Presti, D., Vasconcelos, K., Oreskovi¢, M., Menegusso Pires, G., Bressi, S. (2019) On the
Degree of binder Activity of reclaimed asphalt and Degree of Blending with recycling
agents. Road Materials and Pavement Design. DOI: 10.1080/14680629.2019.1607537

Kareropmja M33:

1. Oreskovi¢, M., Porot, L., Trifunovié, S., Mladenovié, G. (2020) Empirical, rheological and
chemical properties of recycled binder blends with rejuvenators at different ageing levels.
RILEM International Symposinm on Bituminuons Materials, December 14-16, Lyon, France

2. Oreskovi¢, M., Mladenovi¢, G., Bressi, S., Losa, M. (2018) Optimal waste cooking oil dosage
In blends containing aged binder. In: Adpances in Materials and Pavement Prediction (AM3P 2018),
April 16-18, 2018, Doha, Qatar

3. Oreskovi¢, M., Bressi, S., Lo Presti, D., Di Mino, G. (2017) Influence of bio-based additives
on RAP clusteting and asphalt binder theology. In: 10" International Conference on the Bearing
Capacity of Road, Railways and Airfields, June 28-30, Athens, Greece.
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1. Oredkovie M., Ciilovié J., Mladenovi¢ G. (2013) Performance of asphalt mixtures with
increased content of recycled asphalt matetial In Proceedings, 14" Colloguinm on asphalt and
bitumen, 28-29 November 2013, Bled, Slovenia., pp. 1 57-167

5. 3AKMOYUAK M IIPEAAOT

V OKBHPY AOKTOpCKC ANCepTAIITje NOA HacAOBOM ,,Mix Design Methodology of Hot Mix Asphalt with
High Content of Reclaimed Asphalt Pavement™ (ua cpnckom ,MeToAoAorHja npojekTOBarba Bpyhux
ACPAATHIX MCIIABHHA €A BHCOKHM caapwaje crpyranor acasta) Hajupe je mpeAdokena
MeToA0AOTIja OApehIAIRA ONTHMAAHE TEMIIEPATpE 3arpeparsa CTYraror accharTa, 4 3aTHM o
OPWNITIRAANA METOADAOTH]A pojeKToBabA ACHAATHHX MEIIABHHA €2 BHCOKMM caapiKajeM CTPYTaHOT
acdpa.\'ra. PES)"ATHTH CKCIlCPH'NCHTaA“HX HCTPLKIBAA KO}E Cy CITpOBEACHA OA CTpane KAHAHMAATA, Ka0 H
PASBITJEHIN KOHIEIT METOAOAOTH]E, PEACTAB/oA]y OPHTIHAAAH HAY4HU H CTPYIHM AONPHHOC ¥ 06AACTH
rpabesnuapcTsa. PesyATaTI HCTPWKIUBAILA FMajy IPAKTITHY NPHMEHLY, 2 MOTY A3 LIOCAYAE H KA0 OCHOB
32 Aa’>a HAYTHA MCTPAKHBAFLA ¥ OBOj 0DAACTH.

Konuicnja cMatpa Aa ypahena AOKTOPCKa AICEPTallH]a KAHAHAATA Mapka Openmopuha, MacT. umk. rpah.
MPEACTaBva BPEAAR N 3HAYAjaH AOMPHHOC IPOJCKTOBAFGY CABPEMEHITX, PELEKAMPAHNX acainmx
MEIIaBAA KOjC CC CBE DiIIe KOpHCTe mimpom cpera. Komucuja cmatpa aa AHCEPTALH]a ¥ TTOTIYHOCTH
HACOYF:2Ba CBE 31XTEBAHE KPHTEPITYME KOjH CE OA AOKTOPCKE AMCEpTAIje OYeKyjy, Kao If A e KAHAHAAT
HCIOAHO CIIOCOBHOCT 33 CAMOCTAAQH HAYYHO-MCTPAXKMBAYKH pap y cemM asama M3pase OBe
AHCEpTAmITE.

Cxoaso nperxoanom, Konmcuja npeasaxe Hacrasno-zayaHoM sehy ['pabesmmckor daxyaTera
Vunsepsutera y Georpaay aa ce Aoxropcka AHCEpTAIH|a TTOA HACAOBOM ,,,,Mix Design Methodology of
Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement (Ha cpockoM ,,Meropororuja
npojextoBarsa Bpylurx achaATHEX MEUIABHHA €A BICOKIM CAAHKAjeM CTPYTAHOT acchanTa") KAHAHAATL
Mapka Opewxosnha, Mact. mek. rpal). H3AONIT HA YBHA jABHOCTH, OPAXBATI I YUYTH HA KOHAYHO
yesajase Behy Hayarirx 06AacTH rpaheBHHCKO-YPOAHHCTHKIX HAYKA Vunsepsurera y Beorpaay, xao 1
A3 C HAKOH 32BPINIETKA OBE HPOLCAYPS KAHAHAAT ITO30BE Ha jaBHY 0ABpaHy AMCEPTALHje Ha CHIAECKOM
)ﬂul{.}'.

Beorpaa, 04.12.2020. UYAAHOBU KOMHCH]E

\QLQJQ,\_\, C""*j
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UNIVERSITY OF BELGRADE
Faculty of Civil Engineering

To the Academic Council
Topic: Review report of the doctoral thesis of PhD candidate Marko Oreskovi¢, MSc CE

According to the decision of the Academic Council of the Faculty of Civil Engineering, University of
Belgrade, No. 231/13-17 dated to November 11, 2020, we ate elected as members of the Committee for
the review, assessment and defence of the doctoral dissertation of PhD candidate Marko Oreskovié, MSc
CE, titled:

MIX DESIGN METHODOLOGY OF HOT MIX ASPHALT WITH HIGH CONTENT OF
RECLAIMED ASPHALT PAVEMENT

In Serbian:

METOAOAOT'UJA ITPOJEKTOBAIHA BPYRUX ACOAATHHUX MEIITABHMHA CA
BHCOKIMM CAAPXKAJEM CTPYTAHOT ACOAATA

After reviewing the submitted dissertation and after discussions with the candidate, the Committee has
prepared the following

REPORT

1. INTRODUCTION
1.1. Chronology of the approval for research on the doctoral dissertation

On the meeting of the Council of the Chair of Roads, Railways and Airports held on May 25, 2017,
Marko Oteskovi¢ publicly presented the topic of his doctoral dissertation titled ,,Mix Design
Methodology of Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement® (in Serbian
»MeToAoAormja mpojekToBaba Bpyhmx acaATHHX MCIIABHHA Ca BHCOKHM CAAPKajeM CTPYTAHOT
acanra®). The Committee that was formed by the Council of the Chair of Roads, Railways and Airports
and composed of Prof. Dr Zdenka Popovi¢, Associate Prof. Dr Goran Mladenovi¢ and Assistant Prof.
Dr Luka Lazarevié, accepted the proposed topic and suggested to the candidate to submit the proposal
of the dissertation to the Academic Council of the Faculty of Civil Engineering.

According to the decision of the Academic Council of the Faculty of Civil Engineering, No. 231/1 from
June 01, 2017, Prof. Dr Goran Mladenovié, Prof. Dr Nicolas Bueche (Ber University of Applied Sciences,
Switzerland) and Dr Sara Bressi (University of Palermo, Italy) were appointed as members of the
Committee for the assessment of the scientific justification of the doctoral dissertation proposal titled
“Mix Design Methodology of Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement (in
Serbian ,,MeToaoAormja mpojexkToBara Bpyhux acaATHUX MEITaBUHA Ca BICOKIM CAAPIKAjeM CTPYraHOr
acdaarta”®). The positive Report by the Committee for the assessment of the scientific justification of the
proposal of doctoral dissertation was accepted on the meeting of the Academic Council of the Faculty
of Civil Engineering held on June 29, 2017 (decision No. 231/10 dated June 30, 2017). The final approval
for the research and title of the doctoral dissertation was given by the decision of the Academic Council
of Technical Sciences of the University of Belgrade at the session held on July 04, 2017 (decision No.
61206-2691/2-17 dated July 04, 2017).

The candidate submitted the completed doctoral dissertation to the Office of student affairs of the
Faculty of Civil Engineering on November 11, 2020.
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1.2. Scientific field of the dissertation

The topic of the doctoral dissertation belongs to the scientific field of Civil Engineering and to the
scientific sub-field of Construction and maintenance of roads and airports defined by the Statute of the
University of Belgrade’s Faculty of Civil Engineering. Dr Goran Mladenovié, professor at the Faculty of
Civil Engineering, University of Belgrade was proposed as the supervisor of the doctoral dissertation.
Publications from international journals which qualified Prof. Dr Goran Mladenovi¢ to be the supervisor
are:

1. Radevi¢, A, Isailovi¢, 1., Wistuba, M.P., Zaki¢, D., Oreskovi¢, M., Mladenovi¢, G. (2020). The
Impact of Recycled Concrete Aggregate on the Stiftness, Fatigue, and Low-Temperature
Performance of Asphalt Mixtures for Road Construction, Sustainability 2020, 12, 3949;
doi:10.3390/5u12103949

2. Cirilovié¢-Stankovig, J., Mladenovi¢, G., Queiroz, C. (2019), Impact of CO: Emissions on Low
Volume Road Maintenance Policy: Case Study of Serbia, Transportation Research Record: Journal of
the Transportation Research Board, National Research Council & SAGE Publications, pp. 1-9, ISSN:
2169-4052, DOLI: 10.1177/0361198119854083

3. Mirkovi¢, K., Tosié, N., Mladenovi¢, G. (2019), Effect of Different Types of Fly Ash on
Properties of Asphalt Mixtures, Adyances in Cipil Engineering, vol. 2019, Article ID 8107264, 11
pages, DOI: 10.1155/2019/8107264

4. Radevi¢, A., Durekovié. A., Zaki¢, D., Mladenovi¢, G. (2017). Effects of recycled concrete
aggregate on stiffness and rutting resistance of asphalt concrete, Construction and Building
Materials, 136, (2017), 386-393, http://dx.doi.org/10.1016/j.conbuildmat.2017.01.043

5. Cirilovi¢, J., Mladenovi¢, G., Queiroz, C. (2015). Implementation of Preventive Maintenance in
Nerwork-Level Optimization: Case Study of the Serbian Low-Volume Road Network,
Transportation Research Record: Journal of the Transportation Research Board, No. 2473, National Research
Council, Washington D.C., USA, pp. 49 — 55. DOI: 10.3141/2473-06

6. Cirilovic’,]., Vajdi¢, N., Mladenovi¢, G., Queiroz, C. (2014). Developing Cost Estimation Models
for Road Rehabilitation and Reconstruction — Case study: Projects in Europe and Central
Asia, ASCE  Journal of  Construction — Engineering — and — Management, 140(3), 040130065,
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000817

1.3. Biography of the candidate

Marko Oreskovié, MSc CE was born in Panéevo on March 19, 1988. He finished primary school “Zarko
Zrenjanin” in Kacarevo as a holder of Vuk’s diploma, and gymnasium “Mihajlo Pupin” in Kovacica. He
enrolled in 2007 at the study program Civil Engineering at the Faculty of Civil Engineering of the
University of Belgrade. He has finished Bachelor academic studies at the Module for Roads, Railways
and Airports in September 2011 with diploma work in Pavement engineering, titled "Quality control of
stone filler for use in asphalt mixtures according to the European standards". The average mark was 8.11,
and the mark of diploma work was 10. He has received a scholarship from the Fund of Engineer Blagoje
Jevri¢ for outstanding results achieved on the subjects of the Department of Roads, Airports and Railways
in the school year 2010/11.

Mr Oreskovic¢ started attending the master academic studies at the study program Civil Engineering,
Module for Roads, Railways and Airports in the school year 2011/12 and defended Master thesis “The
influence of reclaimed asphalt concrete on asphalt mixtures stiffness” on 9 October 2012. The average
mark on master studies was 9.29, and the mark of master thesis was 10 which was awarded as the as the
best master work on the Road, Railway and Railway Module in school year 2011/12. During studies
Marko Oreskovi¢ was engaged as a student-assistant on the courses Pavement design and Road
maintenance.
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Marko Oreskovi¢ enrolled in the doctoral studies at the study program Civil Engineering at the Faculty
of Civil Engineering, University of Belgrade in 2012/13 and passed all the exams with an average mark
of 9.63.

Marko Oreskovi¢ was employed from January 2013 to January 2020 at the Faculty of Civil Engineering
as a PhD Student — Teaching Assistant in the field of Construction and maintenance of roads and
airports. He was appointed as a Research assistant at the Academic Council of the Faculty of Civil
Engineering, which was held on December 13, 2018.

As the author and co-authort, he published 28 research papers, from which five in journals indexed in the
Science Citation Index (SCI) list. He presented his research results at several national and international
scientific conferences. He participates in research project TR 36017 of the Ministry of Education, Science
and Technological Development of the Republic of Serbia titled "Investigation of the possibility of using
waste and recycled materials in concrete composites, with an environmental impact assessment, in order
to promote sustainable construction in Serbia" as well as in bilateral project with the University of Pisa,
Italy, titled ,,Hot mix Asphalt with high Reclaimed Asphalt Content (HARAC)“. He has also participated in
bilateral project with the University of Braunschweig, Germany, under the title ,,Fatigne and self-healing
properties of bitumen and asphalt mixctures (EASPHAILT) He is member of RILEM’s technical committees:
279-WMR: Valorisation of Waste and Secondary Materials for Roads and FBB: Fingerprinting bituminous binders
using physico-chemical analysis and working groups of the technical commitee 264-RAP: Asphalt Pavement
Reeyeling.

As part of his professional work, he participated in the development of conceptual designs, building
permit designs and construction designs, and is licenced engineer in Serbia. He actively participates in
testing in the Pavement Research Laboratory at the Faculty of Civil Engineering. The candidate speaks
English fluently and speaks German.

2. OUTLINE OF THE DISSERATION
2.1. Content of the dissertation

The doctoral dissertation “Mix Design Methodology of Hot Mix Asphalt with High Content of
Reclaimed Asphalt Pavement (in Serbian ,,MeToaoAoruja mpojexroBarba Bpyhux achaATHHX MEIIaBUHA
ca BHCOKHM caApiKajeM crpyraHor acdaara®) prepared by Marko Oreskovié contains 158 pages, with the
main body of text on 105 pages. The dissertation was written in English and is divided into seven
chapters:

Introduction

About the Blending Between Reclaimed Asphalt Binder and Recycling Agent: A Literature Review
Research Methodology

Materials, Specimen Preparation and Testing Methods

Mix Design Methodology of RAM

Experimental Results and Discussion

7. Conclusions and Recommendations for Further Research

I

The dissertation contains 93 figures which show diagrams, drawings and photographs relevant to the
illustration of the text and 39 tables. The list of references contains 196 publications. The dissertation
provides an abstract in Serbian and English with keywords. The dissertation contains seven appendices.
The author’s biography is provided at the end.

The layout of the dissertation is following University of Belgrade Senate guidelines and special
instructions for the layout of the print and electronic versions of doctoral dissertations. The dissertation
also contains compulsory chapters and forms: authorship statement, statement about the identity
between print and electronic versions and copyright statement.
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2.2. Brief outline of the chapters in the dissertation

The main body of text of the dissertation contains seven chapters, a bibliography and seven appendices.
At the beginning, a list of symbols and abbreviations is provided, as well as acknowledgements, abstract,
a list of keywords (in English and Serbian) and a list of figures and tables.

In the first chapter, the research topic, the scope of the research, and the research questions and objectives
of the dissertation are described. The importance of using high reclaimed asphalt pavement (RAP)
content in new hot-mix asphalt (HMA) and the complexity of the mix design procedure of HMA with
high RAP content are explained.

The second chapter is divided into two parts. In the first part, an overview is provided of the literature
review on the factors affecting the blending phenomena between RAP and recycling agent (RA). Then,
the anticipated theoretical explanation and practical framework to assess the degree of activation (DoA),
degree of availability (DoAv) and degree of blending (DoB) are presented, followed by the conclusions
and recommendations for the further studies. The second part of the chapter provides overview of the
state-of-the-art testing methods used in previous research studies to help both the scientific and
practitioner community to find the appropriate method(s) for the evaluation of the mentioned
parameters. The used testing methods are explained in detail, and their advantages and disadvantages are
given together with recommendations for assessment of blending parameters. Finally, the methods that
have only been used in the evaluation of parameters considered are summarized.

The research methodology of the study, including experimental design, i.e. short descriptions and
simplified flow-charts of performed tests, is described in the #bird chapter. There is also given a short
explanation of all laboratory tests performed in individual chapters of the dissertation.

The fourth chapter shows the measured properties of the componential materials used in the study (virgin
bitumen, virgin aggregate, RAs, and RAP), then explains the methods for the preparation of testing
specimens, depending on the purpose of the test, and finally describes the testing methods in detail.

The fifth chapter consists of two parts. In the first part, a methodology for determining the optimal
preheating temperature of RAP, with and without RA, is developed. Four specimens of RAP and RA
were compacted in Marshall and gyratory compactors after preheating at different temperatures (70°C,
100°C, 140°C, and 170°C), whereas only RAP specimens wete compacted at one mote temperature
(190°C). The volumetric properties of each specimen were determined before measuring their stiffness
and indirect tensile strength (ITS), as well as before the calculation of CTine parameter, which represents
the cracking susceptibility of the asphalt mixture.

Obtained results were then included in a probabilistic optimization method (Monte Carlo) to determine
the optimal heating temperature of RAP considering the compaction type and RA presence. The testing
results, in terms of ITS and stiffness, were also used in the assessment of DoA regarding different
preheating temperatures. This was achieved by comparing these properties with the same properties of
mixture where full binder activation was forced (binder and aggregate had been initially extracted; binder
was later recovered and then re-blended with the extracted aggregate).

In the second part of this chapter, a mix design methodology of hot mix asphalt with high RAP content
(50%) was developed. Seven mixtures, with different contents of RA and VB, were prepared according
to Dochlert’s experimental design. Four specimens of each mixture were compacted in a Marshall
compactor, and volumetric properties, stiffness, ITS and CTinex were determined. Testing results were
then applied to the response surface methodology (RSM) to develop appropriate models. The reliability
of developed models was analysed by applying different statistical methods, which were then verified by
preparing two additional asphalt mixtures that satisfied certain criteria for each parameter considered.
Based on the developed models, the optimal RA and VB contents in the asphalt mixture with 50% RAP
were determined.
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In the sixth chapter, is presented comparison of three mixtures that were tested: control (composed of all
virgin materials), with 15% RAP, and with 50% RAP, designed according to the procedure developed in
the fifth chapter. The following properties of each mixture were determined and later compared: stiffness,
water sensitivity, freeze-thaw, cracking (CTinae), fatigue resistance, and resistance to permanent
deformation (rutting resistance).

The seventh chapter summarizes the general conclusions of the study and gives several recommendations
for further studies.

After the bibliography, the appendices provide testing results and auxiliary material which was necessary
for data analysis.

3. ASSESSMENT OF THE DISSERTATION
3.1. Modernity and originality

The doctoral dissertation deals with contemporary problems related to the entire process of designing
HMA with high content of RAP. The design of such a mixture is a great challenge due to the unknown
behaviour of aged bitumen in new, recycled asphalt mixtures, starting from the manufacturing process
(degtree of binder activation, degree of binder availability of aged bitumen and the degree of blending
between aged binder and recycling agents) until the end of their service life (diffusion effect). Their
characteristics often differ from the characteristics of mixtures with new materials - they are stiffer due
to the presence of aged bitumen, and therefore are more sensitive to fatigue and low temperature
cracking, but also more resistant to permanent deformation. In order to compensate for the presence of
aged bitumen in new mixture, and to increase its availability, recycling agents may be used. These agents
can be industrial products or of an alternative origin, and they should restore the properties of aged
bitumen and/or improve the degree of binder availability and degree of blending. However, the amount
of agent and/or new bitumen in new asphalt mixture significantly depends on the stated parameters and
it is quite important to determine the optimal contents, because high amounts would lead to problems
with rutting resistance, whereas insufficient amounts would lead to problems with water and cracking
sensitivity. Considering these facts, a mix design methodology of hot mix asphalt with high RAP content
has been developed, enabling the determination of optimal amounts of recycling agent and virgin
bitumen.

Most of previous mix design methods of HMAs with high RAP imply that the aged bitumen coming
from RAP is fully activated, but this rarely happens in the reality. Previous studies have proven that the
preheating temperature of RAP, as well as the presence of recycling agents, significantly affect the
properties of these mixtures. The first step in the manufacturing process of HMA with high RAP content
(after determining its basic properties) is to determine optimal heating temperature of RAP, which must
not be too low, because in that case it will not fully activate aged bitumen nor too high, because it can
affect the properties of already aged bitumen. Previous studies, as well as standardized methods, still do
not clearly define methodology for determining the optimal preheating temperature of RAP. Therefore,
within this dissertation, a simple methodology, based on the simple laboratory tests, was developed. It
has also been proven that the degree of activation significantly depends on the preheating temperature
of RAP, but it has also been proven that it cannot be precisely determined. Therefore, it was necessary
to develop a mix design methodology of HMA with high RAP content that would enable the production
of asphalt mixtures with properties similar to the mixture with virgin materials (control mixture).

The contribution of the dissertation includes also testing results of the HMA designed in accordance with
the developed methodology, which are compared with the testing results of the control mixture and the
mixture with 15% RAP, proving that the developed mix design methodology enables production of HMA
with comparable properties. The testing results have current practical value and the possibility of
application in practice. Additionally, the developed methodology has significant potential for application
in practice.
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Based on the Ordinance on the procedure for verifying the authenticity of doctoral dissertations defended
at the University of Belgrade and the findings from the report obtained from the 7/Thenticate program,
which verified the authenticity of the doctoral dissertation "Mix Design Methodology of Hot Mix Asphalt
with High Content of Reclaimed Asphalt Pavement" (in Serbian "Meroaoaoruja mpojexroBama Bpyhux
acaATHHX MEIIABHHA Ca BUCOKHUM CaApskajem crpyraHor acdaara"), authored by Marko Oreskovié, the
originality of this doctoral dissertation is confirmed.

3.2. Assessment of the literature review

For this doctoral dissertation, 196 references were used, out of which are 33 standards from the field of
material testing and pavement design. Most of the references are papers published in prestigious indexed
scientific journals such as Construction and Building Materials, Road Materials and Pavement Design, International
Journal of Pavement Engineering, Fuel, Transportation Research Record, Materials, Materials and Structures, Jonrnal of
Testing and Evaluation, as well as publications from the conference proceedings, research projects and
doctoral dissertations.

The largest number of references is of more recent date: 150 references were published after 2000, out
of which 75 was published in the period between 2015 and 2020.

3.3. Brief description and adequacy of the used scientific methods

Doctoral dissertation was realized by parallel application of a theoretical approach, based on data
obtained from the previous studies, and a practical approach based on the own experimental research.

In order to review the existing knowledge from the subject area, a synthesis of previous research was
performed using structural-functional and comparative analysis of published results, whereas a
hypothetical-deductive method was applied to plan and analyse the experimental results.

The properties of component materials were initially examined, and then, for the purpose of developing
the design methodology, as well as for determining the optimal preheating temperature of RAP, the
following properties of samples prepared using Marshall and gyratory compactors were examined:
volume characteristics, stiffness and indirect tensile strength (ITS). In the last phase of the experiment,
the following properties of the asphalt mixture with new materials, as well as asphalt mixtures with 15%
and 50% of recycled asphalt (designed in accordance with the developed methodology) were examined:
volume characteristics, stiffness, water sensitivity and resistance to fatigue, cracking (CTingey), permanent
deformation and freeze-thaw.

Comparative and statistical testing methods were used in the analysis of own experimental results. These
research methods are fully adequate for application in the subject research.

3.4. Applicability of the obtained results

The research results from the dissertation indicate that:

1. Application of the developed methodology ensures determination of the optimal preheating
temperature of any RAP, and also determination of the impact of recycling agent on it;

2. The degree of binder activation strongly depends on the preheating temperature of RAP;

3. It is possible, by applying the developed mix design methodology, to determine the optimal
content of recycling agents and virgin bitumen in the new asphalt mixture with high RAP content;

4. Small quantities of RAP (up to 15%) in the new asphalt mixture do not significantly affect HMA
properties and such mixture has similar properties as the control mixture (with virgin materials);

5. The asphalt mixture with 50% RAP can have similar properties as the control mixture if the
developed mix design method of HMA with high RAP content is applied.

6/9



The derived conclusions are a consequence of the analysis of the experimental results. In addition, an
extensive analysis of the test results and an explanation of the interaction between recycling agent and
aged bitumen coming from RAP indicate the possibility that the results obtained from the dissertation
can be used unhindered in further research, with the necessary additional tests.

3.5. Assessment of the candidate’s competency for independent scientific research

During the work on the doctoral dissertation, the candidate was engaged in studying and critically
analysing available literature, as well as in planning and conducting of experimental programme, including
analysis of the testing results. With a systematic approach to the posed problem and by connecting
different segments of scientific and research efforts, Marko Oreskovi¢ successfully solved the posed tasks
and proved himself competent for independent scientific research.

4. SCIENTIFIC CONTRIBUTION OF THE DISSERTATION
4.1. Overview of scientific results

Within the doctoral dissertation of Marko Oreskovi¢, the following scientific contributions were made:

1. Uniform terms and explanations of terms, that have been unclear in the previous literature, have
been established (degree of binder activation, degree of binder availability and degree of blending
between bitumen coming from RAP and recycling agents);

2. A methodology for determining the optimal preheating temperature of RAP has been developed;

3. A methodology for designing hot mix asphalt with high RAP content (in this research 50%) has
been developed;

4. It has been proven that asphalt mixtures with 15% and 50% RAP can have similar characteristics
as the control mixture (made of virgin materials).

4.2. Critical analysis of the obtained results

The research work of Marko Oreskovi¢, MSc CE, belongs to the field of asphalt recycling with the aim
of increasing the use of RAP in new asphalt mixtures.

In doctoral dissertation, laboratory tests, mostly standardized, have been conducted, requiring the careful
preparation and precise implementation. The obtained results enable drawing conclusions, as well as the
use by other researchers.

Experimental tests performed within the dissertation showed that it is possible (at the laboratory level)
to produce an asphalt mixture with high RAP content, using the developed methodology, which has
similar, or even better properties compared to asphalt mixture made of new materials. Particular emphasis
was placed on increased freeze-thaw resistance and resistance to rutting and fatigue.

In order to ensure wider application of the developed methodology in practice, it is necessary to perform
additional tests regarding the use of different component materials (RAP, virgin bitumen and recycling
agents), types of asphalt mixtures (for wearing, binder or base layers) and quantities of RAP. The
propetties of the designed asphalt mixtures over a longer period of time in real conditions should also be
investigated.
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4.3. Verification of scientific contribution

During his doctoral studies, Marko Oreskovi¢ presented his work to international and national scientific
and expert audience through the following publications:

Category M21a:

1. Oreskovi¢, M., Menegusso Pires, G., Bressi, S., Vasconcelos, K., Lo Presti, D. (2020)
Quantitative assessment of the parameters linked to the blending between reclaimed
asphalt binder and recycling agent: A literature review. Construction and Building Materials,
Volume 234. DOI: 10.1016/j.conbuildmat.2019.117323

Category M21:

1. Bressi, S., Santos, J., Oreskovi¢, M., Losa, M. (2019) A comparative environmental impact
analysis of asphalt mixtures containing Crumb Rubber and Reclaimed Asphalt Pavement
using Life Cycle Assessment International Journal of Pavement Engineering. DOL:
10.1080/10298436.2019.1623404

2. Lo Presti, D., Vasconcelos, K., Oreskovi¢, M., Menegusso Pires, G., Bressi, S. (2019) On the
Degree of binder Activity of reclaimed asphalt and Degree of Blending with recycling
agents. Road Materials and Pavement Design. DOI: 10.1080/14680629.2019.1607537

Category M33:

1. Oreskovi¢, M., Porot, L., Trifunovi¢, S., Mladenovi¢, G. (2020) Empirical, rheological and
chemical properties of recycled binder blends with rejuvenators at different ageing levels.
RILEM International Symposium on Bituminnous Materials, December 14-16, Lyon, France

2. Oreskovi¢, M., Mladenovi¢, G., Bressi, S., Losa, M. (2018) Optimal waste cooking oil dosage
In blends containing aged binder. 1n: Advances in Materials and Pavement Prediction (AM3P 2018),
April 16-18, 2018, Doha, Qatar

3. Oreskovi¢, M., Bressi, S., Lo Presti, D., Di Mino, G. (2017) Influence of bio-based additives
on RAP clustering and asphalt binder theology. In: 10" International Conference on the Bearing
Capacity of Road, Railways and Airfields, June 28-30, Athens, Greece.

4. Oreskovi¢ M., Cirilovi¢ J., Mladenovi¢ G. (2013) Performance of asphalt mixtures with
increased content of recycled asphalt material, In Proceedings, 14" Colloguinm on asphalt and
bitumen, 28-29 November 2013, Bled, Slovenia., pp. 157-167

5. CONCLUSION AND RECOMMENDATION

In the scope of the doctoral dissertation titled “Mix Design Methodology of Hot Mix Asphalt with High
Content of Reclaimed Asphalt Pavement*, the methodology for determination of the optimal preheating
temperature of RAP, , as well as mix design methodology of HMA with higch RAP content were
developed. Testing results present an original scientific and professional work which makes considerable
contribution in the field of civil engineering. The results of the research have practical application, and
can be used as a basis for further research in this field.

The Committee considers the PhD dissertation of candidate Marko Oreskovi¢ as a valuable and
significant contribution to the design of modern, recycled asphalt mixtures that are increasingly used
around the world. The Committee confirms that the dissertation completely fulfils all necessary criteria
expected from the doctoral dissertation, as well as that the candidate has proved himself to be competent
for the scientific research in all the phases of the work on his dissertation.

According to previous statements, the Committee recommends to the Academic council to accept the

doctoral dissertation of the candidate Marko Oreskovi¢, MSc CE, titled ,,Mix Design Methodology of
Hot Mix Asphalt with High Content of Reclaimed Asphalt Pavement™ (in Serbian ,,Meroaoaornja
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npojexTosara BpyhuX acrbmmurx MCIIARKIA €2 BICOKHM CaApAajey crpyrasor acdranma™), o expose Xt
to the public review and send it to the University Board of Civil Engineering and Urbanistic Sciences for

the final acceptance, as well as to approve its publu: defence in Englith language zfter the conclusion of
the procedure.
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