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Mauibopooa P.I. 3abe3nedeHHS CTIMKOCTI MOHOJITHUX 3alli300€TOHHUX
OyJiBeNb JIO MPOTPecyrouoro OoOBajeHHS BHACIIIOK TMOXEX1 Ta aeduarpariifHoro
BuOyxy — KBamidikamiiiHa HayKoBa mparis Ha paBax pyKOIIUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTYIeHA JOoKTopa (disocodii 3a
crieriaybHIcTIO 261 — moxkexxkHa Oe3neka. — HarioHanbHUN yHIBEPCUTET ITUBUIHLHOTO
3axucty Ykpainu, [lepkaBHa cimyx0a Ykpainu 3 Haa3BUYaWMHUX CUTyarii, Yepkacw,
2025.

Hucepramiitna po0OoTa TPHUCBAYEHA BUPIIMICHHIO BaXKJIUBOTO HAYKOBO—
MPAaKTUYHOTO 3aBJaHHS B Taidy3l MOXKEXHOI Oe3Meku — 3a0e3nedyeHHs CTIMKOCTI
MOHOJIITHUX 3aJ11300€TOHHUX OyAiBedb JO MPOTPECYIOYOro OOBaJICHHS BHACIIJIOK
noxkexi Ta AedaarpariiHoro BUOyxy.

Y BeTymi 1OJAaHO 3aralibHy XapaKTEpUCTHKY JUCEpPTaliiHOI pOOOTH.
OOTpyHTOBaHO HAMPSIMOK HAYKOBHX JIOCHIIKEHb, CHOPMYIHOBAHO METy POOOTH Ta
OCHOBHI 3aBJaHHS IOCIIIKEHHS, 00’ €KT Ta MPEAMET JTOCHTII)KEHHS, HAYKOBY HOBU3HY,
MPaKTUYHE BIPOBAKEHHS, MOKA3aHO 3B’SI30K POOOTH 3 HAYKOBUMH IpOrpamMaMu.
Hagpeneno nani npo ocoducTuit BHECOK 3/100yBaya, anmpoOaiiiro poOOTH Ta MmyOiKaiii.

VY mepmomy po3aiii mpoBeAEHO aHali3 HAYKOBUX JIKEped 1 HOPMAaTUBHUX
JIOKYMEHTIB IOJI0 JOCIIHKEHHS IPOOJIEMH MPOTPecyodoro 0OBajIeHHsI MOHOJIITHUX
3a11300€TOHHUX Oy/IiBeNIb BHACHIIOK aBapiiHMX CUTyaliil. BusiBieHo, 1mo icHyroui
JOCIIJIKEHHSI OOMEXKYIOThCSl CHPOIICHUMHU PO3PAXyHKOBUMU METOJAaMH Ta HE
OXOTUTIOIOTh KOMOIHOBaHY JIIF0 MOXKEX1 Ta BHYTPIIIHBOTO AeduarpaiiiiHoro BUOyxy.
[IpoaHanizoBaHO TpakTyBaHHS TEPMIHY «IIPOrpecyrodye O0OBaJeHHS» B HOPMATUBHHX
JTOKyMEHTaX 1 JOCTIPKEHHSIX, 32 pe3yJbTaTaMUd YOro BCTAHOBJIEHO HEOJHO3HAYHICTh
I[bOI0 BU3HAYEHHS, IO YCKJIQJIHIOE PO3POOKY €IMHUX MIIXOMIB Uil 3a0e3MeUueHHs
CTIMKOCTI OyJiBENb 0 MPOrpecyrouoro oOBajieHHs. BUIIIEHO OKpeMy KaTeropito
IPOrPECy0voro 0OBaJIEHHs 3a/11300€TOHHUX OyAiBEb, 3yMOBJIEHOTO MOXKEXKAMHU, L0
CYIPOBOJIKYIOTHCS BUOYXaMHM, 37€01IbIIIOT0 Ta30BUMHU a00 MUJIOMOBITPSHUMH, IO

XapakTepHI JJIs1 BAPOOHNYHX Oy/1iBeNb. BcTaHOBIIEHO, 1110 BUMOTH Cy9aCHUX METOJIUK
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1 HOpMaTUBHUX JOKYMEHTIB HE BPaXOBYIOTh OCOOJMBOCTI MOBEAIHKA KOHCTPYKTUBHOI
CHUCTEMH MOHOJIITHHX 3aJ11300€TOHHUX Oy/iBeNb 32 YMOB KOMOIHOBaHOTO BILIUBY
noxkexi Ta aednarpamiiiHoro BuOYXy. BusBIEHO OCHOBHI HENONIKH 1CHYIOYHX
M1JIX0/11B, IO MIATBEPIKYE HEOOX1AHICTh pO3POOICHHS METOMKH JIJIS TPOTHO3YBaHHS
Ta 3a0e3meueHHs CTINKOCTI MOHOJITHHUX 3aJ11300€TOHHUX OY/IiBEb 0 MPOTPECYI0UOro
oOBaJICHHs] B yMOBaX KOMOIHOBAaHUX aBapiliHUX CUTYaIliil.

Y napyromy po3aiii po3poOsieHO MaTeMaTH4Hy MOJeNb MPOTHO3yBaHHS
MOBEIIHKM MOHOJITHHX 3allI300€TOHHUX KOHCTPYKIIH B YMOBax TOXEXl Ta
neduarpariinoro BUOYXy, sika Ha BIJIMIHY BiJ ICHYIOUHMX BpaxOBY€ HeJIHINHI
TEIUIO(PI3UYHI  XapAKTEPUCTUKK MaTeplaiiB, TEMIEpaTypHI PEKUMH TOXKEK,
HEJIIHINHICTh 3aKOHIB A€()OpPMYBAaHHS MaTepialliB KOHCTPYKIIW, BIJIUB HABAHTAKEHHS
BiJl Aeduarpaiiinoro Buoyxy. Takox po3po0JIeHO MaTEMaTUYHY MOJEIb PO3MOILITY
TEMIEPATYPHUX TOTIB Y CUCTEMI «3al11300€TOHHA KOJIOHA—TIEPEKPUTTS» TP MOKEKI,
dKka 1moOyaoBaHa Ha 0a3l PIBHAHb HECTAI[IOHAPHOI TEIUIOMPOBITHOCTI, TEMJIOBOIO
BUIPOMIHIOBaHHSI, KOHBEKTHBHOTO TEIUIOOOMIHY, BPaxOBY€ IPOCTOPOBY CYMICHY
TEIUIOBY B3a€MOJII0 KOHCTPYKTUBHUX €JIEMEHTIB, TETIJIOBHA KOHTAKT y 30HI By3ja Ta
MeXaH13M B3a€EMHOT'O OTIPOMIHIOBAHHS ITOBEPXOHb.

Y Tperbomy po3aijii  po3po0JEHO METOAMKY, SKa IPYHTYETbCS Ha
3aIPONOHOBAHMX MAaTEeMAaTHYHUX MOJENSAX, JO3BOJISE TPOBOJWTH PO3PAXYHKH W
MIPOTHO3YBATH CTIMKICTh MOHOJITHUX 3a1300€TOHHUX OYyIiBEIb JI0 MPOTPECYOYOro
OOBaJieHHs 3a YMOB BHCOKOTEMIIEPATYPHOTO BIUIMBY IMOKEXI Ta IUHAMIYHOTO
HABAHTAXKEHHSA, 3YMOBJICHOTO BHYTpIIIHIM neduarpamiiinum BuOyxom. BusnaueHo
O0COOJIMBOCTI PO3PAaXyHKY MPOrPECYrOYOro OOBajieHHs 3alli300€TOHHUX OY/IiBEIb,
COPUYMHEHOTO Ji€t0 Tokexi Ta geduarpamiitHoro BuOyxy. IlpeactaBieno
KOMIT IOTEpHY peaiizallilo 3amporioHOBAaHOT METOAUKHA B MPOrPAMHOMY KOMILIEKCI
JIIPA—CAIIP nyst 3a0e3nedeHHs CTIMKOCTI MOHOJITHOI 3a1i300€TOHHOT OyaiBJi Ha
MPUKJIAIl [IECTH MOBEPXOBOI BUPOOHWYOI CTIOpYAH. 3a pe3yJbTaTaMH UYHCEITHHOTO
MOJICITFOBAHHS BUSHAUCHO, IO T JI€I0 MOMXKEXK1 TPUBATICTIO 60 XBUIIMH MEPEMIIICHHS
IUTUT TIEPEKPUTTS 3pocTae y 2,6 pa3u yepe3 BTpaTy >KOPCTKOCTI MarepiaiiB. Y pasi

KOMOIHOBAHOTO BILTUBY MOKEXI1 Ta AeduiarpaliiiHoro BUOyxy BiA3HAUEHO 301IbIIEHHS
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nepeminieHs A0 8,2 pa3u. BuzHaueHo, 110 MOENHAHWNA BIUIMB TEMIIEPATYpHOTO Ta
BUOYXOBOIO HABaHTAXKEHb CYTTEBO 3HIKYE HECYdy 3JIaTHICTh KOHCTPYKTHMBHOI
cucTeMu OyIiBIIi.

VY uyerBepTOMYy PpoO31iJi NpoBeeHA MEpeBIpKa JOCTOBIPHOCTI PO3POOICHUX
MaTeMaTHYHUX MOJIEJICH UISIXOM MOPIBHIHHS PE3YJIbTaTIB YUCETLHOTO PO3PAXYHKY 3
EKCIICPUMEHTAJIbHUMH JTaHUMH BHUIPOOYBaHh HA BOTHECTIHKICTh MOHOJIITHHX
3aJ11300€TOHHUX KOHCTPYKIIIH. BimHocHa nmoxuoka He nepeunuia 10 %. Bukonanuit
PO3paxyHOK KOIITOPUCY JAOLUIBHOCTI 3aCTOCYBaHHS PO3pPOOJEHOT METOAUKH
3a0€3IeUeHHsI CTIMKOCTI MOHOJIITHHX 3al1300€TOHHHMX OY/IIBEb JO MPOTPECyr0doro
oOBaJIeHHS BHACTIOK MOXEX1 Ta AedaarpaiiifHoro BUOyxy (Ha nmpuKIaai BUPOOHUYOT
Oynismi). Ilpsmi BuTpatn y pasl BOPOBAIKEHHSA JOJATKOBUX KOHCTPYKTHUBHHUX abo0
IH)KCHEpHO—TEXHIYHUX 3aXO0J1IB, BUBHAYCHUX 32 METOJMKOIO, Y 6 pa3iB MEHII, HiX
BUTpPATH, INOB’SI3aHI 3 BIJAHOBIEHHAM 3pyWHOBaHOi OyiBIl TMICHsA PO3BHUTKY
MPOTPECYI0UOro 0OBAJICHHS.

HaykoBa HOBHM3HA 0/Iep)KaHUX PE3YJIbTATIB MOJISITA€ y TOMY, II10:

1. Bonepme po3po0iieHO MaTeMaTUYHY MOJENb MPOTHO3YBAaHHS IOBEIIHKH
MOHOJIITHUX 3ali300€TOHHUX KOHCTPYKIIIA B yMOBax MOXexl Ta aeduarpalriiiHoro
BUOyXy, $Ka Ha BIAMIHY BIJ ICHYIOUMX BpaxoOBY€ HENIHINHI Termio(i3nyHi
XapaKTEPUCTUKU MaTeplaiiB, TEMIEPATYPHI PEKUMHU MMOXKEX, HEITIHIHHICTh 3aKOHIB
nedhopMyBaHHS MaTepialliB KOHCTPYKIIIH, BIUTMB HABaHTAXKEHHS B nediarpaiiitHoro
BUOYXY.

2. Boepume po3pobiieHO MaTeMaTH4HY MOJENb PO3MOILTY TeMIepaTypHUX
TMOJIIB Y CUCTEMI «3aJ11300€TOHHA KOJIOHA—TIEPEKPUTTS MPHU TOKEXKI, siKa MO0y 10BaHa
Ha 0a3l pIBHAHb HECTAL[IOHAPHOI TEIJIONPOBIAHOCTI, TEMJIOBOTO BHUIPOMIHIOBAHHS,
KOHBEKTUBHOT'O TEIJIOOOMIHY, BPaXxOBY€ MPOCTOPOBY CYMICHY TEIUIOBY B3a€MOJIIIO
KOHCTPYKTHUBHHUX €JIEMEHTIB, TEIJIOBUI KOHTAKT Y 30HI By3Jia Ta ME€XaH13M B3a€MHOTO
OMPOMIHIOBaHHS TOBEPXOHb.

3. Bmepme po3poOieHO METOAUKY 3a0e3MeUeHHs CTIMKOCTI MOHOJITHUX
3a11300€TOHHUX Oy/iBENIb 10 MPOrPeCyrodoro OOBaJ€HHS BHACHIJIOK TOXEXI Ta

nednarpaiiiHoro BuOyxy, sika 0a3yeTbcs Ha PO3pPOOJICHMX MATEeMATHUYHUX MOJEISAX Ta
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nependayae BUBHAYEHHS HAIPYKEHO—AE(POPMOBAHOIO CTaHy KOHCTPYKTHBHOI CUCTEMH
miJ BIUIMBOM TMOXEXI Ta BUOYXY, BU3HAYEHHS 3pyHHOBAaHUX €JIEMEHTIB, BXKUTTSA
KOHCTPYKTUBHUX PIllICHh a00 1HXXKCHEPHO—TEXHIYHUX 3aXOJliB 3 METOIO HEIOIYIICHHS
IIPOTPeCy0Uoro oOBajeHHs Oy/I1BEIb.

4.  YI0CKOHAJIEHO  KOMITIOTEPHY  MOJETh  CTIMKOCTI  MOHOJITHUX
3a11300€TOHHUX OYAIBEJb 0 MPOTrPecyrouoro oOBaeHHs, siKa 3a0e3Meuye NporpaMmay
peaizaliito po3po0eHOT METOIUKH.

Po3pobnena meronuka 3a0e3reueHHsT CTIHKOCTI MOHOJITHUX 313006 TOHHUX
OyJliBeb J1I0 IPOrpecyrouoro oOBajeHHsS BHACTIOK MOXEXi Ta aedarpaliifHoro
BUOYXY, sika 6a3y€eThCsl HA PO3POOICHIUX MaTEMAaTUYHUX MOJIENISIX, € HOBUM IT1JIXOJIOM,
SAKUU JO3BOJISIE PEali30BYBATH CTpATErili MPOEKTYBaHHS, NpUMaTH OOIPYHTOBAHI
pILIEHHST 1IOA0 BUOOPY KOHCTPYKTUBHHUX 1 IHXKEHEPHO—TEXHIYHUX 3aXOMdIB JUJIs
3a0€3MeUeHHs CTPYKTYPHOI LIJIICHOCT1 Oy/AiBelb B yMOBaX KOMOIHOBaHUX aBapiitHUX
HAaBaHTa)XCHb. BUKOPUCTaHHA yJOCKOHAIEHOI KOMII IOTEPHOI MOJENl JT03BOJISIE
aBTOMATU3yBaTH TIPOIEC OIIHIOBAaHHS CTIAKOCTI KOHCTPYKTHBHOI CHCTEMH,
3MIACHIOBATH  MOETalmHEe  JOCHIDKEHHS  HanmpyXeHO—/1e(OpMOBAaHOTO  CTaHy
KOHCTPYKTHUBHOT CUCTEMHU Ta BU3HAYATH KPUTHYHI 30HU pyiHyBaHHS. [le 3a0e3neuye
MPaKTUYHY LIHHICTb K Ha CTaJll IPOEKTYBAHHA HOBUX 00’ €KTIB, TaK 1 0OCTEKEHHS Ta
PEKOHCTPYKIIIT ICHYIOUHX CIOPYJA, @ TaKOXX MOXe OyTH BUKOPHUCTAHO B CHCTEMax
MIATPUMKN TPUAHATTS PIIEHh B YMOBAaX HAJ3BHYAWHUX CUTYAIllll TEXHOT€HHOIO Ta
BOEHHOTO XapaKTepy.

KurouoBi cioBa: noxexa, aednarpamiinuii BUOyx, KoMO1HaIlisl HABAHTaXKEHb,
nporpecyroue oOBaJIeHHS, MAaTEMaTUYHA MOJI€]Ib, METOJMKA, KOMII FOTE€pHA MOJEIb,

[IK JIPA—-CAIIP.
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CMHACOK OIMYBJIKOBAHMX MPAIIb 3A TEMOIO JIMCEPTALIT

Iyb6aikanii y HaykoBuX (paxoBUX BUIAHHAX, 10 BXOAATH 10 MIi?KHAPOIHOI
HAYKOMETPHUYHOI 0a3u Scopus:

1. Skob Y., Dreval Y., Vasilchenko A., Maiboroda R. Selection of Material and
Thickness of the Protective Wall in the Conditions of a Hydrogen Explosion of Various
Power. Key Engineering Materials. 2023. 952. P. 121-129. doi:
https://doi.org/10.4028/p—ST1VeT.

Ocobucmuii 6HecOK — 834MO y4acmsv y po3podyi mamemamudHoi mooeiui
NOWUPEHHs XUl 8UOYXY, KA 8PAX0BYE MPUBUMIDHUL HECMAYIOHAPHUL Xapakmep
8ubyxosoco npoyecy. Ilpogedeno po3paxyHoK HAOIUWKOB020 MUCKY MA IMAYIbCY
Gasu cmucHenHs xeuni 8udyxy 3 no6y008010 NPOCMOPOBO—UACOBUX NOJIG ) 30HI
VPadtCceHHsL.

2. Maiboroda, R., Zhuravskij, M., Otrosh, Y., Karpuntsov, V. Determination of
the Required Area of Easily Removable Structures to Protect against Progressive
Collapse. In Key Engineering Materials. 2024. 1004. P. 73-83. doi:
https://doi.org/10.4028/p—v0xa6h.

Ocobucmuti 6HecOK — pOo3pOoOJeHHs IMIMAayitHoi MoOeni Ol BU3HAYEHHS
He0OXIOHOI NIoWi N1e2KOCKUOHUX KOHCMPYKYIU Ol 3axXucmy 8i0 Npo2specyoyuozo
008anenHs, siIKe BUHUKAE uepe3 BUDYX.

IIyoaikauii B HaykoBUX (paxXOBHX BHMIAHHAX YKpPaiHH, IO BXOAATH /10
Mi’KHAPOJHUX HAYKOMEeTPUYHUX 0a3:

3. Orpomr O.A., Maiioopoaa P.I., Pomin A.B. JlocmimkeHHS METOIUK
PO3paxyHKy MPOrpecyrdoro ooBanieHHs. Mexanixa ma mamemamuyni memoou. 2023.
2, C. 25-40. URL.: https://doi.org/10.31650/2618-0650-2023—-5-2-25-40.

Ocobucmuii 8HecOK — y3a2anbHeHHs YUHHUKIB, SKI CNPUYUHAIOMb GUHUKHEHHS
npozpecyroio20 008anNeHHs BHACTIOOK NONCENC, 8 Pe3YIbMAmi AHANi3) HAYKOBUX NPAYb
BUSABIIEHO BIOCYMHICMb EOUHOI MEeMOOUKU PO3PAXYHKY CMIUKOCMI KOHCMPYKYIU 00

npocpecyrouo2o pyuHy8aHHs 3a YM0O8 KOMOIHOBAHOI Oii nodicedici ma sudyxy.
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4. Maiioopoaa P.I., Otpom IO.A. Ilporpamua peaii3zaiiisi OIlIHIOBaHHS
CTIAKOCTI OyHiBeIb 10 MPOrpecyrouoro oOBaieHHS. [lpobaemu Had38uuauHUX
cumyayitl. 2025. 1(41), C. 177-193. URL:
http://repositsc.nuczu.edu.ua’/handle/123456789/25353.

Ocobucmuti 6HecoOK — pO3pPOOJIeHH KOMN TOMEPHOI MoOoeni 3 OYIHIOBAHHS
cmitkocmi 3ai300emMOHHUX MOHOIMHUX 0Y0i8esb 00 NPo2pecyrv020 008ANeHHs Ni0
BNIUBOM KOMOIHOBAHOI Oii noocedci ma GHYmMpiuHb020 Oerazpayitinoco eubdyxy,
BU3HAYEHHS 0CODIUBOCTEN PO3PAXYHKY.

5. Maii6opoaa P.I., Orpomr FO.A. YiaockoHajdeHHS MaTeMaTHYHOI MOJEI
TeIIonepeayl CUCTEMH «3a1300€TOHHA KOJIOHA—TIEPEKPUTT». Haykosuii icHUK:
Husinonuti 3axucm ma nooxcexcha o6esnexka. 2025. 1(19). C. 97-108. URL:
https://doi.org/10.33269/nvcz.2025.1.(19).97-108.

Ocobucmuti 6Hecok — po3poo.ienHs ma YOOCKOHAIEHH MAMeMamu4Hoi Mooeni
PO3NO0INY MeMnepamypHux nouie y cucmemi «3a1i300emonHa KOJIOHA—NepeKpUmmsy
npu  nodcedici, AKA  8pPAX08YE  NPOCMOPO8Y  CYMICHY MEniogy  63aeMOo0iio
KOHCMPYKMUBHUX eJleMeHMi6, Menjosuli KOHMAaxkm Yy 30Hi Gy31a ma MeXauizm
83AEMHO20 ONPOMIHEHHSL NOBEPXOHD.

6. Maiiboponaa, P., Orpoun, 0. JlocnigkeHHS METOANKN PO3PaXyHKY CTIMKOCTI
710 IPOrPECy0Uoro ooBajgeHHs OyAiBelb BHACIIIOK MOXKEX1 Ta BUOYXy. KomyHanvre
eocnodapcmeo micm. 2025. 3(191). C. 485-495. URL: https://doi.org/10.33042/2522—
1809-2025-3-191-485-495.

Ocobucmuil 6HeCOK — AHANI3 HAYKOBUX 0dcepell U000 MONCIUBOCIE NPOBEOCHHS
PO3PAXYHKI6 HA CMIUKICMb 3ai300emOHHUX 0Y0igenb 00 Npocpecyrovoco 008aeHH s
BHACNIIOOK NOJMCENCI ma BGHYMPIUHb020 Oeghrazpayitino2o 6ubyxy, po3pooaeHHs.
MemoouKu 3abe3neyenHs CMmiuKkocmi 3aniz00emonHHux 0yodigeib 00 Npocpecyioyo2o
008aIeHHST BHACTIIOOK NONCENCT MA BHYMPIUHLOMY Oe@aazpayiiHoMy 8UOYX).

7. Maiboroda R., Otroch Yu. Improved thermomechanical model for predicting
the behaviour of reinforced concrete structures under fire and explosion conditions.
Mechanics and Mathematical Methods. 2025. VII (2). P. 66-85. URL:
https://doi.org/10.31650/2618—0650-2025-7-2—66—85.


http://repositsc.nuczu.edu.ua/handle/123456789/25353
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Ocobucmuii 8HecoK — po3po0OJIeHHL MAMeMamuyHoi Mooei 01 NPO2HO3)8AHHS
NOBEOIHKU MOHONMHUX — 3ANI300€MOHHUX KOHCMPYKYI npu Oii  nidsuueHux
memMnepamyp noicexNci ma HadIUKo8020 MUCKY 8i0 deiazpayilinoco sudyxy.

IMyo6aikanii y 3akopaoHHuX (paxoBUX BUJAAHHSX:

8. Purdenko, R., Maiboroda, R., Rashkevich, N., Otrosh, Y. Development of a
Numerical Model of the «Soil-Foundation—Building» System. In Applied Mechanics
and Materials. 2024. 924, P. 191-199. doi: https://doi.org/10.4028/p—Soeggb.

Ocobucmuii  8HecOK — NOCMAHOBKA NpobieMu ma 3A80aHHs, 0270
npooOIeMamuKy, NPOBEOeHHs YUCETbHUX PO3PAXYHKIE NpOSpecyroyo2o 008a1eHHs
0y0isi 6HACNIO0K NoJHCcediCi ma UOYXY.

My0aikauii, iki 3acBIIYYIOTH anpodaiio MaTepiajiB JucepTamii:

9. Maiioopona P.I. Anani3z MOXJIMBOCTI MTPOBEACHHS PO3PAXYHKIB HA CTIMKICTD
OyJliBeJIb Ta CIOPY JO MPOTrPecyrouoro oOBajeHHsI BHACIIOK MOXKEXK1. 3anobicanHs
BUHUKHEHHIO HAO36UYAUHUX CUMYayil, peazyéaHHs ma J1iKeioayis ix HACTIOKIE.
Mamepianu kpyenoco cmony (6ebinapy). m. Xapkis: HYI3 Ykpainu, 2023. C. 112—
113. URL: http://repositsc.nuczu.edu.ua/handle/123456789/17084.

Ocobucmuii 8Hecox — (OPMYBAHHSA HAYKOBO20 3A80AHHA WOO0 HE0OXiOHOCHII
3abe3neuenHss cCmiukocmi 0y0igeib 8 YMOBAX NOHCELCI.

10. Maiioopoaa P.I., Otpomr FO.A. HeoOXigHICTh TOCTIIKEHHS 1 MiABUIIEHHS
OPOTU/IT KOHCTPYKIIH mMporpecyrodoMy (KackaJHOMY) OOBaJICHHIO OyaiBelb Ta
copyn. Ilpobnemu ma nepcnekmusu 3a6e3neyeHus YusiibHO20 3axXUCmy: mamepiaiu
MINCHAPOOHOI HAYKOBO—NPAKMU4HOI KoHgepenyii monooux yuenux. M. Xapkis: HY1I3
VYkpainu, 2023. C. 69. URL: http://repositsc.nuczu.edu.ua/handle/123456789/17664.

Ocobucmuii 8HecOK — NPOBEOeHUll KPUMUYHUL 021580 NpoOIemMamuKky uooo
8IOCYMHOCMI  OOIPYHMOBAHUX MEMOOUK PO3PAXYHKY cmilkocmi 0ydigenb 00
npozpecyot020 008aNeHHs BHACIIOOK NOJCEHC Ma UOYXIE.

11. Maiioopoaa P.1., Orpomur FO.A. Orisig METOTIB pO3paxyHKY MPOTPECyOUOro
oOBaJICHHS TpU BUHUKHEHHI MOXeXi. Haossuyaini cumyayii: besnexa ma 3axucm:

Martepianu XIII BeeykpaiHchbkoi HAyKOBO—TIPaKTUUHOT KOH(EPEeHIIii 3 MI>KHaPOIHOIO


http://repositsc.nuczu.edu.ua/handle/123456789/17084
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yuacTtio. M. Yepkacu: UIIIb im. I'epoiB Yopunoownst HYII3 Ykpainu. 2023. C. 135-136.
URL: http://repositsc.nuczu.edu.ua/handle/123456789/18473.

Ocobucmuii 6HecOK — NOPIBHAHHA OCHOBHUX MeMmOOi8 PO3PAXYHKY CMIUKOCHI
0yoigenb 00 npoepecyto2o 0068aleHH s, AKI GUKOPUCTOBYIOMbCA 6 PISHUX KPAIHAX.

12. Maii6opoaa P.I., Otrpomr FO.A. [Iporpecyrode oOBasieHHsI Oy/IiBElIb B yMOBaX
croroaeHH. XV Mixcuapoona naykosa xoughepenyia €sponeticokoi Acoyiayii Hayk 3
oesnexu (EAS) «be3neka nmoounu y cyuacuux ymosaxy. M. XapkiB: HTY «XI1I», 2023.
C. 25-27. URL: http://repositsc.nuczu.edu.ua/handle/123456789/19092.

Ocobucmuii  6necox — ¢hopmysanHs nNpoOIeMAMUuKyu 8i0CYMHOCMI EOUHOT
MemoOouKU po3paxyHky cmiukocmi 6y0igeitb 00 npocpecyrouoco 0068aNeHHs 8 YMOBAX
nooJicexnci 3 AaKYeHmoM Ha HeoOXIOHICMb 8paxXy8aHHs KOMOIHAYiU asapiuHux
HABAHMANCEHD.

13. Maiioopona P.I., Otpomr FO.A. HeoOximHICTh OOCHIIKEHHS HECY4YHX
3aJ11300€TOHHUX KOHCTPYKIIH MPOrpecyrouoMy OOBaJICHHIO OY/IBElIb Ta CHOPYJ B
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ABSTRACT

Mayboroda R.I. Ensuring the resistance of monolithic reinforced concrete
buildings to progressive collapse caused by fire and deflagration explosion — a
qualification research work presented as a manuscript.

A dissertation submitted for the degree of Doctor of Philosophy in speciality 261
— Fire Safety. — National University of Civil Protection of Ukraine, State Emergency
Service of Ukraine, Cherkasy, 2025.

This dissertation is devoted to solving an important scientific and practical
problem in the field of fire safety — ensuring the resistance of monolithic reinforced

The introduction presents a general overview of the dissertation. It
substantiates the direction of the research, defines the aim of the work and the main
objectives of the study, the object and subject of research, the scientific novelty, and
the practical implementation. It also demonstrates the connection of the dissertation
with scientific programmes. Information regarding the author’s personal contribution,
the approbation of the research, and the related publications is provided.

The first section analyses scientific sources and regulatory documents
concerning the study of the problem of progressive collapse of monolithic reinforced
concrete buildings as a result of emergency situations. It has been found that existing
studies are limited to simplified calculation methods and do not cover the combined
effects of fire and internal deflagration explosions. The interpretation of the term
‘progressive collapse’ in regulatory documents and studies is analysed, and the results
show that this definition is ambiguous, which complicates the development of uniform
approaches to ensuring the resistance of buildings to progressive collapse. A separate
category of progressive collapse of reinforced concrete buildings caused by fires
accompanied by explosions, mainly gas or dust explosions, which are characteristic of
industrial buildings, has been identified. It has been established that the requirements
of modern methods and regulatory documents do not take into account the peculiarities
of the behaviour of the structural system of monolithic reinforced concrete buildings

under the combined influence of fire and deflagration explosion. The main
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shortcomings of existing approaches have been identified, confirming the need to
develop new methods for predicting and ensuring the stability of monolithic reinforced
concrete buildings against progressive collapse in combined emergency situations.

The second chapter developed a mathematical model for predicting the
behaviour of monolithic reinforced concrete structures under fire and deflagration
explosion conditions, which, unlike existing models, takes into account the nonlinear
thermophysical characteristics of materials, fire temperature regimes, the nonlinearity
of the laws of deformation of structural materials, and the impact of deflagration
explosion loads. A mathematical model of the distribution of temperature fields in the
‘reinforced concrete column-slab’ system during a fire has been developed, which is
based on equations of unsteady heat conduction, thermal radiation, convective heat
transfer, taking into account the spatial combined thermal interaction of structural
elements, thermal contact in the node area, and the mechanism of mutual irradiation of
surfaces.

The third section developed a methodology based on the proposed
mathematical models, which allows calculations to be made and the stability of
monolithic reinforced concrete buildings to be predicted in terms of progressive
collapse under conditions of high-temperature fire exposure and dynamic loading
caused by an internal deflagration explosion. The features of calculating the
progressive collapse of reinforced concrete buildings caused by fire and deflagration
explosions are determined. A computer implementation of the proposed methodology
in the LIRA-SAPR software complex is presented to ensure the stability of a
monolithic reinforced concrete building using the example of a six-storey industrial
building. According to the results of numerical modelling, it has been determined that
under the action of a fire lasting 60 minutes, the displacement of floor slabs increases
2.6 times due to the loss of material stiffness. In the case of the combined effect of fire
and deflagration explosion, an increase in displacement up to 8.2 times has been noted.
It was determined that the combined effect of thermal and explosive loads significantly

reduces the load-bearing capacity of the building's structural system.
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In the fourth section, the reliability of the developed mathematical models was
verified by comparing the results of numerical calculations with experimental data
from fire resistance tests of monolithic reinforced concrete structures. The relative error
did not exceed 10%. A cost estimate was made for the feasibility of applying the
developed methodology to ensure the stability of monolithic reinforced concrete
buildings against progressive collapse due to fire and deflagration explosion (using the
example of an industrial building). The direct costs of implementing additional
structural or engineering measures specified in the methodology are six times lower
than the costs associated with restoring a destroyed building after progressive collapse.

The scientific novelty of the results obtained lies in the fact that:

1. For the first time, a mathematical model has been developed to predict the
behaviour of monolithic reinforced concrete structures in conditions of fire and
deflagration explosion, which, unlike existing models, takes into account the nonlinear
thermophysical characteristics of materials, temperature regimes of fires, the
nonlinearity of the laws of deformation of structural materials, and the impact of loads
from deflagration explosions.

2. For the first time, a mathematical model of temperature field distribution in
a reinforced concrete column-slab system during a fire has been developed, based on
equations of unsteady heat conduction, thermal radiation, convective heat transfer,
taking into account the spatial combined thermal interaction of structural elements,
thermal contact in the node area, and the mechanism of mutual irradiation of surfaces.

3. For the first time, a methodology has been developed to ensure the stability of
monolithic reinforced concrete buildings against progressive collapse due to fire and
deflagration explosion, which is based on developed mathematical models and provides
for determining the stress-strain state of the structural system under the influence of fire
and explosion, identifying destroyed elements, and implementing structural solutions or
engineering and technical measures to prevent progressive collapse of buildings.

4. A computer model of the resistance of monolithic reinforced concrete
buildings to progressive collapse has been improved, which ensures the software

implementation of the developed methodology.
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The developed methodology for ensuring the resistance of monolithic reinforced
concrete buildings to progressive collapse due to fire and deflagration explosion, which
is based on the developed mathematical models, is a new approach that allows you to
implement design strategies, make informed decisions on the choice of structural and
engineering measures to ensure the structural integrity of buildings under conditions of
combined emergency loads. The use of an improved computer model allows you to
automate the process of assessing the stability of the structural system, carry out a
phased study of the stress-strain state of the structural system and determine critical
failure zones. This provides practical value both at the design stage of new facilities
and during the inspection and reconstruction of existing structures, and can also be
used in decision-making support systems in conditions of man-made and military
emergencies.
Keywords: fire, deflagration explosion, load combination, progressive collapse,

mathematical model, methodology, computer model, LIRA—SAPR PC.



