YHUMBEP3UTET Y BEOI'PAY
I'paheBuncku pakyarer

HACTABHO-HAYYHOM BERY

IIpenmert: Pedepar o ypaheHoj nokropckoj aucepranuju kauauaara lymana Mcannosuha.

Onnykom HacraBuo mayunor Beha ox 21.5.2020. rogune (omtyka 6p. 210/12-19 ox 25.5.2020.)
MMEHOBaHM CMO 3a wiaHoBe Kowmmcuje 3a mperiiesn, oneHy W oAOpaHy TOKTOPCKE JHUCEPTAIIH]je
kanaunata ymana Mcannosuha, mact. mHX. rpal)., 1o HacJI0BOM:

DIGITAL REPRESENTATION OF AS-DAMAGED REINFORCED CONCRETE
BRIDGES

HacnoB Ha cprickoM je3uKy:
JUT'UTAJHU ITPUKA3 OIUITEREHUX APMUPAHOBETOHCKHUX MOCTOBA

[Tocrme mperyiena nOCTaB/bEHE IUCEpTalMje W JAPYrux mnparehux marepwjasia W pasroBopa ca
kanauaatoMm, Komucuja je caunnuna cneaehu

PED®PEPAT

1. YBOJ

1.1.XpoHonoruja onodpaBama U U3pae AUcepTanuje

Ha ceqnuuu Beha Karenpe 3a ynpassbame npojektuma y rpaleBunapctBy onpskanoj 11. jyna 2019.
rogune, [lyman HcaunoBuh je jaBHO HW3iarao npeyiokeHy TeMy JOKTOPCKE IHCepTaluje IO
HacioBoM ,,Digital representation of as-damaged reinforced concrete bridges® (aa cprickom je3uky
»UTUTATHN TIpHKa3 omreheHnx apmupanoOeToHCKUX MoctoBa“). Komucuja kojy je oOpazoBaio
Behe Karenpe npuxBaruia je mpeyioKeHy TeMy M NpeAoKWiIa KaHIUAaTy Aa TeMmy IpHjaBU
HacraBHo-nayunom Behy I'paheBunckor daxynrera.

Omrykom HacraBHo-Hayunor Beha I'pabeBunckor ¢axynrera 6p. 210/4 ox 17.9.2019. roawuse,
onpehena je Komucuja 3a orieHy HaydHe 3aCHOBAaHOCTU T€ME JOKTOPCKE IHUCepTaIije 01 HACJIOBOM
,,Digital representation of as-damaged reinforced concrete bridges* (ua cprickom je3uky ,,JlurnranHu
npuka3 omreheHnx apMupaHoOETOHCKUX MocToBa®) y cacraBy npod. np Pane Xajaus, mpod. mp
Markus Konig (Karempa 3a rpabjeBuncky wunHpopmatuky Dakynrera 3a rpal)eBUHAPCTBO H
WHKEHEPCTBO KHUBOTHE cpenaune, YHuBepsutreT Ruhr, bBoxym, Hemauka), npod. mnp Mumorm
KosaueBuh, np Bophe HenesmkoBuh m ap Urop Cseren (MHoBammoHu mneHtap MammHCKOT
dakyntera YumBep3utera y beorpamy). IlosurtuBan wu3Bemrtaj Komucwje 3a oleHy HaydHe
3aCHOBAHOCTU TEME JIOKTOPCKE AMCepTaldje YCBOjeH je Ha ceaHuuu HacrtaBHo-HayuyHOr Beha
I'paheBunckor dakynrera oapxkanoj 17.10.2019. roaune (omtyka op. 210/6 ox 22.10.2019. roaumne).
Behe nayunux o0nactu rpal)eBUHCKO-ypOaHUCTUUKUX HayKa YHUBep3UTeTa y beorpaay Ha ceqHULIN
onpxanoj 26.11.2019. (omyka 6p. 61206-4396/2-19 ox 26.11.2019. roauHe) yCBOjUIIO je TPEAIIOT
TeMe JOKTOpCcKe Aaucepranyje kanauaara Jymana Mcaunosuha.

Kanmunar je ypaheHy mokTopcky auceptranujy mnpemao CrnyxOu 3a CTyAEHTCKa TNHUTamba
I'paheBunckor ¢akynrera 15.5.2020. roguse.



1.2. Hayuna o06acT gucepraluje

Tema nokTOpCcKe TucepTanuje npumnaaa HayqHoj oonactu ['pal)eBUHApCTBO M yK0j HAY4YHO] 006JIacTH
Nudopmanmone texHonoruje y rpaheBHHapCTBY M Teolie3uju, Koja je nedunucana CtaTyTom
I'paheBunckor dakynrera YHuBep3urera y beorpany. 3a MmeHTopa nucepranuje oapehen je ap Paae
XajnuH, muruL. rpal). mHXK. penoBHu podecop ['paheBunckor dakynrera YHuBep3urera y beorpany.

1.3. buorpadcku nomanm 0 KaHIUIaTy

Hyman Mcannosuh je pohen 15. maja 1989. ronune y Kparyjesity, rie je 3aBpiino OCHOBHY M CPEIIbY
mkoiy. 2009. ronune ynucyje I'paheBuncku dakynrer Yuusepsutera y beorpamy. 2013. rogune
3aBpmaBa ocHoBHe, a 2015 Macrep akamemcke cryauje, Ha Oaceky 3a KOHCTpykiuje. JJokropcke
crynuje Ha ['paheBurckom dakynrery YHuep3utera y beorpany yman je ynucao 2015. rogune.

VY mepuony oxn jyma mo oktoopa 2014. rogune 6uo je 3amocieH y y ¢upmu ,,TaHKMOHT 11.0.0.
Beorpan. 3a To BpeMe, paauo je Kao UHKEHEp capaJHUK HAa OpPraHW3alWjd U KOHTPOJIH PagoBa Ha
u3Bohemwy yetupu HapTHA pesepBoapa y [lyprey, Pycka ®@eneparyja.

On asrycra 2015. no mapra 2016. rogune Ouo je 3amocieH y y ¢upmu ,,IleHTpornpojexT™ 1.0.0.
beorpan Ha mo3uiuju mpojekTaHTa OETOHCKHMX KOHCTPYKIMja. 3a TO BpEME, Yy4eCTBOBAaO je Y
MIPOjEeKTOBAKY, HA[30pY M PEBU3HjH MPOjeKaTa HEKOJIMKO o0jekata y CpOuju 1 HHOCTPAHCTBY.

VY janyapy 2016. ronune omnykom M36opnor Beha ['paheBunckor dakynrera YHuBepzurera y
beorpany, m3abpan je, a y HoBemOpy 2018 je moHOBO m3abpaH y 3Bame AaCHCTEHTA-CTYACHTA
JTOKTOPCKHX CTyIMja 3a YKy HayuHy obOnact Mudopmanmone texnomormje y rpaljeBuHapCTBY H
reogesnju. O Taja ydecTByje y HACTaBU Ha BHIIE Ipeamera y okBupy Kareape 3a ympaBipame
MpojeKThMa y rpal)eBuHapCTBY.

On 2018. rogune, dyman Mcaunosuh je unan ynpyxema BIM Cpouja.

Hyman Hcannouh je ayTop jeaHOr paga y MeljyHapoIHOM HAay4HOM YacOIUCY W BHIIE PajoBa
00jaBJbeHUX y 300pHUIIIMA paoBa ca Mel)yHapoJHUX KOH(DEepeHIH]ja, Koju ce 6aBe HHPOPMAITHOHUM
MoOJIeTpameM rpaljeBUHCKHUX 00jekaTa U yrpaBibabeM HHPPACTPYKType.

2. 0IIMC TUCEPTALMJE

2.1. Caapkaj nucepraiuie

JlokTopcka mucepraiuja Jymrana Mcannosuha moa nacmosom ,,Digital representation of as-damaged
reinforced concrete bridges* (ma cprckom jesuky L JlurutamHu npukas — omTeheHux
apMUPaHOOETOHCKUX MOCTOBA®) caapku ykynHo 151 cTpany, oJ KOjuX je OCHOBHM TeKCT Ha 102
ctpane. [{ucepTraiyja je mucaHa Ha €HTJIECKOM J€3UKY U MO/IeJhEHA je Y ceJlaM TOTJIaBJba:

YBox

[Ipernen nureparype

Jurutanau mozen omreheHor Mmocra

I'enepucame nH(OPMAIIMOHOT MOZIETIa MOCTA Y TPEHYTHOM CTamby
Crynuja cyyaja

Huckycuja

3axspyunu u Oyayhu pan

NogakrwnpE

Hucepranuja canpxu 76 ciuka u 6 Tabena. Crincak nuTupane auteparype caapxu 105 nacmosa. Ha
MOYETKY AMCEpTAaIlHje je IaT pe3uMe Ha CPIICKOM U €HTJIECKOM je3UKy, ca KJbydHUM peunma u Y JIK
opojeM. Jlucepranuja caapxu Tpu npuiora. buorpaduja ayropa narta je Ha Kpajy AucepTaiuje.

Jlucepranyja je TeXHWYKH OOJMKOBaHa npema ymyTcTBuMa CeHata YHuBep3uteTa y beorpany u
MOCEOHMM YIYTCTBMMa 3a OOJMKOBamE INTAMIIAHE M €JIEKTPOHCKE Bep3uje Jokroparta. Canpxu



o0aBe3Ha MOIIaB/ba M oOpacIe: M3jaBa O ayTOPCTBY, M3jaBa O HCTOBETHOCTH EJEKTPOHCKE H
IITaMIaHe Bep3Hje U u3jaBa 0 KOpHUIIhewy.

2.2. Kparak npukas mojeflMHayYHUX IOrJIaBsba

OCHOBHM TEKCT pa3MaTpaHe JOKTOPCKE JUCepTaluje UMa CeAaM IOTrjiaBjba, Mperjen KopuiheHe
auTepaType u Tpu npuiiora. Ha moueTky TekcTa je Aar cajpikaj, cmucak ckpaheHuia u cumOora,
M3jaBa 3aXBAJHOCTHU, allCTPAKT U CIUCAK KJbYYHHUX PEUYM HA CHIVIECKOM M CPIICKOM jE€3HMKY Kao U
CIHICKOBH CITUKa U Tabena.

VYBOJIHO MOTJaBJbE YMO3HAj€ YMWTAOLA Ca MOTHBALMJOM 32 HCTPaKUBame, OMHCYjyhn OCHOBHE
MIPUHITUIIe CUCTEMA 32 YIIpaBjbamkhe MocToBUMa (BMS) n mndopmarmonor mozena mocra (BriM), kao
u MoryhHOCTH M Tpenpeke HecMeTaHoj Mel)ycoOHO] KOMYHHUKAIMjH U CapaJibh Ta JBa CUCTEMA.
HaxoH Tora, mpecTaBJbeHU Cy IIUJbEBU M METOJI0JIOTHja UCTPAKUBAbA.

Y mnornaemy ,llpermex nuteparype” ommcaHe Cy HajBaXHHje IyOIuKanuje Koje obpalyjy
cucTeMaTu3alujy Hajuemhux omrehema OCTOHCKMX MOCTOBA, TPEHYTHH IOCTYINAK WHCIEKIIH]E
MOCTa, HOBE TEXHOJIOTHje KOpHUIIheHe y mperiieay U MpoIeHH CTamba MOCTa, 00JaK Tayaka MOCTa,
ocHoBHe uHayctpujcke kinace (IFC) u cemantuuko oborahuBame |IFC mozena.

[Tornarswpe ,,Jlurutanau mozen omreheHor MocTa™ JeTajbHO OIKCYje pa3BOj MOJENa Mmojaraka 3a
omTeheHn MOCT Kpo3 yIO3HaBame ca KOHIICTITUMA MOJIeIHpaka MoaTaka, a 3aTUM U aHAIIM3UPaAhEe
TPEHyTHE CTPYKType Mojaaraka o uHcrekuujama y BMS-y, kao u ogabup OCHOBHHX KOHIleTIaTa W3
nocrojeher mojena mojgataka koju he OuTu 3aap:kaHu y HOBOM. HakoH Tora, mpemjioxeHa je
MMIUIEMEHTAIM]ja Pa3BUjEHOT MOJIea roaTtaka kopumhemem |FC-a.

[Tornassbe ,,I eHepucame HHPOPMAIIMOHOT MOJIEIa MOCTA Y TPEHYTHOM CTamy * MPeICTaB/ba METOI,
Tj. TOCTYTIAK 3a TeHEPHCabe NH(POPMAIIMOHOT MOJIENIa MOCTa Y TPEHYTHOM CTaly IPUMEHOM Mojiesa
noJlaTaka MpeiokKeHOT y TPETXOJIHOM IoriaBsby. [Ipoiec renepucama HHPOPMALMOHOT MOJIENa
MOJICTIMPAH je Y CKJIaay ca CTaHIapIoM 3a Mmojenupame nocioBHux mnpomeca (BPMN). Tlopen
(dbopmaiHOT 3armmca npoiieca, CBaki KOpak mpolieca je IeTaJbHO OIKMCaH.

Y okBupy mornasiba ,,CTynuja ciydaja“, eUKaCHOCT M CBPCHUCXOJHOCT IPEIJIOKEHOT MOJela
nmojaraka omreheHor MocTa, WmeroBe MMILIeMeHTanuja kopuinthewem IFC-a, kao u Meronme 3a
reHepucame WH()OPMAIMOHOT MOJEJIa MOCTa Y TPEHYTHOM CTamy, MPAKTHYHO Cy TECTHpPAHE H
ouemene. Onucana cTyiMja ciydaja 00yxBaTa HHCIIEKIIN]y PEJIaTUBHO KPaTKOT apMUPAHOOETOHCKOT
JPYMCKOT MOCTa Mpeko peke ['pounte.

[Tornassee ,,Jluckycuja™ pazmarpa pa3IuuuTe acleKkTe MPeIoKeHOr MoJieNla MojjaTaka aHaJIu30M
pe3ynrata cTynauje ciiydaja. Pa3maTpaHu acmekTH yKJbydyjy HpHKa3 CeMaHTHKe omirehema y
MHGOPMALIMOHOM MOJIENTy MOCTa Y TPEHYTHOM CTamy, ayToMaTH3alMjy AeTekiuje omrehewma y
KOHTEKCTY MPEeUIOKEeHE METOIe, KOPUCHOCT Moryhe UMILIEMeHTaIH]je pesiokeHe Metoe 3a BMS,
€KOHOMCKa OJIp’KUBOCT METOJI€ ¥ TPEHYTHA 3aKOHCKA OTPaHUYEHa 32 IUPOKY YIIOTpeOy OBE METOJIE.

Onmty 3aKjbydlld UCTPaKMBamwa, Kao U Mpenopyke 3a Oyayha ucTpaxuBama Cy J1aTH y JIEBETOM
MIOTJIaBJIbY.

Hakon crincka nurepatype, y npuio3uMa cy Jatd u3Boau u3 baze momataka o mocroBuma (BIIM)
ITyreBa Cpbuje, ca mojanrMa o MHBEHTApY U MOCIEIHIM HHCIIEKIIN]CKUM U3BEITajeM MOCTa IIPEKO
peke I'pountie. Takohe, mpuiokeHe cy U Mare OCyH4aHOCTH UCTOT MOCTa Y JaHMMa WHCIEKLH]e.



3. OLIEHA JJMCEPTAIINJE

3.1. CaBpeMeHOCT ¥ OPUTHMHATHOCT

[TpemioskeHu MPUCTYI 3a MpUKa3 omTeheHNX apMUPAHOOETOHCKMX MOCTOBA j€ CaBPEMEH, Kako ca
CTaHOBHIIITA PEIPE3CHTOBAa olITehierha, TAKO U ca CTAHOBHUINTA IIPUMEHE MOJACPHUX TEXHOJIOTH]a
3a aKBU3UIM]y U 00paay mojaTaka o omrehemnma.

[Ipemyioxkena penpe3eHTaIMja KOPUCTH 00jEKTHO-OPHJEHTHCAHY MapajaurMy Koja oOyxBara, Kako
CEeMaHTHKY, TaKO M TeOMEeTpHjy mocMaTpaHor omrehema, naterpucane y BIM mozen mocra, 3a
pasMKy OJi JCCKPUNTHUBHE pENpe3eHTalrje YCKIAIUINTeHe Yy penanuoHo] ©6a3zm BMS-a.
OpUTrHHAIHOCT Ce CacToju y TOME Ja Ce CeMaHTHKa U reoMeTpuja omrehema penpesenryjy y BIM
Mozeny y3 nmomoh nocrojehux IFC kmaca, mpu 4emy ce BOau padyyHa O MHTEPONEPaOMIHOCTH ca
noctojehum BMS cucremom (KUBA). Ha oBaj HauuH je MpeJIOKEH OPUTMHAIHU XOJMCTUYKH
MOJIEJT TI0J]aTaKa 32 yIpaBJbakbe MOCTOBUMA.

Kopumheme UAV Texnonoruje u copTBepa u3 odbmactu KoMijyrepcke rpaduke omoryhasa na ce
3HaYajaH JIeo MOCTYIKA WHCIICKIIMje MOCTa ayTOMaTh3Yje, Y3 3310B0JbaBajyhy TaUHOCT U CMambeHe
yTHIIaja CyOjeKTHBHOCTH YCIE JbYACKOT (pakTopa.

[IpennoxxeHn NpUCTYN MpEACTaBba 3HAUYAjaH KOpaK y MpaBIy Kpeupama IUTHTAITHOT OJIM3aHIa
apMUpPaHOOETOHCKOT MocTa. Joml jejaH BakKaH W WHOBAaTHUBAH JONPHHOC j€ ayTOMAaTH30BaHO
reHepucame, OJHOCHO KOMOWHAIMja pa3IMYUTHX W3BOopa WH(pOpMaIja 3a as-iS HHPOPMAIUOHH
Mmojen Mocta. [Ipemnoskenn mpucTyn je ”HOBaTHUBAH U UCTO BPEME BEOMa MPaKTHYaH.

3.2. OcBpT Ha pedepeHTHY U KoputheHy JINTEPaTypy

Kanmuaar je mo MUNUBEHY CBUX YWIAHOBA KOMUCH]E KOPUCTHO PEIIEBAHTHY JTUTEPATYPy U3 OOJIACTH.
Pe3ume nuTepatype je KOHKITy3MBaH U JIAKO YHTJBUB.

3.3. Onuc ¥ aIeKBaTHOCT OIPUMELEHNX HAYYHUX METOAA

Kannuaar je ucupnHo aHanu3upao noctojehe nuteparype y Be3H penpeseHTanuje omrehema ca
cranoBumTa BMS-a u BriIM-a, kao u TpeHyTHO JOCTYITHE TEXHOJIOTH]C 32 aKBU3HIIH]Y TOJaTaKa O
omrehemnma. Ha ocHoBY ananuse, npemoxken je |FC monen komnarubunan ca BMS-om, xao u
mporec npeBohema omrTehema W3 peasHor y auruTanHu ceT. Kopanu mpoieca mnpeBohema
BepU(HUKOBaHU Cy Ha CTY/AU]JU Cllyyaja apMUPaHOOETOHCKOT MOCTa IpeKo peke I 'podanurie.

Hayunu npuctyn 3a710BoJbaBa y NOTIIYHOCTH 3aXTEBE ca JOKTOPCKE JucepTalnuje.

3.4. IIpuMEHIBUBOCT OCTBAPEHHUX PE3yaTaTa

3a nocTojehie MOCTOBE, MPEIOKEHN MPUCTYI TPUMEHIBHB j€ MMOJT YCIOBOM ja moctoju As-built BIM
Mozen Mocta. Kako je 0BO 030MJbHO OrpaHHYCH-e, KaHIUIAT je Ja0 Mpeaior Kako aa ce As-built
Mojiell 100HMje Ha OCHOBY IocTojehe MpojeKTHE TOKyMEHTaluje U o0Jjlaka Tayaka KOju MpPeCTaBIba
MOCT y OCMaTpaHOM TpPEHYTKY. 3a o4eKHMBaTH je Ja he namu pas3Boj ,,Scan-to-BIM® texnonoruje
noBehaT MPUMEHJBHBOCT MPEIIOKEHOT PelIeHha.

IToctynak mHCcHekiuje 3a HoBe oOjekTe, 3a koje he y Onuckoj OynyhHoctu Outn ob6aBe3an As-
designed BIM monern, 6ulie 3HauajHo yHanpeljeH Ha OBaj HAUWH.

ITopen Tora Tpeba HarnacuTH Aa je cy paay KopuinheHn OTBOPEHHU CTaHAApIU TaKo Ja ce pe3yaTaTu
MOTY MPUMEHUTH Y MH)KEHEPCKO] MPAKCH.

3.5. OueHa JOCTUTHYTHX CIIOCOOHOCTH KaHAUAATA 38 CAMOCTAIHHU HAyY4YHH pa

Kannuaar je uMmpecuBHO 1OKa3ao Jia je croco0aH 3a caMocTaiaHu HayuHU paa. [locTynuu pa3BujeHu
y OBOM paly Cy HayuyHO (yHIupaHH. Pe3ynTtatu cy mNyOJIMKOBaHM y NPECTHKHUM HAyYHHM
gacorucumMa 1 CKyIrmoBuma.



4. OCTBAPEHH HAYYHH JOIIPUHOC

4.1. ITpuka3 ocTBapeHNX HAYYHUX JOOPUHOCA

VY OKTOPCKOj AMCEPTAIMjH KaHJ11aTa OCTBAPEHHU Cy ciiefiehy HayuyHU TOTPUHOCH:

- Jlepunucana je HOBa pempe3eHTaldja omreheHnx apMHUpPaHOOETOHCKHMX MOCTOBA, KoOja
3Ha4yajHO moBehaBa KBaiuTeT WMHpOpPManMja O CTalby MOCTAa M NpPEACTaB/ba OCHOB 32
1000JBIIAkE OCTYIKA KOHTPOJIE KBAIUTETa MOCTA

- Kopumheme IFC dpopmata mro 3Ha4ajHO MOOOJbIIABA IMILUIEMEHTAIN]Y PE3YJITAT Y IPAKCH.

- Jlepunucana je oarosapajyha mporuemypa 3a HHCIEKIIH]Y MOCTa

- Ilpukazana je aHaiM3a EKOHOMHYHOCTH MPEUIOKEHOT TPUCTYNAa Yy OJHOCY Ha
TPaIUIIMOHATHY ITOCTYIIaK HHCIIEKITH]e

Kangunat je onmcao mporec Tpancopmalgje mpojeKTHOT MoJIesa MPEKO MOJIeNT U3BEACHOT MOCTa
10 Mojena ca omrehemuma.

4.2. Kputryka aHajimsa pe3yarara HCTPAKUBAmba

Nako je mpeulo’keHU MPUCTYI Y 3Ha4ajHO] MEpU ayTOMaTH30BaH, IOCTOj€ MOJIyayTOMATCKU WU
MaHyeJIHH Kopamu oOpazie KOju 3aXTeBajy €KCHEPTCKH pajl, IITO JAUKTHPA KBAIUTET AOOHjEHOT
pesyntara. [loceOHO je KpUTHYaH MOCTYMaK KojuM ce as-designed mojen mocra mpeBoau y as-is
Mojzien moMohy CHHMJBEHOT Tekyher ctama MocCTa Koje ykJbydyje M moctojeha omrehema. OBaj
MOCTyNaK je o0jallllbeH Ha peNaTUBHO jeIHOCTaBHOM IMpumepy cTyba mocra. Ca gomaTHUM
pUMEpHUMa Ce MOTJIa IMOKa3aTH KOMIUIEKCHOCT OBOT mocTyrnka. OBO 0CTaje OTBOPEHO MHUTAkE KOje
ce y OBOj IucepTalrju HUje Morio pemntd. Kanauaar ykasyje Ha MmoryhHocT kopuirhemha TEXHUKE
MalIMHCKOT y4eHha (KOHBOIYIIH]CKE HEYPOHCKE MpEXE) KOjoM OU ce jelaH OJ] KpUTUYHHUX IpoIieca
(Damage geometry extraction) aytomarusoBao. Takole orpaHuuca MPUMECHEHOT MPHUCTYIA CY
MorJja OUTH JieTaJbHU]E OMHCaHA.

Jla Ou ce ob6e3benuia BalnMIHA CEMaHTHYKa M T€OMETpHUjCKa perpe3eHTaluja omtehewa y IFC
dopmary, y Hegoctatky ¢popmanne |IFC kiace, kanauaar je y HCTpaKuBamby KOPUCTHO KOPUCHUYKU
nepuHucany kiacy (mpomupeme) 3a omreheme. Kanga ce Oyne nebunucana ¢popmanna kiaca, Koja
ou omoryhwia penpe3eHranujy omrehema TakBy Ja 3a70BOJbM Kpurepujyme BMS, mpemioxenn
MpHUCTYN OU ce Morao MOAU(HUKOBATH TAKO /1A j€ YKIbYUH.

4.3. Bepudukanuja HayIHUX TOIIPHUHOCA

VY toky uspazne aucepranuje lyman Vcaunosuh je mehynaponHoj u nomahoj, Hay4Hoj U CTPY4HO]
JaBHOCTH TIPEJCTaBUO CBOj pajl Kpo3 cieaehe pamose:
Kareropuja M21a:
1. Dusan Isailovi¢, Vladeta Stojanovic, Matthias Trapp, Rico Richter, Rade Hajdin, Jirgen
Dollner, Bridge damage: Detection, IFC-based semantic enrichment and visualization,

Automation in Construction, Volume 112, 2020, 103088, ISSN 0926-5805,
https://doi.org/10.1016/j.autcon.2020.103088.

Kareropuja M33:

1. Dusan Isailovi¢, Marija Petronijevi¢, Rade Hajdin, The future of BIM and Bridge
Management Systems, In IABSE Symposium 2019: Towards a Resilient Built Environment
- Risk and Asset Management, pages 1673 — 1680. International Association for Bridge and
Structural Engineering (IABSE), 2019. ISBN: 978-1-5108-8445-8.

2. Dusan Isailovi¢, Rade Hajdin, Jose Campos e Matos, Bridge quality control using Bayesian
net, In 40th IABSE Symposium 2018: Tomorrow’s Megastructures, pages S27-51.
International Association for Bridge and Structural Engineering (IABSE), 2018. ISBN: 978-
1-5108-7385-8.



https://doi.org/10.1016/j.autcon.2020.103088

3. Dusan Isailovi¢, Igor Svetel, Simple Building Information Modeling by using Industry
Foundation Classes, Proceedings of 7" International Symposium on Industrial Engineering,
Belgrade, 2018. ISBN: 978-86-89111-20-0.

4. Nikola Tanasi¢, Dusan Isailovi¢, Rade Hajdin, Jose Campos e Matos, Quality Control of
Roadway Bridges - Reliability Assessment, TU1406 COST Action meeting eBook, pages 325
— 331, COST ACTION TU1406, Barcelona, 2018. ISBN: 978-84-9880-756-1.

5. 3BAKJbYYAK " ITPEIJIOI’

Kanauaar je ca aucepTaiidjoM 1ao u3y3eTaH cCaMOCTalIH| HaydHH jJonpuHoc. Komucuja jenHoriacHo
npeaxke MpUXBaTame JUCEePTAIH]je 3a jaBHY 0JI0paHy.

beorpan, 19. jyau 2020
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UNIVERSITY OF BELGRADE
Faculty of Civil Engineering

For the Academic Council

Topic: Review of the doctoral thesis of PhD candidate Dusan Isailovi¢, MSc CE

According to the decision of the Academic Council of the Faculty of Civil Engineering, University
of Belgrade, No. 210/12-19 dated to May 25, 2020, we are elected as the Committee for the review,
assessment and defense of the doctoral dissertation of PhD candidate Dusan Isailovi¢, MSc CE, under
the title:

DIGITAL REPRESENTATION OF AS-DAMAGED REINFORCED CONCRETE BRIDGES
In Serbian:

JUT'UTAJTHU ITPUKA3 OLHITEREHUX APMUPAHOBETOHCKHUX MOCTOBA

After reviewing the submitted dissertation and accompanying material 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 session of the Council of the Chair of Construction Project Management held on June 11,
2019, Dusan Isailovi¢ publicly presented the topic of his doctoral dissertation under the title “Digital
representation of as-damaged reinforced concrete bridges” (in Serbian ,,JlururanHu mpuka3s
omrrehennx apmupanoderonckux mocrosa‘). The Committee that was formed by the Council of the
Chair of Construction Project Management accepted the proposed topic and suggested to the
candidate to submit the title of the thesis 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. 210/4
dated to September 17, 2019, the Committee for the assessment of the scientific justification of the
doctoral dissertation topic under the title “Digital representation of as-damaged reinforced concrete
bridges” (in Serbian ,,/JlururanHu mnpuka3 omreheHUX apMHPaHOOETOHCKHX MOCTOBa™) Was
appointed. The appointed members of the Commitre were Prof. Dr. Rade Hajdin, Prof. Dr.—Ing.
Markus Koénig (Chair for Building Informatics at the Faculty of Civil and Environmental Engineering,
Ruhr University, Bochum, Germany), Prof. Dr. Milos Kovacevi¢, Ass. Prof. Dr. Porde Nedeljkovié,
and Dr. Igor Svetel (Innovation Center, Faculty of Mechanical Engineering, University of Belgrade).
The positive Report by the Committee for the assessment of the scientific justification of the doctoral
dissertation topic was accepted on the session of the Academic Council of the Faculty of Civil
Engineering held on October 17, 2019 (decision No. 210/6 dated to October 22, 2019). The final
approval for the research and title of the doctoral thesis was given by the decision of the Academic
Council of Technical Sciences at the University of Belgrade at the session held on November 26,
2019 (decision No. 61206-4396/2-19 dated to November 26, 2019).



The candidate submitted the completed doctoral dissertation to the Office of student affairs of the
Faculty of Civil Engineering on May 15, 2020.

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 Information Technologies in Civil Engineering and Geodesy defined by the
Statute of the University of Belgrade’s Faculty of Civil Engineering. For the supervisor of the doctoral
dissertation is recommended Prof. Dr. Rade Hajdin, professor at the Faculty of Civil Engineering,
University of Belgrade.

1.3. Biography of the candidate

Dusan Isailovi¢ is born on May 15th, 1989, in Kragujevac, Serbia, where he finished primary school
and gymnasium. In 2009, Dusan enrolles Faculty of Civil Engineering, at the University of Belgrade.
In 2013, he gains Bachelor degree, and in 2015 he gains Master degree, at the Department of
Structural Engineering. In 2015, Dusan enrolles the PhD studies at the Faculty Civil Engineering.

During the period from July until October of 2014, DuSan was employed by the company “Tankmont
d.o.0.”, Belgrade. He worked there as a site engineer, organizing and controlling the construction of
four oil reservoirs in Purpe, Russian Federation.

From August 2015 until March 2016, he was employed by the company “Centroprojekt d.o.o0.”,
Belgrade, as a structural designer. He was enrolled in the structural design, supervision and revision
of several domestic structural design projects.

In January 2016, Dusan has been nominated by the Academic-Scientific Council of the Faculty of
Civil Engineering in Belgrade as a Teaching Assistant - PhD Student in the scientific field of
Information Technologies in Civil Engineering and Geodesy. Since then, Dusan is engaged teaching
exercises in several courses at the Department for Construction Project Managament.

Since 2018, Dusan Isailovi¢ is a member of the association BIM Serbia.

Dusan Isailovi¢ is an author of one journal paper and several conference articles on Building
Information Modeling and Infrastructure Asset Management.

2. OUTLINE OF THE DISSERTATION

2.1. Contents of the dissertation

The doctoral dissertation “Digital representation of as-damaged reinforced concrete bridges” (in
Serbian ,,JIurutanHu mpuka3 omreheHHX apMHpaHOOETOHCKMX MocToBa“) by DuSan Isailovié,
contains 151 page, with the main body of text on 102 pages. The dissertation was written in English
and is divided into seven chapters:

Introduction

Literature Review

Digital model of as-damaged bridge
Generation of as-is Bridge Information Model
Case Study

Discussion

Conclusions and future work

NoookrwbdPE

The dissertation contains 76 figures and 6 tables. The bibliography contains 105 entries. The
dissertation provides an abstract in Serbian and English with key words and a UDC number. The
dissertation contains three appendices. The author’s biography is provided at the end.



The layout of the dissertation is according to 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.

2.2. Brief outline of the chapters in the dissertation

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

Introductory chapter familiarizes the reader with the general background and motivation for the
research, by description of Bridge Management Systems, Building Information Modeling, and
possibilities and obstacles for enabling the synergy of those two systems. Afterward, the research
objectives and methodology are presented.

Literature review addresses systematization of common bridge damages, current bridge inspection
procedure, some novel technologies applied in bridge inspection and condition assessment, bridge
point clouds, Industry Foundation Classes, and semantic enrichment of IFC models.

Chapter “Digital model of as-damaged bridge” thoroughly describes the establishment of data model
for the as-damaged bridge by introducing the data modeling concepts and notation, analyzing the
current structure of inspection data in BMS, and selecting the essential concepts from the existing
data model. Afterward, the implementation of the established data model by using Industry
Foundation Classes is proposed.

Chapter “Generation of as-is Bridge Information Model” presents the method, i.e. procedure for
generating the as-is Bridge Information Model by implementing the data model proposed in Chapter
3. The process is modelled by means of Business Process Modeling and Notation standard, after
which the entire process is described step by step.

Chapter “Case Study” presents the practical evaluation of the proposed data model, Industry
Foundation Classes implementation, and the method for generation of as-is Bridge Information
Model. An inspection case study has been performed on the relatively short reinforced concrete
roadway Bridge over River Grocica.

Sixth chapter discusses various aspects of the proposed data model by analyzing results of the case
study. Discussed aspects include the representation of damage semantics in the as-is Bridge
Information Model, automation of damage detection in context of the proposed method, benefits for
the BMS resulting from the possible implementation of the proposed method, economic viability of
the method, and current legal limitations for the broad use of this method.

General conclusions from the research as well as recommendations for future investigations are given
in the ninth chapter.

After the bibliography, the first two appendices provide parts of the Serbian bridge inventory and
inspection database (In Serbian: “ba3a momataka o moctoBuma (BITM)”) representing the inventory
and the last inspection report of the Bridge over River Grocica. The third appendix provides solar
data for the same bridge on the inspection days.



3. ASSESSMENT OF THE DISSERTATION
3.1. Originality

The proposed approach for the presentation of damaged reinforced concrete bridges is modern, both
from the point of view of damage representation as well as from the point of view of application of
modern technologies for acquisition and processing of damage data.

The proposed representation uses an object-oriented paradigm that encompasses both the semantics
and geometry of the observed damage, integrated into the BIM model of a bridge, as opposed to the
descriptive representation stored in the BMS relational database. The originality lies in the fact that
the semantics and geometry of the damage are represented in the BIM model with the help of the
existing IFC classes, considering the interoperability with the existing BMS system (KUBA). In this
way, an original holistic data model for bridge management is proposed.

The use of UAV technology and software in the field of computer graphics allows a significant part
of the bridge inspection process to be automated, with satisfactory accuracy and reducing the
impact of subjectivity due to the human factor.

The proposed approach represents a significant step towards the creation of a digital twin of
reinforced concrete bridge. Another very important and innovative contribution is the automated
generation respectively combination of different information sources for an as-is Bridge Information
Model. The proposed approach is innovative and at the same time very practical.

3.2. Assessment of the literature review

In the opinion of all members of the commission, the candidate used relevant literature in the field.
The literature summary is conclusive and easy to read.

3.3. Brief description and adequacy of the used scientific methods

The candidate has thoroughly analyzed the existing literature on damage representations from the
point of view of BMS and BrlM, as well as the currently available technologies for the acquisition of
damage data. Based on the analysis, an IFC model compatible with BMS was proposed, as well as a
process of translating damage from the real into the digital world. The steps of the translation process
were verified in the case study of a reinforced concrete bridge over the river Grocanica.

The scientific approach fully meets the requirements of the doctoral dissertation.

3.4. Applicability of obtained results

For existing bridges, the proposed approach is applicable provided that there is an as-built BIM model
of the bridge. As this is a serious limitation, the candidate made a proposal on how to obtain the as-
built model on the basis of the existing project documentation and the point cloud that represents the
bridge at the observed moment. It is expected that further development of "scan-to-BIM™ technology
will increase the applicability of the proposed solution.

The inspection procedure for new facilities, for which the as-designed BIM model will be mandatory
in the near future, will be significantly improved in this way.

In addition, it should be emphasized that open standards have been used in the work so that the results
can be applied in engineering practice.

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

The candidate has impressively demonstrated his ability to perform independent scientific work. The
procedures developed in this paper are scientifically based. The results have been published in
prestigious scientific journals and conferences.



4. SCIENTIFIC CONTRIBUTION OF THE DISSERTATION

4.1. Overview of scientific results

The following scientific contributions were made in the doctoral dissertation of the candidate:

— A new representation of damaged reinforced concrete bridges has been defined, which
significantly increases the quality of information on the condition of the bridge and is the
basis for improving the quality control procedure of the bridge

— Use of open IFC format which significantly improves the implementation of the result in
practice.

— An appropriate procedure for the inspection of the bridge has been defined

— An analysis of the cost-effectiveness of the proposed approach in relation to the traditional
inspection procedure is presented

The candidate described the process of transformation of the project model through the model of the
constructed bridge to the model with damage.

4.2. Critical analysis of obtained results

Although the proposed approach is significantly automated, there are semi-automatic or manual
processing steps that require expert work, which dictates the quality of the obtained result.
Particularly critical is the process by which an as-designed bridge model is translated into an as-is
model using a recorded current state of the bridge that includes existing damage. This procedure is
explained on a relatively simple example of a bridge column. The complexity of this procedure could
have been demonstrated with additional examples. So, this remains an open question that could not
be resolved in this dissertation. The candidate points out the possibility of using the technique of
machine learning (convolutional neural network) which would automate one of the critical processes
(damage geometry extraction). Also, the limitations of the applied approach could have been
described in more detail.

In order to provide a valid semantic and geometric representation of damages in IFC format, in the
absence of a formal IFC class, the candidate used a user-defined damage class (extension) in the
research. Once a formal class has been defined, which would allow damage representation to meet
BMS criteria, the proposed approach could be modified to include it.

4.3. Verification of scientific contribution

During his doctoral studies, Dusan Isailovi¢ presented his work to an international and domestic
scientific and expert audience through the following publications:

Category M21a:

1. DuSan Isailovi¢, Vladeta Stojanovic, Matthias Trapp, Rico Richter, Rade Hajdin, Jiirgen
Dollner, Bridge damage: Detection, IFC-based semantic enrichment and visualization,
Automation in Construction, Volume 112, 2020, 103088, ISSN 0926-5805,
https://doi.org/10.1016/j.autcon.2020.103088.

Category M33:

1. Dusan Isailovi¢, Marija Petronijevi¢, Rade Hajdin, The future of BIM and Bridge
Management Systems, In IABSE Symposium 2019: Towards a Resilient Built Environment
- Risk and Asset Management, pages 1673 — 1680. International Association for Bridge and
Structural Engineering (IABSE), 2019. ISBN: 978-1-5108-8445-8.

2. Dusan Isailovi¢, Rade Hajdin, Jose Campos e Matos, Bridge quality control using Bayesian
net, In 40th IABSE Symposium 2018: Tomorrow’s Megastructures, pages S27-51.
International Association for Bridge and Structural Engineering (IABSE), 2018. ISBN: 978-
1-5108-7385-8.



https://doi.org/10.1016/j.autcon.2020.103088

3. Dusan Isailovi¢, Igor Svetel, Simple Building Information Modeling by using Industry
Foundation Classes, Proceedings of 7" International Symposium on Industrial Engineering,
Belgrade, 2018. ISBN: 978-86-89111-20-0.

4. Nikola Tanasi¢, Dusan Isailovi¢, Rade Hajdin, Jose Campos e Matos, Quality Control of
Roadway Bridges - Reliability Assessment, TU1406 COST Action meeting eBook, pages 325
— 331, COST ACTION TU1406, Barcelona, 2018. ISBN: 978-84-9880-756-1.

5. CONCLUSION AND RECOMMENDATION

With the dissertation, the candidate gave an exceptional independent scientific contribution. The
Commission unanimously proposes the acceptance of the dissertation for public defense.

Belgrade, June 19, 2020

COMMITTEE MEMBERS

Prof. Dr. Rade Hajdin
(Faculty of Civil Engineering, University of Belgrade)

Prof. Dr. Markus Konig
(Faculty of Civil and Environmental Engineering, Ruhr-University Bochum, Germany)

Prof. Dr. Milo$ Kovacevi¢
(Faculty of Civil Engineering, University of Belgrade)

Ass. Prof. Dorde Nedeljkovi¢
(Faculty of Civil Engineering, University of Belgrade)

Dr. Igor Svetel
( Innovation Center, Faculty of Mechanical Engineering, University of Belgrade)
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