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MIHICTEPCTBO OCBITU I HAYKW YKPAIHU

KUIBCHKUI HALIIOHAJIbHU YHIBEPCUTET
BYAIBHUIITBA TA APXITEKTYPU

POBOYA ITPOI'PAMA TA TE3U JIOIIOBIJIENA
IV MDKHAPOZAHA HAYKOBO-TTPAKTUYHA KOH®EPEHIIIA

BYAIBJII TA CITIOPYIHN
CIENIAJIBHOI'O IPU3HAYEHHS:
CYYACHI MATEPIAJIM TA KOHCTPYKIIII

26 kBitHs 2023 poky

KUIBCHKUI HALIIOHAJIbHMI YHIBEPCUTET BYIIBHULITBA TA
APXITEKTYPU

Ykpaina, M. Kuis, [lositpoduiorcekuii mpocrnekr, 31



OPT'AHIBATOPU KOH®EPEHIIIT

KUIBCHKUI HALIIOHAJIbHMI YHIBEPCUTET BYIIBHULITBA TA
APXITEKTYPU

KOH®EPEHUISA BIABYAETHCSH 3A YUACTI
MiHicTepcTBO OCBITH 1 HAyKH Y KpaiHH,
MinictepcTBO 000poHU YKpaiHH,
Axanemis OyniBHAIITBA YKpaiHU.
HAYKOBHUI KOMITET KOH®EPEHIIIT

Kymnikos [1.M. — ronosa
Yepuumres /[.O.- criiBrosiona
Kypascekuit O./1.- 3aCTYITHUK TOJIOBU

Asizos T.H., Kuimos 10.A.,
Babuu €.M., Kaumenko €.B.,
Bambypa A.M., Jlanenko O.1.,
Bapabam M.C., Jlizynos I1.I1.,
bumk C.1., [TaBiikoB A.M.,
Brnixapcekwuii 3.41., ITymkapsosa K.K.,
Demchyna Bohdan, Casuubkuii M.B.,
Hopodees B.C., Stemberk Peter,
Gigineishvili Johni, CyXﬁHGBI/I‘l M.B,,
IBanuenko FM, IHMyKnep B.C.

Kinasz Roman,

META KOH®EPEHIIII

CucreMHe JOCIIPKEHHS IPOOJIEM MPOSKTYBAHHS, PO3PaxXyHKY Ta eKCIUTyaTarlil
OyIiBeJb Ta CIIOPYT CIEIIaTbHOTO PU3HAYCHHS

MICIHE NPOBEJIEHHS KOH®EPEHIIII

KuiB KuiBchkuii HalliOHANBHUI yHIBEPCUTET Oy IIBHHUIITBA 1 apXITEKTYPH
Iositpoduorcekuit mpocrekr, 31.

Kondepenuisn 0yae nposenena y nucranuiinin gpopmi
Ha miaaTdopmi Zoom

2



TEMATHUKA KOH®EPEHIIII

* CyyacHi OyziBeJIbHI MaTepialy Ta TEXHOJIOTIT JuIs Oy/1iBeNb CeliabHOro
MPU3HAYCHHS.

* MeTo/u po3paxyHKiB OyaiBejb Ta CIOPYI.

e EkcriepiMeHTaNIbHI JOCIKCHHS KOHCTPYKIIIH 11t OyIiBEIb Ta CIIOPY/T
CHELIaILHOTO MPU3HAYCHHS.

e [IpoextyBaHHs OyniBeIh Ta CIIOPY CIICI[IAIbHOTO MPH3HAYCHHS.
 TexaiuHMU# cTaH, PEKOHCTPYKIIiSA Ta MiACHICHHS OYyIiBEIb Ta CIIOPY/I.

» KoMIT'toTepHE MOJICITIOBaHHS KOHCTPYKIIH OY/iBENb i CIOPY CITEI[ialbHOTO
npu3HadeHHs 3a qormomoroto [1K "JITPA-CAIIP"

EKCITIO3UIIHHA TTPOTPAMA

[Tix wac mnpoBeneHHs KoH(epeHHii OakarouuM YYacHHUKaM HaJa€ThCs
MOJKJIMBICTB ISl TIPE3CHTAIll HAyKOBO-TEXHIYHUX PO3POOOK 3 OymiBelb i CIOPY.
CHeLiaIbHOTO MPU3HAYCHHS, HOBITHIX Oy/IiBENbHUX MaTepiaiB Ta BUPOOiB, HAYKOBO-
METOJMYHUX TIpallb Ta PeKJIaMHO-1HPOPMAIIIfHUX APYKOBAHUX MaTepiaib.

IYBJIKAII

3a pe3ympTaTaMu KOH(EpeHIii, KpamiMm poboTam Oyae 3ampOIOHOBAHO
oryOikyBaTy HaykoBi npamni B 12 Bumycky 30ipHuKa HaykoBuX npainpb «byaiBenbHi
koHcTpykiii. Teopis 1 mpakThka».

Jo 30ipHmMKa yBiiiAyTh cTaTTi, o0 OyAyTh TOXaHiI i BiANOBINAIOTH YCIM
BAMOTaM JI0 0()OPMIICHHS, MIiCTSTh HAYKOBY 1 IIPAKTUYHY HOBU3HY.

BinmoBinanbHiCTh 3a 3MICT Ta PEIAKIIIF0 HECE aBTOP CTATTI.
OPIrAHIBALIMHUM KOMITET

Kopanpuyk O.1O. — ronosa (KHYBA)  Illoekieceka B.B. (KHYBA)
Komnsixoa B.M. — 3acTynHHK rojoBu Bexcspeska T.B.(KHYBA)

(KHYBA)
XKypascokuii [1.0. (KHYBA) Kormrennii O.0. (KHYBA)
Bonomyk M.C (KHYBA) Tapan I'.K. (KHYBA)



IAPTHEPU KOH®EPEHIIII

OprKoMiTeT BUCIIOBIIIOE IUPY MOJSKY:




PETJIAMEHT KOH®EPEHIIIT

. Yac
3axing
Jara NMPOBeIeHHS
Peectpanisn 26.04.2023 09:00-10:00

Biawpurrst kongepenuit, ¢ o) 5003 10:00-13:00
MJIeHApHe 3acigaHHs
Cexuin 1
ByniBesbHi KOHCTPYKIIT

26.04.2023 14:00-18:00
Ta TeXHOJIOT i

Cexuis 2
CyuacHi OyaiBesbHi

Marepiann 26.04.2023 14:00-18:00

Cexuist 3
Komn'torepue
MOJe/IIOBAHHSA
KOHCTPYKIiii OyaiBesn i
CIIOPY/ cHeliaibHOr0 27.04.2023 10:00-13:00
NMpPU3HAYEHHS 32
nponomoroio IIK "JITPA-
CAIIP".

TpuBajicTh BUCTYIIB!
[Tnenapsi - 1o 20 xB.
Cexuiini — go 10 xB.

KOHTAKTH

Cexuis 1.

Konsikosa Bipa MapkiBHa
Cexuist 2.
Cexuist 3. Bapa6am Mapis CepriiBua

3 dpinancoBux

IloBkiBchbka BikTopist Bacuaisna
NHUTAHb

e-mail: knubazbk@gmail.com

IMocunanusa

3apeecTpyBaTuch
IlpueanaTucey 10

KoH(epeHuii

IlpueaHaTuCh J10

KoHdepeHii

Ipueanaruchb 10
KoH(epeHuii

067 509-06-05

095 286-39-90

066 460-00-01



POBOYA ITPOT'PAMA KOH®EPEHIIIT

PEECTPALISA YYACHUKIB
https://forms.gle/SbzD52E|KjnJRRbEA

TVIEHAPHE 3ACITAHHSA
Hix’ennarucy 10 kondepeHuii

26 kBiTHs 2023 p.

9:00 — Peecrpaltist y4acHUKIB
10:00 — BiakpuTtsi KOH(EPEHLLil, Iepiie IUIeHapHe 3aciaHHs
13:00 - ITepepsa

1. Biransae cnoBo ['onoBu HaykoBoro xomirery, pekropa KHYBA
npog. Kynikos I1.M.

2. Biranphe cioBo ['oyioBH opraHi3auiiiHOro KOMiTeTy, MpOpeKTopa 3 HayKoBOI poOOTH Ta
inHOBauiiHoro po3sutky KHYBA.
c.u.c. Koganvuyx O 10.

3. Bitanene cnoso IlpesunenTa akagemii OyaiBHUITBA YKpaiHU
npog. Hazapenxo 1.1.

4. Po3poOka 3aKkoHO1aBuOi 0a3u Ta HOPMATUBHOTO 3abe3neueHHs B cepi 000poHH.
npog. Ilnockuit B.O.

5. Konmenuis HaumioHanbHOI Oesmexu Ykpainum «Kpaina-¢opTensa» B paxypci 3axuCTy
KPUTUYHOT iHPPACTPYKTYypH
ooy. Apmem Binux (KHYBA, cmapwuii ogiyep ynpasninns innosayiinux npoekmis Llenmpansho-
20 80EHHO -HAYK06020 ynpasninns I'enepanonozo wma6y 3CY), npogh. Borooumup Kourwopyoa (HY
06oponu Ykpainu, nay. ynpas. innosayitinux npoexmise L{BHY I'enepanvroeo wmaby 3CY)

6. Ilpuknan po3paxyHKy 3aii300€TOHHOI 0ajiKu MOCHJICHOI 30BHIIIHBOI KOMIO3UTHOIO
apMaTypoOIO 3 ByIJICLIEBUX BOJIOKOH
oou. Onexcandp Ianuenxo (KHYBA, TOB CIKA Yxpaina), dou. IOpiiiCooxo ‘HY «/lvsiscora
nonimexnixa»), Eng.,Regional Business Development Manager Zeno DAN? (Sika Europe
Management AG)

7. Bzaemoist 3ariu0IIeHOT iHKSHEPHOT CIIOPY/IM 3 HEOJHOPIIHUM IPYHTOBUM CEPEIOBHUILIEM B YMOBaX
3MIHH ITapaMEeTPiB IPYHTIB Ta HABAHTAXKCHb
npog. Ieop Boiiko, doy. Bikmop Hocenko, ac. Onexcandp Jlumeun (KHYEA)

8. Perspective designs of pipes and pipelines based on basalt fiber
Cand. of Techn. Sciences, Doctor of Eng. Johni Gigineishvili (Ltd , Progressi“ Engineering
Center, Thilisi, Georgia)

9. locnimxenns BBy NasPOs-12H20 Ha moka3HUKH KUCTOTOCTIHKOCTI MiOpHIHUX JTy>KHUX
LIEMEHTIB
acn. Bikmopin 3o3ynuneus (H/IBM, KHYFA),
c.n.c Onexcandp Kosanvuyx (H/JIBM, KHVBA)

10. JIIPA-CAIIP - napiiine nporpamue 3a0e3NedyeHHs 71 aHANi3y KOHCTpYyKUiil OyzniBens Ta
CIIOPY [l CHELiaNbHOTO IPU3HAUCHHS
npogh. Mapia Bapabaw (HAY, TOB «JIIPA CAIIP»)

11. Meroauka OLIHKH CEHCMOCTIHKOCTI OyIiBEJIbHUX KOHCTPYKLIH Ta CIOPYA aTOMHHX
enexrpocranuiii B [IK JIIPA CAIIP
Kano.mexu.nayk , 20106. koncmpykmop FOpiii I'enszepcokuii (TOB «JIIPA I[IPOEKT»), nau.
6i00iny Isan Tpycoe, npos. insicenep Jloooes Iepeywosa (JI1 HAEK EHEPIOATOM)

12. Ouninka CTIKOCTI Ha 3aKpUTHYHI BIUIUBH 3aXHCHOI BorHeBoi cmopyau mo ITK "JIMPA-
CAITP"
Kkano.mexn.Hayk Banepin Makcumenko, nayk.cnigpoo. Muxaitno boswcuncokuil, ym.n.c AHOpiil
Tpuzoposwvkui (/]I1 H/[IFB)



CEKNIA 1
«bByoisenvHi KOHCMPYKYIT ma mexuonozir»

Ipuennaruck 10 KoHdepeHii

26 kBiTHs 2023 p.

14:00 — CexkuiiiHe 3acinanus

1. Leverage of advanced CBFEM and CSFM methods in Structural Engineering practice
MSc., PhD, Product Engineer Jana Kaderova (IDEA StatiCa (Software developer company)
(Brno, Czech Republic)

2. baraTokpurepianbHuil aHANI3 KOHCTPYKTHBHO-TEXHOJIOTIYHUX PillleHb KPUTHX OaceHHIBIIA
IUIABaHHS 3 TOYKH 30py CTaJIOr0 PO3BUTKY
acn. Kaponv Ckioa, npogp. Poman Kinaw (Iipnuuo-memanypeitina axademis im. Cmaniciasa
Cmawiya (m. Kpaxie, [Tonvwa)

3. JIoBroBiuHicTh OETOHHUX KOHCTPYKIIiH 3 KOMIIO3UTHOIO apMaTypOI0
npoe. FOniit Knimos (KHYFA)

4. TlopiBHAJIBHHAN aHAJi3 HANPY)KEHb Ta apMyBaHHS 3a1i300€TOHHUX MOJYJIFHUX CXOBHII 3
IUITaMU OKPUTTS Pi3HOT hopMu
npo¢p. Onexcandp Kypascokuit, acn. MapiaBonowyx. (KHYBA)

5. Hecyui 3a1i300eTOHHI KOHCTPYKIIT SIK OCHOBa 3a0e31eueHHs Kiiimary OyliBenb
Kepignuxk 6i00iny Bonooumup Bpynvxo (IIAT Kuis3H/IEI)

6. O6cTeKeHHsT Ta OLIHKA TEXHIYHOTO cTaHy 3-X MOBEpXOBOi aJMiHICTpaTUBHOT OYiBIIi, IO
OyJia TIOIIKO/PKEHA BHACIIJIOK PAaKEeTHOTO yJapy, 3aBJaHOr0 30pOMHUMM CHIAMHU POCIHChKOT
(beneparii
ooy. Braoucnae Ilexoeyosé (OHAFA), ooy. Onez @ecenxo (KHYFA), oupexmop Onexciii Bopo-
Oin (IT1 «Macwuma66yo-1» (m. Odeca)

7. JlocnipKeHHs BIUTUBY THITYy OPTJIAH/IEMEHTY Ha MIIHICTh IPYHTOOCTOHHUX 3pa3KiB
npogh. Mukona Casuywvkuit, acn. Anacmacis Mucauywvka (II/JABFA)

8. [lapamerpuuHa omnTHMI3alis BUMYIICHHX 4YaCTOT KOJHMBAHHS OOOJOHKH MiHIMAIbHOT
MOBEPXHI Ha KPYTJIOMY KOHTOPI, SIKa CKJIaAA€ThCS 13 ABOX MOXHMIMX EJIIICIB.

Ph.D. 0oy Onexcanop Kowesuii, kand.mexn.nayx, 3ae. kag. Onexcandp Kowesuii (KHYBA)

9. Studies of flexible reinforced concrete columns using optical means
Ph.D., Assoc. Prof. Vadim Griniov, Dr.hab.-ing, Prof.Maciej Dutkiewicz (Politechnika Bydgoska
im. Jana i Jedrzeja Sniadeckich, (Bydgoszcz, Poland).

10. Seismic disign of buildings and structuries in compex relief conditions -the case study
Cand. of Technic. Sc. Doctor of Eng.Prof. Georgian Technical University Johni Gigineishvili, Eng.
Igor Timchenko (Progresi’ Ltd. Engineering Center, Thilisi, Georgia)

11. ExciepyuMeHTalbHI  JIOCHI/DKEHHSI CKJISHUX IUIMT 3 PI3HOI0 KUIBKICTIO INAapiB  sKi
MPALOITh Ha 3TUH
prof., Dr. hab. Bogdan Demchyna (Pasistwowa Wyzsza Szkofa Techniczno-Ekonomiczna im. ks,
Bronisfawa Markiewicza w Jarosfawiu, Polska), acn. Bacununa Ivaa (HY <«Jlbsiscoka
NOAIMExXHIKa»)



12. OntrManbHa BHCOTA CTAICBOT IBOTAaBPOBOT OAJIKH 13 3MIHHOIO IIMPHHOIO MOJIUIB
ooy. Apmem Binuxk, npogh. Cepziii Binuk, ac. JTioéomup /icanoe (KHYBA)

13. Po3zpoOka pexoMeHamii IMIONO MiJABUINEHHS 3aXUCHUX BIACTHBOCTEH CHELIaIbHUX
00’€KTIB Ha OCHOBI MOJIeJTi 3MiHM KOHLIEHTpallii BUOYXOHeOe3euHUX PeuOBUH
kano. mexu. nayk IOpiii Onvwescokuii (HY oboponu Vipainu in. 1. Yepnaxoscokozo), KAHO. MeXH.
nayk, npogh. KOcygacon Yoaiioynnaece (HAY)

14. OnTuManbHe NPOCKTYBaHHS BUMYIICHUX KOJIMBaHb OOOJOHKM MiHIMAJIBHOI MMOBEPXHI 3
MPSMOKYTHHM IUIAHOM, SIKA CKJIQIA€ThCS 3 IBOX MPSAMHUX JIiHIH 1 IBOX MiBKiJL
npod. I'puzopiii Ieanuenxo, ooy. Onexcandp Kowesuii (KHYBA)

15. BruiMB YMHHMKIB Ha MILHICTh KOHTAKTHHHX LIBIB PEMOHTHHX MOBEPXOHb
Kkano.mexn.nayk. Anopian Mazypax, acn. Opecm Ilan, acn. Bimanii Kanvuenxo (JIHYII)

16. Po3poOka creHmy [t ¢i3mdHOrO MozemoBaHHA mponeciB 3D-mpyky OymiBeIbHUX
00'exTiB
acn. Bimaniii I'yces, npogh. Temana Hixigpoposa (ITJABA)

17. HeniniliHuil HOTIMHAY €Heprii K 3aci0 MTaCHBHOTO KOHTPOJIIO BiOparii
npodp. Ilempo Jlizsynoe (KHYBA), npos.nayk. c. Onvea Ilozopenosa, cm. nayk. c. Temana Iocm-
nixosa (HJI 6yoisenvroi mexanixu KHYBA)

18. Amami3 xapaktepy pyWHYBaHHS HEpPO3PI3HHX 3ai300€TOHHUX OAJIOK, IO 3a3HAIOTH Jii
MAaJIOLMKJIOBUX TIOBTOPHUX 1 3HAKO3MIHHUX HABaHTAXKEHb
npogp. Ipuzopii Macwxk (HYBITI), kand. mexu. nayk, inyc. Onexcandp Fwyx (TOB
«Apxioenoma»), maz. Kapina Kysemina (HYBI'TI)

19. JlocnimkeHHs Ta OL[IHKA TEXHIYHOTO cTaHy OyJiBelb i Criopya
ac. €gzenin Hosax (YHY im. FOpis @edvrosuua).

20. TIpobGaemaTrKa po3paxyHKy Ha BTOMY OAIITOBUX KOHCTPYKILiH
cm. eukn. Banepinu Hyscnuii (KHYFA)

21. TIpoekTyBaHHS ONTHMAIBHOTO ApMyBaHHS CTAJIC3aTi300€TOHHUX IUIMTHUX 1 OajKOBHX
CNICMEHTIB MIEPEKPUTTIB IS 3aXMCHUX CIIOPY YKPUTTSI
ooy. Temana Ianincoka, acn. Imumpo Qsciit (HY «Ilonmascora nonimexnixa im. FO. Konopamioxa»)

22. Po3paxyHOK HeCy4oi 34aTHOCTI IUIMT 30ipHOr0o 0€30a1IKOBOr0 MEPEKPUTTSI KIHEeMATHIHUM
crocoboM
npog. Anopiii Ilasnikos, kano.mexu.nayk Onvea Iapvrasa (HY «ITonmascora norimexuixa im.
O.Konopamioka»)

23. OcoOMMBOCTI BiJIHOBJIEHHS 3PYHHOBAaHMX IUIMT TMOKPHUTTIB MPOMHUCIOBUX OyIiBEIb i
CHOPYAMICIsE apTUIIEPIHCHKUX 00CTPiTiB
npogh. Onexcandp Kypascokuit, 3006ysau opyeoeo (mazicmepcoko2o) pisus euwjoi oceimu 3a OI1
«IIpomucnoge i yusinvue 6yoignuymeo» Onexcandp Iosascuiok (KHYBA)

24. Oco0nMBOCTI  3aCTOCYBaHHsS KOMITIOTEPHHX METOJIB IpU PO3paxyHKax Ta miabopi
nepepiziB CKIAJCHAX CTAICBHUX €JIEMEHTIB KOHCTPYKIIi
ooy. Bauecnae Aoamenko, 3000ysau nepuiozo (b6axanragpcoko2o) piens euwoi ocgimu 3a OIT
«IIpomucnose i yusinvre 6yoignuymeso lean Agpmentox (KHYEFA)

25. TIK JIIPA 10. dinpTpanis y 3a1a4ax FeOTEXHIYHOTO IPOCKTYBAHHS
inate. Ipuna Ilepeniuaii, dokm.mexu.nayx Icaax €esepos, inxnc. Bnaoucnae Kupuuox (Ipyna
xomnanii JIIPA)

26. [IpobsemMu  TapMoHi3amii  OyAiBeJBHHX HOPM IIOJO PO3PaxXyHKy KaM’sHUX Ta
apMOKaM SHUX KOHCTPYKIIH
ooy Jleonio Cropyx (KHYFA)

27. TIpoeKTyBaHHs THYTOKJICEHUX IEPEB SHUX KOHCTPYKILH i3 3acTOCYBaHHAM iH(OpMaIiii-
HOT'O MOJICTIOBaHHS
oou. JTroomuna Jlaspinenko, ac. €ezen Lionun (KHYBA)

28. Po3paxyHOK IIMPUHM PO3KPUTTS MHOXWJIMX TPILIMH BY3JIiB HEPO3pI3HMX Oalok 3
apMaTypoIO HAaIPY>KCHOIO Ha OETOH
ooy. Koszak O. (KHYBA)



29. JlocmikeHHsT HEeBH3HAYEHOCTI PO3PaxXyHKOBHUX MOJENEH 3ali300€TOHHUX 3rHHAIBHUX
€JIEMEHTIB
ac.Onexcii [locmepnaxk, ooy. Muxaiino ITocmepnax (KHYBA)

30. J1o OLiHKHM METOJIB PO3PAaXyHKY CTUCHYTHX 3aJ11300€TOHHHUX €JIEMEHTIB
npo¢p. Bonooumup Kpinak, 3000ysau opyzozo (mazicmepcokoeo) piens euwoi oceimu 3a OIT
«[Ipomucnose i yusinore Oyodisnuymeo» Amumpo JKypaecoxuii (KHYBA)

31. BacoOu 3He3apakeHHs, I0HI3aIliT Ta OYMILEHHS MOBITPS Y CXOBHIIAX [[UBIJIBHOIO 3aXHCTY
ooxkm. mexn. nayk Banenmun I'nuea (KHYBA), 0okm. 6ionoz. nayx Bacunw Hazapenko (JV "In-
cmumym meduyunu npayi iveni FO.1. Kynoicea HAMH Ykpainu'), npogp Hamania Bypoeiina (KHYFBA),
Hayk. cniepo6. FOpiii JIeonoe (1Y " Incmumym meduyunu npayi ineni FO.1. Kyndiesa HAMH Vipainu™),

32. lllomo nuTaHHSA MaTePiaTOMICTKOCTI IUIUT IEPEKPUTTS KaPKACHO-MOHOJIITHHUX OyIUHKIB
ooy. JTioomuna Agpanacvesa, maz.Onexcandp Heeax (KHYFA)

33. MeToiuki  poO3paxyHKy MOHOJITHUX 3a/1i300€TOHHMX KOHCTPYKLIH 3 MonepenHiM
HaNpyXCHHSM apMaTypHUX KaHATIB
ooy. /Imumpo Cmopkanos, 3000yeau jnpyroro (Maricrepchkoro) piBHs Buinoi ocsitu 3a OIT
«ITpomucinoBe i uuBinbHe OyaiBHULTBOY, Borooumup Bunoxyp (KHYFA)

34. OcobnuBocTi BUKOpHUCTaHHs MeToly MonTe-Kapiio B 3aj1auax OIiHIOBaHHS HAIIMHOCTI Ta
JIOBrOBIYHOCTI 3aJ11300€TOHHUX KOHCTPYKIIiH, 10 3HAXO/SITHCS B €KCILTyaTawil
ooy. Poman Tumapenxo, doxm.mexn.nayx Poman Xmino (CHY «Jlvsiscora nonimexnixa»)

35. OwiHKa BEJUYMHHM KOHIICHTpALl HAaNpyKeHb MPH MPHUIAIITYBAHHS TOTOBUX IMiJA3EMHUX
BUPOOOK /17151 00'ekTiB MiHiCTEpCcTBa 000POHU
npop. KOcyghcon Yoauoyanace (HAY), kano. mexn. nayx IOpii Onvwescokuit (HY oboponu
Vpainu im. I. Yepnaxoecvkozo)

36. MOKJIMBOCTI IPOrpaMHOro 3a0e3neyeHHs JIsl PO3paxyHKy Ha BOTHECTIHKICTh
0ouy. Onez Wecenxo (KHYBA), cmyo. Japuna Bozau (HYBII)

37. Bepudikaliisi 4ucioBoi MOJETi «OCHOBA — yTPUMYIOYi KOHCTPYKIN» Ha OCHOBI JaHHX
re0Ie3NYHOr0 MOHITOPUHTY
oouy. JTloomuna Bonoapesa, acn. Maxcum Xopounscescokuii (KHYBA)

38. BIUIMB MiHJIMBOCTI KPOKIB apMaTypH y MOHOJITHIN 3a51i300eTOHHIH 000JOHII OanToBoi
TIPOMHUCIIOBOI CLOPYIH
3000ys6au Opyzozo (mazicmepcvkozo) piens euwoi oceimu sa OIl «I[Ipomucnose i yusinohe
6yoisnuymeo», Poman Kypaenvos, ooy. Bipa Konsxoea (KHYFA)

39. OcoOJMBOCTI TEXHIYHOTO OOCTEKEHHSI OYAiBENb 1 CIOPYH, MOLIKOMKEHUX BHACIIIOK
BOEHHHX I
acn. Anmon Cmupnog, acn. Cepeiii bozauenko, kano. mexu. nayk Apmem Coninvuax, xauo.
mexn. nayk, excnepm Anamoniic Tumiok (ITJJABA)

40. EBoJttoliisi TEXHOJIOT1H 30epeeH st KOHCTPYKIIN Ha npukiani podit Banksy B KuiBcbkiit
o0acTi
npodh. I'anna Illnakosa, 0okmop. ekonom. nayk, ooy. Anopiii Illnaxoe (KHYFA)

41. AHaiiz METOJIB PO3paxyHKy OayoK i3 riOpUJIHUM apMyBaHHIM 0a3abTOIIIACTUKOBOIO Ta
METaJIeBOI0 apMAaTypPOIO
npo¢p. Onekcandp Banoeoit, 0oy. Onexcandp Epvomenxo (Kpusopizvkuii nayionanbHuil
yuigepcumem),0okm.gpinocoii Cepeiti Bonkoe (IIAT «ApcenopMimman»)

42. Buau apMyBaHHS 3a1i300€TOHHHX KOHCTPYKIIH 3a TexHoorielo 3D-npyky
ooy. Apmem Coninvusax, acn. Kupuno Cipenox, cm. éuxnadau Ceimnana Cepeoa (I1/[AFA)

43. Po60Ta KOHCTPYKILill 3 BAKOPUCTAHHSAM CIICIIaIbHUX apMAaTypHHUX CUCTEM.
3000y6au Opyzozo (mazicmepcwbkozo) pishs euwoi oceimu sa OI1 «[Ipomucnose i yusinohe OyOieHuU-
ymeo», Maxcum Ilonomapenko (KHYFA), ooy. Bipa Konakosa, 3006ysau nepwoco (6axanasp-
cbK020) pisns euwoi oceéimu 3a OIl «lIpomucnose i yusinerne 6yoienuymeo» anin Bizipenxo
(KHYFBA)



44, BionouKoKEeHHsI - mpobJiemMa Oy IMHKIB 1 CIIOPY/T
ooy. Hamanin Kypascoka, 3000yéau nepwozo (6axanaspcvkoeo) piens euwoi oceimu 3a OIT
«[Ipomucnose i yusinvre oyoisnuymeo» Cepein Jauenko (KHYBA)

45. 3mimaHi MIacTUKOBI BIIXO/IM — BOKJIMBUHN pecypc st Oy liBeIbHOT raimy3i
ooy. Bikmopia Tumox (KHYBA), ooy. Onena Emenvanosa (KHYFBA), 3006yeau nepuiozo
(6axanaepcvrozo) pisna euwoi ocsimu 3a OIl «llpomucnose i yuginbne 6yOiGHUYMEO
Cepeiii Keeazo (KHYBA)

46. KOHCTpYKTHBHI 0COOIMBOCTI BHYTPIITHBO-KBAPTUPHUX YKPHUTTIB
3000ys8auka opyzozco (mazicmepcvkozo) pieHs euwoi oceimu 3a OII «IIpomuciose i yuginbHe
oyoisnuymeo» Aunacmacis Jymuu, doy. Bipa Konsaxosa, 3000ysau nepuiozo (6axanagpcykozo)
piens euwoi oceimu 3a OI1 «[Ipomucnoee i yusinore 6yoienuymeo» qmumpo Tpemax (KHYBA)

47. ExcriepuMeHTalbHI JOCITIUKSHHS BUJTYYEHHS 10HIB Ka/IMIIO 3 IPOMHUCIOBHX CTIYHUX BOJ
oouy. Onexcii Tepnosyes, 0oy. Onena 3ops, acn. Bikmopia Cmoanosa (KHYBA)

48. baraTo(yHKIiOHAIbHI TEXHOJIOTT 3BE/ICHHS MOIYJIbHUX OYANHKIB
3000ysau Opyz020 (mazicmepcvkoeo) piens euwoi oceimu Keokan Anacmacis, 3006ysau opy2o2o
(mazicmepcokoeo) pisns euwoi oceimu Paokoe JTo6omup, oou. Tapac Yeoanoe (KHYBA),

49. Bimnosignicts crinoBux cucrem Knauf AQUAPANEL® wmiHiMalbHUM BHMOTaM JI0
IIPUBEICHOTO ONOpPY TeIUIoNeperayl
oouy. [lap’a Xoxpakosa (KHYBA), ooy. I'anuna Illampina (JOHABA, m. Kpamamopcok)

50. Texnozoris 3BegeHHS (epMepChKUX TEIIUIb
inote Onexcandp Kuanoscoxkuii (TOB «Exo-Tex I'pyn» ( m.Kuig ), indc., 3006y6au opyzozo
(mazicmepcokoeo) pisna euwoi océimu Izop Jlawmenxo (KHYBA, TOB «Exo-Tex [pyn»), ooy.
Tapac Yebanos, ooy. leonio Yeoanos ( KHYFA)

51. PyiiHyBaHHS NOIEPEIHBO HANPYKCHUX 3THHAJIBHUX CIICMEHTIB KapKacy JIOTiCTHYHOIO
LEHTPY 3 XONONWIBHHKOM Yy M. bpoBapm, skuif NOCTpakgaB BHACHIZOK pAaKETHOTO Ta
apTuiepiicbkoro ooctpinis y 6epesni 2022 poky
2on08. iHoic.€zop Jobpoxnon, ooy.Muxona /loopoxnon (KHYBA)

52. Po3Butok Teopii BibpaniiiHux MammH OyaiBenbHOT iHTyCTpil
npodp. Iean Hazapenko, npogp. Onez Jledoe (KHYEA)

53. MonentoBanHst poOOTH  AEPEBOHI3APIOBATOOCTOHHUX  MPOJITHUX KOHCTPYKTUBHUX
€JIEMEHTIB TIi/l HABAHTAXKCHHSIM
oouy. FOpiit ®amynax (JIHYII), npop. bozoan Jemuuna (HY «J/Ibgiscoka nonimexuika»)

54. Brums rabapuTiB QyHEaMEHTHOI IVINTU Ma/IOIIOBEPXOBOrO Gy/MHKY Ha OPMyBaHHSI B Hiil
3yCuib
oouy. Bacunv ITionyuvkuii (KHYBA)

55. HemeraneBa KOMIIO3UTHA 0a3aIbToBa apMaTypa Ta 6azanbToBa (ibpa st apMyBaHHS
OCTOHHMX KOHCTPYKLiil TPAHCIIOPTHHUX CIIOPY
c.H.c., 1eop Babak (411 AHII im. M.I1. Ulyaveina» (m. Kuis)

56. MoMeHTHa cXeMa CKIHYEeHHX €JIEMEHTIB B TCOMETPUYHO Ta (hi3MYHO HEIHIIHUX 3amadax
nehopMyBaHHS BiCECHMETPUYHUX TL1 00CPTaHHS 3 ypaXyBaHHAM KOHTUHYAIbHOTO PyHHYBaHHS
npogp. IOpiit Maxcum’ ok, ookmopanm, lean Mapmuniwk, acn. Onexcandp Makcum’ ok
(KHYBA)

57. 3aranbHi miAX04 10 BU3HAYECHHs eHeprii Ha AedopMyBaHHs MaTepiaity
acn. Bonooumup Crrocap (KHYBA)

58. [TincuiieHHst TPOroHIB IUIIXOM YJIAIITyBaHHS ABOX HPYKHHUX OTIOp
ooy. Onexcanop I'nimin, ac. Cepeiii Padeyvkuit, 3000yéau nepuio2o QakaiaspcoKkozo) pieHs
suwyoi oceimu 3a OII «IIpomucnose i yusinone 6yoienuymeo Inaa JTuctox (KHYFA)
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CEKIIIA 2

«CyuacHni dyoieenvni mamepianu»
Ipuennaruck 10 KoHdepeHmii

26 xBiTHsa 2023 p.

14:00 — Cekuiiine 3aciianHs

1. PimeHHs 3 rigpoisossmii mig3eMHHX OyIiBENPHHX CHOPYZJ BHCOKOTEXHOJIOTTYHUMH
MOJIIMEPHUMHU MaTepiaaaMu
ooy. Onexcandp Ilanuenko (KHYBA, TOB Cika Yipaina), kepienux nanpamxy «liopoizonsyis
Apmem 3axapos, repisnux nanpsimky «Pemonm ma Bionosnenns» Cepeiii Cneuyv (TOB Cika
Vipaina)

2. 3acTocyBaHHS OpraHO-MiHEpPAIFHUX KOMIUICKCHHX N00ABOK Ul 3HIDKCHHS PO3IrpiBy Ta
ycaaku OCTOHY B MACHBHUX KOHCTPYKLISX
ooy. Anamoniii Cinaxin (XHYMT', TOB «Cixa Vkpaina»), doy. Onexcii Kaoyce (XHYMT),

3. I[lepcniekTHBY 3aCTOCYBaHHS JHCIIEPCHOAPMOBAHNX OCTOHIB Y Cy4acHOMY OyIIBHUIITBI
npog. Kamepuna Ilywikapvosa, ooy. Mapuna Kouesux, ooy. Onvea I'onuap, 3000ysau opyzoeo
(macicmepcokoeo) piens euwoi oceimu 3a OIl «Texnonozii 6yodisenvhux KoHCMpYKyii,6eupoois i
mamepianie» Iean Mapuenko (KHYBA)

4. JTocnimkenHst (piOponeMeHTOOCTOHIB s OOMOOCXOBHII 3 OJHOYACHUM BHUKOPUCTAHHSIM
N00aBOK CyNepIuIacTu(iKaTopiB, CTAIEBOI Ta HOJINPOIIICHOBOI MIKpO- Ta Makpohiopu
ooy. Anamoniii Cinaxin (XHYMI im.O.M.Bexemosa,, TOB «Cixa Ykpaina»), Kano. mexu.Hayx,
oupexmop Onexcandp Ilanuenxo (TOB «Cixa Ykpaina»), ooy. Onexciii I'vuax (HY «JIvsiecora
noaimexHika»)

5. JIocnimKeHHsI 3aTHOCTIT€OIOTIMEPIB 10 ayTOreHHOT'O BiJHOBJICHHS
npop Mapuna Cyxanesuu, 3006y6au nepwozo (6akanaspcbkoeo) pigHs Guwoi oceimu 3a
oceimuboio npoepamoro «Ximiuni mexnonozii ma invicenepis», Cogin Maxapenko (KHYBA)

6. [linBuIIeHHS ~CHCLiaNbHUX  BJIACTHBOCTEH  IIUIAKOMOPTIAHALEMEHTHUX  KOMIIO3MIIN
MOH(DIKOBAHHX BiZIXOAaMH CKIISTHOTO OO0
oou. Okcana Beponuk, acn. Cepeiii Buzoscokuit (KHYFBA), sacnosnux Onexcii Jlapuenxo (TOB
«I'pano Bemon»)

7.BmumB  momiMepHoi 1o0aBKM Ha MOpQOIOTiI0 KpHCTAmiB Ta (i3UKO-MEXaHi4HI
BIIACTUBOCTIMTIIPATy KaJbIIifO.
ooy. Jlinia Kywneposa, ooy.Onvea I'onuap, ooy Mapuna Kouesux (KHYFA), ooy. /Imumpo
Anonko (KHYBA)

8. Bukopucranus HaHOMOAN(DIKOBAHUX LIEMEHTHUX KOMITO3MLIH /U1l aJUTUBHUX TEXHOJIOTIH
OyiBHHIITBA
npogh. Mapuna Cyxanesuu, acn. Bonooumup Yaxoan (KHYBA)

9. Borresaxuct TepMivHOMOM(BIKOBAHOI AEPEBUHH IHTYMECLIEHTHIM IOKPUTTSIM.
oou. Onvza Bonoapenko (KHYBA), npog. FOpii Llanko (HYBIII),00u. Onexciii Llanko, 3006ysau
nepwozo  (bakanaspcvkoeo) piens  euwoi  ocsimu 3a  OIl  «Texnonoeii  OyoieenvHux
KoHempyKyii,eupobie i mamepianie» iana Kepeouyk (KHYBA)
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CEKIIIA 3

«Komn'tomeprne mooentosanns KOHCmMPyKyil dyodieens i cnopyo cneuianbHozo
npusnauenus 3a oonomozoro IIK ""JIIPA-CAIIP'»
Hpuennaruch 10 KoHpepeHuii

27 xBiTHsa 2023 p.

10:00 — 15.00 — CexkuiiitHe 3acimanss

1. JIIPA-CAITIP - naniiine mporpamHe 3a0e3redeHHs sl aHali3y KOHCTPYKILH OyaiBens Ta
CIIOPY/ CIIELiadbHOTO TIPU3HAYCHHS
npodp. Mapin Bapabaw (HAY, TOB «JIIPA CAIIP»)

2. Merouka OI[HKA CEHCMOCTIHKOCTI OyIiBeIbHUX KOHCTPYKLIH Ta CIOPYA aTOMHHX
enextpocranuiii B [IK JIIPA CAIIP
Kano.mexu.nayx , 20106. koncmpykmop IOpiii Tensepcokuii TOB «JIIPA ITPOEKTY), nau.
6iooiny Iean Tpycos, npos. inocenep Jloooe Iepsywosa ({11 HAEK EHEPI'OATOM)

3. Inrerpanis po3paxyHkoBHX Mozeneii 3a fomomororo 1K JITIPA-CATIP
mexn. oupexmop Onexcii JKypasnvoe (TOB JIIPA-CAIIP)

4. OuiHka cTIMKOCTI Ha 3aKPUTHYHI BIUIMBH 3aXMCHOI BorHesoi cropyaum mo [IK "JIMPA-
CAIIP"
Kano.mexu.nayk Banepiii Makcumenko, kano.mexu.nayk Bnaoucnae Bacancokuii ({11 H/IFB),
m.n.c Anopii I'puzoposvxuii (J]I1 H/[IBB),

5. Hosi mosxiuBocri cucremu Ipynr y JIIPA-CATIP 2022
Kkano.mexn.nayk Onvea bawuncoka (TOB JIIPA-CAIIP)

6. BusHaueHHS 3MiHU TEPMOHAIPY>KEHOT0 cTaHy craneBux O0anok B [TK «JIIPA-CAIIP»
acn. Onexcitt Bawuncokuit (KHYBA, TOB JIIPA-CAIIP)

7. OcoOmuBOCTI pO3paxyHKy MIIIHOCTI HOPMAIbHHX HEpepi3iB I03aleHTPOBO-CTUCHYTUX
3a11i300€TOHHHX €JIEMEHTIB 32 METOJOM Byza B HoBoMy anropurmi «Bym+»
Kkano. mexu. nayk €ezen [Imumpenxo (HYbBII1, TOB JIIPA-CAIIP)

8. MojenmoBaHHs MPOIECiB TEIUTONMPOBiAHOCTI 3a gomomoroto [TK JITPA-CATIP
kanod. mexu. nayk Mapuna Pomawxina (TOB «JIIPA CAIIP»)

9. BusHaueHHsI 3HAYCHHS TPAHUYHOI CEHCMOCTIHKOCTI /ISt Oy IIBEIbHUX KOHCTPYKIIIN
aromuux cranuii B ITK JIIPA-CATIP
npos. inscenep Jlwoooe Ilepeywmosa (BII «Haykoso-mexuiunuii yenmp» JII HAEK
«Enepeoamom»)

10. BusHauyeHHA OBEPXOBUX CIIEKTPIB BiAryKy Oy/iiBeb aTOMHUX CTaHIIil 3 BUKOPUCTAHHAM
npAMoro guHamivnoro merony B IIK JIIPA-CAIIP
HauanvHux 6i00iny ouinku ceticmocmitikocmi Iean Tpycoe (BII «Haykogo-mexHiunuil
uenmp» JII1 HAEK «Enepeoamom»)
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TE3U JOIOBIJIEM
CEKIIA 1

«Bbyoisenvni KoHcmpyKyii ma mexHon02ii»
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Po3podka 3axoH01aB4Y0l 6231 Ta HOPMATUBHOIO 3a0e3neyeHHs B cepi 06opoHn

Bimaniit Ilnockuii, 0-p mexn. nayx, npog, xepienux Llenmpy oboponnux npoepam KHYFA,
eonosa TK320 «006’ ekmu cneyianbho2o npusHauenns,
http://orcid.org/0000-0002-2632-8085

Kuiscokuil nayionansnuil ynieepcumem 6yoisnuymea i apximexmypu (m. Kuig)

CrBopenus Llentpy obGoponnux mporpam y KHYBA mae Ha Meti iHTerpamiro HayKOBHX,
OCBITHIX Ta MPOEKTHUX pO3poOOK y rairy3i 000poHH Ta BiAHOBICHHs YKpaiHu. [I0MoBiIb BUCBITIIIOE
JBa IPOEKTU 3 HOPMATUBHO-TIPABOBOT'O HAIPSIMKY AisibHOCTI LieHTpy.

1. OmHuM 3 KJIIOYOBHX CJICMEHTIB CTpaTerii BinOynoBH YKpaiHH € BiXHOBICHHS IOPYLICHOT
iHppacTpykTypu Ta OyAiBHHLTBO HOBUX 00’€KTiB OOOPOHHOrO KOMIUIEKCY, IO MOTpedye
CTBOPEHHS BiIIOBIIHUX OpraHi3alilfHO-TEXHIYHUX CTPYKTYp y ckiajgi MiHicTepcTBa 000pOHH Ta
3CV.

OpranizaniifHoOl0 0CHOBOIO Npo(ecifHOro BHUPILNICHHS BKA3aHOI MPOOIEMH € CTBOPCHHS
BilicbKOBO-OyAiBeIbHHX Minpo3niiB — [lepxaBHoi ciyx6u crieniansHoro OyxmiBaunrsa - JICCh, y
BIJIMOBITHOCTI JI0 Cy4YacHMX YKpPAlHCBKMX peajliif, 3 BpaxyBaHHSM CBITOBOI'O JIOCBily Ta 3a
norpumanHs craHmapTis HATO. V KuiBcbkoMy HamiOHAaJIbHOMY YHIBEPCHTETi OyIiBHHLTBA Ta
apxitektypu crinbHo 3 Komitetom BepxoBnoi Pamu Ykpainum 3 muTaHe oprasizamii jaep:kaHoOi
BJIaJM, MICLEBOrO CaMOBPSAYBAaHHS, PETiOHAJIBHOIO PO3BUTKY Ta MiCTOOYIyBaHHSI CTBOPEHO
pobouy rpyiy, sika onparoBaia npoekt 3akoHy Ykpainu «IIpo JlepkaBHy cityx0y creniaabHOro
OyMiBHMLITBa», 110 PEIrJIAMEHTYE CTBOPEHHS Ta IisIbHICTh BKazaHol ciyxOu. [Ipoekt nepenano 1o
BepxoBHoi pagu Ykpainu.

OcHoBHIMH akiieHTamMu y [IpoexTi 3akony €:

- CTBOPEHHS (JaKTHYHO HOBOT'O PUHKY Ipalli, KpUTHYHO HeoOXiaHoro micist [lepemoru Hax pocieto
Ta AemMo0ii3amii 3aXUCHUKIB YKpaiHy,;

- IIpsIME MANOPSAKYBaHHS OyiBenbHOT cTpykTypH kepiBHULTBY MO Ykpainu ta 3CY 3 noBHOIO
BIATIOBINANIBHICTIO 332 CTPOKM Ta SKICTh BUKOHAHHA DPOOIT; 3a0e3MedeHHS HEOOXITHOTO PEeXUMY
CEKPETHOCTI MPOEKTYBaHHS Ta 3Be/ICHHS 00’ €KTIiB Oy [IBHUIITBA;

- YTBOPEHHSI €JMHOI OpraHi3auiiHol BEPTHKal «3aMOBHHMK — NPOEKTYBAJIbHHK — BHUKOHABEIIbY,
CKOPOYEHHS TePMiHIB IIPOCKTYBaHHS Ta Oy IiBHULTBA,

- BIIOPS/IKOBAHICT Ta IOBHUH KOHTPOJb pexuMy (iHaHCyBaHHS, poOOTa 3a YITKUMH
JIEpXKAaBHUMU pPO3LIHKAMH, 9HUM 3a0e3leuyeThcss €KOHOMIYHa e(eKTHBHICTh OyIiBHHITBA Ta
YHHKHEHHS KOPYIIIHHOI CKJ1aI0BOT;

- MOJJIMBICT TNPOXO/DKEHHS Yy OyJAiBeNIbHUX MIiAPO3AiTax — albTePHATHBHOI  CIIyXKOH,
PaLiOHANBHICTS IIPH BU3HAYCHHI MicCLb CITy>kOHM Ui KBamipikoBaHHX (axiBLiB 3a IPU30BOM abo
KOHTPAKTOM TOLIO

- MOJIMBICTH Oprasizauii (axoBol MiIrOTOBKHM CIELIACTIB y Cy4yaCHOMY HayKOBO-OCBITHBOMY LEHTPI,
10 GopMyeThCst Ha 0a3i MPOBIHOIO APXITEKTYPHO-Oy IIBEIBHOIO BHUILY YKpaiHU.

Binnosinzo 1o Bumor OG0pOHHOTO MacHopTy YKpaiHu y HOBOCTBOproBaHii ctpykrypi JJCCh
nepebdadeHo PO3NOALT FeHEPAaTHBHOI Ta BUKOHABYOI (QYHKIIH, Iepiia 3 SKuxX MokiaageHa Ha MOY
y ¢dopmi enuHOi cay’)kOM 3aMOBHHMKA, IPOEKTHOIO Ta OCBITHBO-HAYKOBOI'O KJIACTEPIB, a Apyra sik
KOMIUICKC TEHITIAPSITHUX OpraHi3aliii CTBOPIOETHCS B CKIIaAl Mipo3aiiiB TepuropianbHOi 000poHI
3CVY. B renepimHiii yac BiOyBaeThCs MyOJiyHE OOrOBOPEHHS Ta HaJaHHS MIATPUMKHU JaHOTO
MPOEKTy 3 OOKYy 3aliKaBICHUX yCTaHOB Ta OpraHi3amiif, 30xpema, MiHicTepcTBa OCBITH 1 HayKu
VYkpainu, ['enepanboro mrady 3CY, xomangyBanus Cun TPO 3CY, LleHTpanbHOro nMpoeKTHOro
IHCTUTYTY Ta IpoQUIbHKUX OyaiBenbHUX ynpasiinb MO Ykpainu.

2. Poboyoro rpynoro daxiBuiB kadpenpu apxitekrypHux koHctpykuii KHYBA ta TK 320 na
3amMoBieHHA MO VYkpaiHu cTBOPIOIOThCS BinoMui HOpMU 3 NPOEKTYBAaHHS 3aXMCHHUX CHODPYI JUIS
30epiraHHsa OoempunaciB. HopMu CTBOPIOIOTBCS SIK BJOCKOHAJICHHS BINOBIAHMX HOPMAaTHBHHUX
nokymentiB CLIA i nepen6a4aroTs po3poOKy €IMHOI METONOIOTIYHOI OCHOBH Ta T€OMETPHYHOTO
anapaty Juist popMyBaHHS yHi()IKOBAHOTO PO3PaXyHKOBOTO SIPA TOKYMEHTY.
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Development of legislative framework and regulatory support in the field of defense

Vitalii Ploskyi, D-r of Techn. Scien., Prof., Head of the Center for Defense Programs of KNUCA,
Head of TC320 "Special Purpose Facilities”, http://orcid.org/0000-0002-2632-8085

Kyiv National University of Construction and Architecture (Kyiv)

The creation of the Center for Defense Programs at KNUCA is aim to integrate scientific,
educational and project developments in the field of defense and restoration of Ukraine. The report
highlights two projects related to the legislative direction of the Centre’s activity.

1. One of the key elements of Ukraine's reconstruction strategy is the restoration of broken
infrastructure and the construction of new defense objects, which requires the creation of
appropriate organizational and technical structures within the Ministry of Defense (MDU) and the
Armed Forces of Ukraine. The organizational basis for the professional solution of this problem is
the creation of military-construction units - the State Service for Special Construction - SSSC, in
accordance with modern Ukrainian realities and taking into account world experience and
compliance with NATO standards. A working group created at the Kyiv National University of
Construction and Architecture, together with the Committee of the Verkhovna Rada of Ukraine on
the Organization of State Power, Local Self-Government, Regional Development and Urban
Planning. The goal of group is to work out the draft Law of Ukraine "On the State Service for
Special Construction”, which regulates the creation and activities of this service. The project of the
Law submitted to the Verkhovna Rada of Ukraine.

The main accents in the Draft Law are:

- Creation of a virtually new labor market, which is critically necessary after the victory over
Russia and the demobilization of Ukraine's defenders;

- Direct subordination of the construction structure to the leadership of the Ministry of Defense of
Ukraine and the Armed Forces of Ukraine with full responsibility for the timing and quality of
work; ensuring the necessary secrecy regime for the design and construction of construction
objects;

- Formation of a single organizational vertical "customer — designer — performer", reduction of
design and construction time;

- Orderliness and full control of the financing regime; work at clear state rates, which ensures the
economic efficiency of construction and avoidance of corruption;

- The possibility of passing in the construction units of alternative service, rationality in
determining the places of service for qualified specialists by conscription or contract, etc.

- The possibility of organizing professional training of specialists in a modern scientific and
educational center, which formed based on the leading architectural and construction university of
Ukraine.

In accordance with the requirements of the Defense Passport of Ukraine, the newly created
structure of the SSSC provides for the division of generative and executive functions. The first
assigned to the Ministry of Defense in the form of a United Customer Service, Project and
Educational & Scientific Clusters, and the second as a complex of General Contracting
Organizations is created as part of the units of the Territorial Defense of the Armed Forces of
Ukraine. Currently there is a public discussion and support for this Project by interested institutions
and organizations are in progress. There are the General Staff of the Armed Forces of Ukraine, the
Command of the TRO Forces of the Armed Forces of Ukraine, the Ministry of Education and
Science of Ukraine, the Central Design Institute and specialized construction departments of the
MDU.

2. The working group of specialists of the Department of Architectural Structures of KNUCA
and TC 320 at the request of the MDU creates Departmental norms for the design of protective
structures for the storage of ammunition. The norms created as an improvement of the relevant US
regulations. In national version norms provide for the development of a single methodological
basis and geometric apparatus for the formation of a unified design core of the document.
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Konuenuis HanionanbHoi 0e3nexn Ykpainu «Kpaina-gopreus» B pakypci
3aXHCTYy KPUTHYHOI iHppacTpyKTYpH

Apmem Binuxk, kano. mexu. nayx ,00y., kagh. Memanesux i depeg sinux koncmpykyit, KHYBA,
cmapuuii oghiyep ynpasainma innosayitinux npoexmis Llenmpanvnozo 60€HHO-HAYKOBO20

ynpasninns Ienepanvroeo wmaby 3CY, https://orcid.org/0000-0003-0160-7325
Bonooumup Kouropyéa, 0okm. mexu. nayx, npogh., 3aciyscenuti 6unaxionux Yrpainu, HY

oboponu Yrpainu, nauanehuk ynpaguinus innosayitinux npoexmie Llenmpansnoeo 60enno-
nayxoeozo ynpasuinus I'enepansnoeo wma6y 3CY, https://orcid.org/0000-0001-6565-9576

Ilepemora Yxpainu y BiiiHI 03Ha4ae He TUIBKM IOBEPHEHHS YCIX TEPHUTOPill, a HacamIepexn
NOCSTHCHHS TapUTeTy y O30pOEHHSAX 1 HemepepBHOCTI y cucTeMax 3axucty [2]. Ham crmig
BiAOyayBaTu i mepeOyayBaTd KpaiHy Tak, II00M MaKCUMalbHO 30epiraTv KiIo4oBi (GyHKIIT B
yYMOBax MEPMaHCHTHUX BIiIICBKOBHX 3arpo3 — K NPAMOTO BTOPTHEHHS, TaK 1 OMOCEPEIKOBAHUX:
paKeTHUX yjAapiB, TEPaKTiB, AWBEpCiid, KiOepHETHYHHMX Ta iH(OpPMALiIWHUX aTaK Tommo. Taki
BUKJIMKMA BUMAraioThb acHMCETPUYHMX BIiIIOBiICH, JTOBOCTPOKOBHX Bi3iifi 1 mporpam Ha piBHI
nepkaBu.BOavaerses, 1m0 nodynoBa e(exkTHBHOI 00OpOHHOI JeMOKparii B OHOBIEHIH YKpaiHi
MMOBMHHA MaTH OCHOBHUMH Tpu HanpsiMku: 3axucr, ExonomiunicTh, ExosoriunicTs.«Kpaina-
(¢oprensi» — KOHIENIIS, 3aIPOIOHOBaHA aBTOPAMH, IIOKIMKaHA 3a0C3MCUMTH IHTErpaIbHUH
3aXUCTTEPUTOPil, O0O0’€KTiB, TpOMagsH Ta MiACUCTEM. 3aXUCT Tmependavyae 3axMIIEHICTh
HAIlIOHAJILHUX 1HTEPECIB, IpoMaji, CHUIBHOT, TPOMaJAsSHHHA TOLIO. B MpakTH4YHIA TUIOMIKHI 1ie
O3Ha4ae Hacammepe] YKPHUTTs 00’ekrtiB kputuuHoi inppactpykrypu (OKI), muBimbHmit 3axucr,
CTIHKICTh CHUCTEM JKHTTE€3a0e3ICUCHHs, OE3NeKy MiChKOTO CEepe/OBUIa TOMIO. Y YacTHHI
IFDKEHEpPHOTO 3aXMCTy KOHICMIIiero Tependadeno Hacammepen 3axuct OKI. 3rigro [1], OKI
BifHOCATBCs 10 cnopyn kiacy HacniakiB CC3. Takoxx OKI marore kaTeropii KpUTHYHOCTI3IITHO
[3]. B Toii ke yac, koxxen OKI siBlisie KOMIUIEKC €IEMEHTIB, 06’ €IHAHUX 3a0e3MeUCHHAMEINHOTO
¢byHKLiOHAMy, 1 CKIAZae€Tbest 3 YCTaTKyBaHHA Ta CIOPYXA, SKi MAlOThb pI3Hy CTYyIHiHb
BinoBigaabHOCTI. CTBEpAKEeHO TPU eTanu peasizauii konuenuii: 1) Cropy/KeHHS THMYACOBHX
3aXHCHUX CIOPY. JJIs TIEPBHHHOTO, 4acTkoBoro ykpurts einementis OKI (i3 raGiowis, 6irGeris,
MILIKIB, 3a7i300€TOHHUX 30IpHUX EJeMEHTIB Tomio). Taki CIopyad MarwTh HPOTHOCKOIKOBE
NPU3HAYCHHST [IPH BIIy4YaHH] BIIOMHX paKkeT IPOTHBHUKA Ha Bigyaii 15M; 2)ByMiBHHITBO YKPUTTIB
THUITYy «ILIENTEp» 13 30BHIIIHIM 3aXMCHUM EKPaHOM,SIKUIBUTPUMY€E npsiMi BiaydanHs brJIA tumy
«Iaxin-136», Ta BHYTPIMIHBOT 3aXMCHOI OOOJIOHKH, sIKA 3aXHMIIAE BiJl yJapHOI XBHJII Ta yJaMKiB
npu BuOycibrJIA Ha expaHi,a TAKOX BiJ] BlIy94aHb pakeT MpOTHBHHUKA Ha Bigmami 15m; 3) Iixzemua
ypOanizauis kmovoBux eaeMeHnTiB OKI, sika nmokivkaHa 3aXMCTUTH BiJl IPSIMOrO BIIyYaHHS PakeT i
BriJIA nporuBHuka. [l BnpoBapkeHHs KoHuenuii «KpaiHa-¢oprerns» Bxe 3IIHCHEHO psiI
3aX0[iB,30KpeMa Po3po0ICHO METOANYHI peKOMEHAANI] 13 mpoeKkTyBaHH: (isuuHoro 3axucty OKI;
31ilicHIOETbCS HaBYaHHS B YKpaiHi Ta 32 KOPAOHOM; BEIEThCS HAyKOBO-TEXHIUHMH CYIpPOBiJ
IIIJIOTHUX MPOEKTIB.

1. IBH B.1.2-14:2018 Cucrema 3a6e3neyeHns HaiiiHOCTi Ta 6e3rexy Oy/IiBebHUX 00’ €KTiB.3arabHi MPUHIHITH

2. Banepiii 3amyxuuit, Muxaiino 3abposcekuii Ileperiekrisu 3a6e3neuenns Boennoi kammanii 2023 poky:
ykpaincskuii norasy/ YKPIHOOPM, 07.09.2022. Pexum goctyiy: https://www.ukrinform.ua/rubric-
ato/3566162-ak-zabezpeciti-voennu-kampaniu-u-2023-roci-ukrainskij-poglad.html

3. 3akon Ykpainu «IIpo kputnuny indpactpykrypy» Big 16.11.2021 Pesxnum mocrymy:
https://zakon.rada.gov.ua/laws/show/1882-20#Text

4. J.Nagel, J.Schanzer. Assessinglsrael’sironDomeMissileDefenseSystem / FDD, November 13, 2019
https://www.fdd.org/analysis/memos/2019/11/13/assessing-israels-iron-dome-missile-defense-system
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The concept of national security of Ukraine ""Fortress country"
From the perspective of critical infrastructure protection

Artem Bilyk, cand., oftechn. sc., ass.prof., faculty of metal and timber structures, KNUBA,
senior officer of the Dep. of Innovative Projects of the Central Military Scient. Dep. of the
General Staff of the AFU, https://orcid.org/0000-0003-0160-7325

Volodymyr Kotsyruba, dr. of techn. sc., prof., honored inventor of Ukraine, National
University of Defense of Ukraine, Head of the Dep. of Innovative Projects of the Central
Military and Scient. Dep. of the General Staff of the AFU, https://orcid.org/0000-0001-6565-
9576

Ukraine's victory in the war means not only the return of all territories, but primarily the
achievement of parity in armaments and continuity in defense systems [2]. We should rebuild and
rebuild the country in such a way as to preserve key functions as much as possible in the face of
permanent military threats - both direct invasion and indirect: missile attacks, terrorist attacks,
sabotage, cyber and information attacks, etc. Such challenges require asymmetric responses, long-
term visions and programs at the state level. It is considered that the construction of an effective
defensive democracy in the renewed Ukraine should have three main directions: Defense,
Economy, and Ecology. ""Fortress country''- is a concept proposed by the authors, developed to
ensure integral protection of the territory, objects, citizens and subsystems. Protection involves the
protection of national interests, communities, communities, citizens, etc. In practical terms, this
means, first of all, the protection of critical national infrastructure (CNI) object, civil protection, the
stability of life support systems, the safety of the urban environment, etc. In terms of engineering
protection, the concept envisages first of all the protection of CNI objects. According to [1], CNI
objects belong to the structures of the class of consequences CC3. Also, CNI objects have
categories of criticality according to [3]. At the same time, each CNI object represents a complex of
elements united by the provision of a single functionality, and consists of equipment and facilities
that have different degrees of responsibility. Three stages of the implementation of the concept have
been approved: 1) Construction of temporary protective structures for the primary, partial shelter of
elements of the CNI object (made of gabions, big bags, sand bags, reinforced concrete prefabricated
elements, etc.). Such structures have an anti-fragmentation purpose when hitting by the known
enemy missiles at a distance of 15 m; 2) Construction of protective facilities of the "shelter" or a
"dome" type with an external predetonation screen that can withstand direct hits by UASs of the
"Shahed-136" type, and an internal protective shell that protects against the shock wave and debris
from the explosion of UAVs on the screen, as well as from the hits of enemy missiles on 15 m
away; 3) Underground urbanization of key elements of the CNI object, which is designed to protect
it against a direct hits of enemy missiles and UASs. To implement the "Fortress Country" concept, a
number of measures have already been taken, in particular, methodological recommendations have
been developed for the design of the physical protection of the OKI; training is carried out in
Ukraine and abroad; scientific and technical support of pilot projects is conducted.

1. V.1.2-14:2018 System for ensuring the reliabilityand safety of construction objects. General principles

2. ValeryZaluzhnyi, MykhailoZabrodskyi. Prospects fo rensuring the military campaign of 2023: theUkrainianview/
UKRINFORM, 09/07/2022. Access mode: https://www.ukrinform.ua/rubric-ato/3566162-ak-zabezpeciti-voennu-
kampaniu-u-2023-roci-ukrainskij-poglad.html

3.Law of Ukraine "On Critical Infrastructure” dated November 16, 2021 Access mode:
https://zakon.rada.gov.ua/laws/show/1882-20#Text

4. J.Nagel, J.Schanzer. Assessing Israel’s Iron Dome Missile Defense System / FDD, November 13, 2019
https://www.fdd.org/analysis/memos/2019/11/13/assessing-israels-iron-dome-missile-defense-system
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Kuiscoruil nayionaneruti yrieepcumem 0yoisnuymea i apximexmypu (m. Kuie)

Mera [OOCHUKCHHS — BHUKOHATHPO3PAXyHOK HANpyXKEHb Ta apMyBaHHA pI3HHX THIIB
MOJIYJIBHUX CXOBHII: 3 IUIOCKMM, apOYHUM Ta KYIOJIbHUM HOKPHTTSM, IO 3aHYPeHi y IDYHT Ha

rbuny 1 Ta 2 MeTpH, Ta NpoaHati3yBaTH pe3yIbTaTh PO3PAXyHKY.
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Puc.3.Po3paxyHkoBa cxema
CXOBHIIIA 3 KYIIOJIbHUM
TIOKPUTTAM
MonynbHi CXOBHIA 3alPOEKTOBaHI y po3paxyHkoBomy kommiekci JIIPA CAIIP 2017,
3aJaHO TPU BHAM HABAaHTAXEHb 1 c(HOPMOBaHI PO3PAXyHKOBI CIIOTYy4YEHHS HABAHTAKEHB. Bil
BJIACHOI BarW, CHIroBe HaBaHTaXeHHS Ui M. KuiB Ta BarurpyHry, ToBmuHoro 1 i 2 merpu.
XapakTepuCTHKH KOHCTPYKIIH: IPYHT OCHOBM — IUIACTHYHHUI CYyTrJIMHOK,Kiac Oerony C20/25,
apmarypa kiacy AS00C, ToBuHa criH, ¢yHmameHTHOi TMTH 1 mokpurtss -200 MM, Kiac
BiAmoBiqanbHOCTI cnopyau — CCL.

Puc.2. Po3paxyHkoBa cxema
CXOBHIIA 3 APOYHUM HOKPUTTSIM

Puc.1.Po3paxyHkoBa cxema
CXOBHIIIA 3 TUIOCKMM HOKPHUTTSIM

Tabmums 1
Tun Mmax -1 M, Mmax - 2 M, Nmax -1 M, Nmax - 2 M, Asmax — 1 M, Asmax — 2M,

MOKPHUTTS kHwm kHwm kH/m kH/m em?m em?m

IMnocka | My=-10,7 |My=+19,2 | Ny=-1171 | Ny = - 1,41 3,92
1672

Apouna | My=+105 | My=+209 |Ny=-1213 | Ny = - 2,52 3,92
1742

Kynonena | My=-428 | My=-7,76 | Ny=-602 Ny = - 1,41 2,52
1151

3a pesysbTaTaMu po3paxyHKy, HailbinblI eeKTHBHO € KOHCTPYKIIisl CXOBHUILA 3 KYIOJIBHUM

MIOKPHUTTSIM, Pe3yJIbTATH MAaKCHMAaJIbHUX HAIPYKeHb Ta apMyBaHHs HaBeaeHo B Tabu.l. 3rigmo [1,
2]npuiimaemo ocHoBHY ciTkyapmyBanuas @8A500C 3 kpokom 200MM, a 30Hax jae HEOOXiZHO

migcunenns @10A500C 3 kpokom 200 mm.

1.JJBH B.2.6-98:2009. Koncrpykuii OyauHkiB i crmopyxa. Beronni Ta 3amizo0ertonHi koHcTpykuil. OCHOBHI

TIOJIOKECHHA.
2.JICTY b B.2.6-156:2010. Konctpykuii OyauHKiB i criopy. betonHi Ta 3a/i300eTOHHI KOHCTPYKIIii 3 BaXKKOTO

Gerony. [TpaBuita mpoeKTyBaHHsL.
3. IBH B.2.2-5-97. Bynunk# i criopyai. 3aXUCHI CHOPY/AU LUBIILHOTO 3aXUCTY.
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Comparative analysis of stresses and reinforcement of reinforced concrete
modular warehouses with cover plates of different shapes

Oleksandr. Zhuravskiy, doctor of technical sciences, professor, head of the Department of
Reinforced Concrete and Stone Structures, https://orcid.org/0000-0001-7065-3312
Mariya.Voloshchuk, postgraduate of the Department of Reinforced Concrete and
StoneStructures, https://orcid.org/0009-0008-3907-6965

Kyiv National University of Construction and Architecture

The purpose of the study is to calculate the stresses and reinforcement of various types of
modular warehouses: with flat, arched and domed roofs, immersed in the ground to a depth of 1 and
2 meters, and to analyze the results of the calculation.

Fig. 2. Calculation scheme of the
vault with an arched covering

Fig. 3. Calculation diagram of a
vault with a dome cover

Fig. 1. Calculation diagram of a
storage facility with a flat surface

Modular storage facilities are designed in the calculation complex LIRA SAPR 2017, three
types of loads are specified and calculated combinations of loads are formed: from own weight,
snow load for the city of Kyiv and the weight of soil, 1 and 2 meters thick. Construction
characteristics: base soil - plastic loam, concrete class C20/25, reinforcement class A500C,
thickness of walls, foundation slab and coating - 200 mm, construction responsibility class - CC1.

Table 1
Type of Mmax -1 m, Mmax - 2 m, Nmax -1m, Nmax - 2 m, Asmax — 1 Asmax —
coverage kNm kNm kN/m kN/m m, sm¥m | 2m, sm¥m
Flat My =-10,7 My =+19,2 | Ny=-1171 | Ny =-1672 1,41 3,92
Arched My=+10,5 | My=+20,9 | Ny=-1213 | Ny=-1742 2,52 3,92
Dome My =-4,28 My =-7,76 Ny =-602 Ny =-1151 1,41 2,52

According to the results of the calculation, the structure of the vault with a dome coating is
the most effective, the results of the maximum stresses and reinforcement are shown in Table 1.
According to [1, 2], we accept the main reinforcement mesh @8A500C with a step of 200 mm, and
in the areas where reinforcement is needed @10A500C with a step of 200 mm.

1. DBN V.2.6-98:2009. Structures of buildings and structures. Concrete and reinforced concrete structures.
Substantive provisions.
2. DSTU B V.2.6-156:2010. Structures of buildings and structures. Concrete and reinforced concrete structures
made of heavy concrete. Design rules.
3. DBN V.2.2-5-97. Buildings and structures. Protective structures of civil protection.
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Kuiscoruil HayionaneHuil yrisepcumem 6yoisnuymea i apximexmypu (m. Kuie)

Meroro aHoi poOOTH € OI[iHKa B3a€MOJii €JIEMEHTIB CHCTEMH “IPyHTOBE CEpPEIOBHILE -
3arnubiieHa cropya” B yMOBAaX 3MiHI )KOPCTKOCTI KOHCTPYKIIT Ta MpH 3MiHI napameTpiB IPyHTIB.
JlocmimKeHHsT BUKOHAHI SIK 3 JIOTOMOTO0 METONKH YHCIIOBOTO MOJICIIOBAHHS TaK i 3 MPOBEICHHIM
MOJTOBHX BHITPOOYBaHb €JIEMEHTIB CIIOPYAU LIUKIIYHUMHI HABAHTA)KCHUM.

Kotexrop

ﬁ,%cm

e macistoein; (0760 |

H E=32...37 MIla
v t:
Puc.1- Po3paxyHKoBa MOJelnb CHCTeMH “IpyHTOBa Puc.2- Po3paxyHKOBIBEIMUMHUHEPIBHOMIPHUX
OCHOBa — 3aryu0JieHa imkeHepHa cropyaa” OCiZIaHb CHOPYIM NP Pi3Kiii 3MiHH IPYHTOBHX
yMOB

B MicTax CHOpYIKYIOTBCS KOJICKTOPH BEJIMKOTO AiaMeTpy, IIO SIBISIOTH COOOK MiJI3eMHI
TYHeJi IIPU3HAYEHI JUIl TPAHCIIOPTYBAaHHs NOOYTOBUX CTOKIB 10 Micus iX ouumieHHs. Taki TyHeuni
MalOTh  JOBKHHY JEKiIbKa KUIOMETpPiB Ta TNPOXOAATH y IPyHTaX 13  pI3HUMH
BIIacTUBOCTSAMU.IIpHKIIAIOM Takoro CKJIagHOrO 00’e€kTy € OymiBHMOTBO y M. KwueBi rinku
TOJIOBHOTO MICBKOTO KaHATi3aliHOrO KOJEKTOpy aoBxHHOKW Onmu3bko 10 kM. ['mubuna iioro
MPOKJIAIAHHS 3MIHIOEThCsL Bif 5 M 1o maibke 90 M. Ha okpemux AiISIHKAX TpacH KOJEKTOPY
BHACJIJIOK JIaBHIX €po3iiiHuX Ta cy]o3ifHUX HpolieciB HamiBTBEp/A IJHMHA SIKa OTOYYE KOJEKTOP
3MIHIOEThCS HA 3HAYHO CNIAOINIl CYMiCKH TeKydi. Byio mpoBeneHo BHIPOOYBaHHS HAaBAHTAKCHHAM
OCHOBH B NPHUPOJHBOMY CTaHi Ta 3adikcoBaHi 3HAYHI BepTUKAIbHI jaedopmarlii, 10 B JianasoHi
ekcrutyaramniitaux Tuckis (270...360 kI1a) ckramamu aust cnabKux Cyminmanux rpyHTiB Bix 1,8 cm 10
3,3 cm. i 3HauenHst nedopmariiii 3HAYHO BHINI HIXK JUIS JUISHOK JIe Y OCHOBI 3aisraju TJIMHH
namiBrBepai  (0,5.1cm). 3 MeETOW yHHUKHEHHs HEpIBHOMIpHHX nedopmaiiii KOHCTPYKIii
3arauOIeHoi cnopyau Ha IUITHKAX 3 Pi3KOI0 3MIiHOIO Te0JIOridHOi OyfoBH OyJ0 3alpONOHOBAHO
MIJICHIATH CTa0Ki CyTMill[aHi IPYHTH IUIAXOM iH €KTYBaHHS B IPYHT PO3YHHIB.B sIKOCTI MOMIIUBHX
BapiaHTiB iH €Kil PO3IIATANNCSA. [IEMEHTHI Ta [EMCHTHOTO-TIOMIMEpHi po3umHH pisHOro B/I]
CHIBBIZIHOIICHHS Ta IIBHAKO TYKaBilOYM IBOKOMIIOHEHTHI HOJIMEpHI po3yMHH. [l OLIHKH
e(eKTUBHOCTI PI3HUX BapiaHTIB MiJCHIEHHS OyJO BUKOHAHO IIOJIbOBI BUIIPOOYBAHHS MOJKJIMBOCTI
IH €KTYBaHHSA IOTIMEPHUX PO3UHMHIB i BHIPOOYBAaHHS IUKIIYHHM HABAHTAXKEHHAM (ParMeHTIB
CIIOPY/AU Ta B TMOJAIBIIOMY B (Di3HYHO-HENIHIHHIN MOCTAHOBIII MPOBEICHO YHCIOBE MOJICIFOBAHHS
HaIpyXeHO-e(hOPMOBAHOT0O CTaHy 3arIMOJICHOI CIIOPYAN HA PI3HUX eTamnax ii )KUTTEBOTO IIUKITY.

BcTaHoBIEHO, 110 B JaHUX IPYHTOBUX YMOBax AedopMaii 3aKpiluIeHOi OCHOBY 3aJIKaTh Bij
peXUMy iH’€KTYBaHHS. Pe3ynbraTi eKCrepuMeHTIB MoKa3anu 3MeHIIeHHs AedopMaltii 3aKkpinsieHol
OCHOBH IIpU LUKITIYHUX HABAHTAXKEHHAX [0 3-X pa3iB y MOPIBHAHHI 13 HE3aKPilIIEHOIO OCHOBOIO.

1. boiikol.IT., CkoukoJI.O., XyxB.B., Hocenko B.C., TimnyuskuiiB.JI. Hanpysxkeno-nedpopmoBanuii cran
3aranbICHHX CIIOPY/A 3 BPaxyBaHHAM IX JKOPCTKOCTI, TEXHOJOTii 3BEJACHHS Ta XapakTepy HaBaHTaxeHHs //
HayxkoBo-rexniunuii 36ipuuk «by/iBenbni Marepiaan, BUpodu ta canirapua texuika» — K: TOB “BunaBHHLITBO
“BAPMM”, 2018. — Ne59 — C. 60-72.
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The purpose of this work is to evaluate the interaction of the elements of the "soil
environment - buried structure” system under the conditions of changing the stiffness of the
structure and when the soil parameters change. The studies were carried out both with the help of
numerical modeling techniques and with field tests of cyclically loaded building elements.

collector, tunnel

Clay semi-hard
E=32...37 mPa

Fig. 1 - Calculation model of the " soil base Fig. 2 - Estimated values of non-uniform subsidence of the
- buried engineering structure " system structure in the event of a sudden change in soil conditions

Large-diameter collectors are being built in cities, which are underground tunnels designed to
transport domestic sewage to the place of their treatment. Such tunnels are several kilometers long
and pass-through soils with different properties. An example of such a complex object is the
construction of a branch of the main city sewage collector in the city of Kyiv with a length of about
10 km. The depth of its laying varies from 5 m to almost 90 m. In some sections of the collector
route, as a result of ancient erosion and suffusion processes, the semi-solid clay surrounding the
collector changes to much weaker flowing sand. A load test of the base in its natural state was
carried out and significant vertical deformations were recorded, which in the range of operating
pressures (270...360 kPa) amounted to 1.8 cm to 3.3 cm for weak sandy soils. These deformation
values are significantly higher than for areas where semi-hard clays (0.5...1 sm) lay at the base. In
order to avoid uneven deformations of structures of buried structures in areas with a sharp change in
the geological structure, it was proposed to strengthen weak sandy soils by injecting solutions into
the soil. Possible options for injection were considered: cement and cement-polymer solutions of
different W/C ratios and fast-hardening two-component polymer solutions. In order to evaluate the
effectiveness of various strengthening options, field tests of the possibility of injecting polymer
solutions and cyclic load testing of building fragments were carried out, and subsequently numerical
modeling of the stress-strain state of the buried structure at various stages of its life cycle was
carried out in a physically-nonlinear setting.

It was established that in these soil conditions, the deformations of the fixed base depend on
the mode of injection. The results of the experiments showed a decrease in the deformation of the
fixed base under cyclic loads up to 3 times compared to an unfixed base.

1. Boyko I.P., Skochko L.O., Zhuk V.V., Nosenko V.S., Pidlutskyi V.L. The stressed-deformed state of buried
structures taking into account their rigidity, erection technology and the nature of the load // Scientific and
technical collection "Building materials, products and sanitary equipment” - K: LLC "BARMY Publishing
House", 2018. - No. 59 - P. 60 -72.
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Hecyui 3a/1i300eTOHHI KOHCTPYKIIiT IK 0CHOBA 3a0e3nevYeHHsl KJIiMaTy OyaiBeJb

Bonooumup Bpynvko, kepisnux 6iooiny, https://orcid.org/0009-0009-9619-3524

TTAT Kuis3HJIEI, (m.Kuis)

Mera jocoaimkeHHsi: 3°sCyBaTH HOBI SIKICHI MOXJIMBOCTI MOIIMPEHHS BHKOPUCTaHHS
MOHOJIITHOTO 3a11i300€TOHY.

byoiens — ye cmayionapnuii wimyunui 00°€m 3 KOHMpPOIbo8anum Kiimamom. ToOTo,
roJIOBHAa 1 OCHOBHA (yHKIsl OyaiBii — OoTpUMaru B Touli npocropy O6’em 3 Kiimarom, sikuii €
MOXUIUBICTH KOHTPOTIOBATH. | jmme mHoTiM BCIM BigoMi BHM3HA4eHHS 3a (DYHKIIOHATBHUM
NIPU3HAYCHHSM, BUIAMH, THIIAMH, TOLLO.
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Puc.1 Koncrpykuist TAABC

Bkazanomy BuIlle B MakcMMallbHIl Mipi BiamnoBigae OyaiBenbHa cucrema TAABC — Tepmo-
aKTHBHA ajanTuBHa OyxiBensHa cuctema (thermo-active adaptive building system).B TAABC
3ajaqa CTBOPEHHs O00’€My 3JiHCHIOETBCS 3alli300€TOHHUM HECYYHM, SIK IPABHJIO MOBHHM,
KapKacoM. A 3aja4ya CTBOPEHHS KIJIIMaTy — yepe3 pO3MIllleHHs 0€3M0CePEHBO B IUX KOHCTPYKIIISIX
MOJTIETHIICHOBHX TPYO, B sikKX Oye poboya pijiHa — Boja 3 eTHICH(IPOITHIICH) TIIIKOJIEM.

Cytb TAABC — KOHTpOJIb TEMIIEpPAaTypH HECYYHX 3ali300€TOHHHUX KOHCTPYKIH OymiBi.
Texuosoris mparroe 3 TepMiunoo Mmacoro (thermal mass) Gyxiemi. Lle mMakcumanbHO iHepriiiHa
cucrema. lle n03BoNsie mepeTBOpHTH OyiBIIO B, 1O CyTi, aKymynsTop kiimary. KirrogoBum
mokasHukoMm OymiBens B KoHTekcTi TAABC € tepmo-kimimatnunuii moteHuian Oyaismi (KIIB)
(xBt*ron/m2*C). B cepenupomy KIIb 0,2..0,25 juist HaifGiibII MOMIMPEHUX IPOSKTHHX PIllleHb
OyaiBenb Jae MiHIMalbHy BapTicTh M2 Juisi «A» kiacy eneproepexrusrocti. TAABC no3Bouisie
peanizyBaru kouuemnuito Engineering open space (EOS) na nogady xo Bigomoi mianysansHoi Open
space (OS). Ile mae MakcHMallbHI MOJKJIMBOCTI MiHIMi3yBaTH YHCIIO iHXKEHEPHHX KOMYHIKaliil B
IUIaHyBasibHOMY 00’emi OyniBii. EOS — ocHOBa Takoro nokasHHKa sSIK alanTHBHICTH OyIiBii 10
3MiHN (QYHKIIOHATEHOTO NIPU3HAYCHHS Ta IHIINX BUMOT PHHKY HEPYXOMOCTI.

TAABC B MakcumalbHii Mipi BIANOBIIAE CyYaCHMM TpPEHJaM EHEepPro- Ta pecypco-
e(eKTUBHOCT], ABTOHOMHOCTI, 3€JICHOTO OYAIBHUITBA, HYyJIbOBOTO KapOOBAaHOrO CIiTy Ta
MONIMPEHHM  CYYacHMM MDKHAPOZHMM CHCTEMaM OLIHKM OyniBenb, OpI€HTOBAaHHMM Ha
€KOJIOTIYHICTb.

Buxopucranns OyaisensHoi cuctemu TAABC nae HacTymnHe:

1. Minimizalgist BUTpar 3ajiizo00eTony Ha M2 4d M3 OyuiBii nepectae OyTH KPUTEPIEM SKOCTI
MIPOEKTHOTO PillICHHS;

2. TloBHUIT MOHOJNITHHMH 3a/i300€TOHHMI KapKac Ha IUIMTI CTAa€ ONTUMAJIBHUM MO KPUTEPIiIO
MiHIMi3aLii SIK KaniTaabHUX BUTPAT TaK 1 )KUTTEBOrO LIUKITY OyiBIi;

3. daxTuuHMIl aKTHBHUII KOHTPONH TEMIIEPATYpH 3ali300€TOHHUX MOHOJITHHX KOHCTDPYKIIH
3MIHIOE PO3paxyHKH TeMIepaTypHuX paedopmamiii Ta pilleHb OO0 TeMIepaTypHO-
nedopmaniiftHux mBiB;

4. BuxopucraHnHs OyIiBEJIBHOTO CMITTS CTa€ Ha MOPSIOK OLIBII €KOHOMIYHO JOLIIbHE

1.EN 15377-1:2008 Heating systems in buildings — Design of embedded water based surface heating and cooling
systems — Part 1: Determination of the design heating and cooling capacity.

2.EN 15459:2007 Energy performance of buildings — Economic evaluation procedure for energy systems in

buildings.
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Reinforced concrete structures as a basis for climate of building

Volodymyr Brunko, department head, https://orcid.org/0009-0009-9619-3524

PJSC KYIVZNDYEP

The purpose of the study: to find out new qualitative opportunities for spreading the use of
monolithic reinforced concrete.

Building, it is a stationary artificial volume with a controlled climate. That is, the main and
main function of the building is to get at the point of space a volume with a climate, which is able to
control. And only then all know the definitions for functional purpose.

Puc.1 TAABC constructions

The above extent corresponds to the construction system of TABS-thermo-active adaptive
construction system (Thermo-Active Adaptive Building System) in TABS The task of creating
volume is carried out by reinforced concrete load-bearing, usually full, frame. And the task of
creating a climate - through placement directly in these structures of plastic pipes, in which there
will be a working fluid - water with ethylene (propylene) glycol.

The essence of TABS is the control of the temperature of the load -bearing concrete structures
of the building. The technology works with thermal mass (Thermal Mass). This is the most inertial
system. This allows you to transform the building into a climate battery. The key indicator of
buildings in the context of TABS is the climatic potential of the building (KPB) (kWh*h/m2*C).
On average, the CPB is 0.2..0.25 for the most common design solutions of buildings gives the
minimum cost of M2 for "A" of energy efficiency class. Taabs allows you to implement the concept
of Engineering Open Space (EOS) in addition to the famous planning Open Space (OS). This makes
it possible to minimize the number of engineering communications in the planning volume of the
building. EOS is the basis of such an indicator as the adaptability of the building to changing
functional purpose and other requirements of the real estate market.

TAABS meets to the maximum extent the modern trends of energy and resource efficiency,
autonomy, green construction, zero carbon footprint and common modern international building
assessment systems, oriented towards environmental friendliness.

The use of the TAABS construction system gives the following:

1. Minimization of reinforced concrete costs on m2 or m3 of the building ceases to be the quality
criterion of the design solution;

2. Full monolithic reinforced concrete frame on the stove becomes optimal by the criterion of
minimization of both the capital costs and the life cycle of the building;

3. Actual active control of the temperature of reinforced concrete monolithic structures changes
the calculations of temperature deformations and decisions on temperature and deformation seams;

4. The use of construction waste becomes more economically expedient

1.EN 15377-1:2008 Heating systems in buildings — Design of embedded water based surface heating and cooling
systems — Part 1: Determination of the design heating and cooling capacity.

2. EN 15459:2007 Energy performance of buildings — Economic evaluation procedure for energy systems in
buildings.
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Kuiscoruil nayionanvnuil ynieepcumem oyoisnuymea i apximexmypu (m.Kuig)

B pesynbraTi pociiicekoi arpecii apruiepiiicbkuMu oOcTpitamu  Oyno  3pyHHOBaHO
IIPOMHCIIOBHX OyAiBenb Ta OyIiBenb KpUTHYHOI iHQpacTpyKTypH B GaraTbox odmacTax Ykpainu. B
MEpIIy Yepry pyHHYBaHHIO IiJIal0THCS TIOKPUTTS OyIiBEb Ta CIIOPY/I, SIKi y OUIBIIOCTI 3BEleHI 13
30ipHUX 3alIi300€TOHHUX PEOPUCTHX MNUT MNOKPUTTS. [Ipy OJMHOYHMX MONANAHHAX CHAPSIIB
pyHHYIOTBCS OfHa a0 JeKiNbKa IUIMT MOKpHUTTA. [ 3aMiHM 3pyifHOBaHWX IUIUT HA HOBI
HEeOoOXiTHO BUKOPUCTOBYBaTH OarToBi kpanu. I1pu icHyrouiit 3a0y10Bi Ta BeIMKil BHCOTI OyliBenb
BUKOPHCTOBYBATH OAIITOBI KPAHH HEMAa€ MOXJIMBOCTI Ta CKOHOMIYHO HE BHTiIHO. J[y1s BUpilICHHS
miei 3agadi OyJ0 NPUHHATO YJAIITYBAaHHS IUTUTH TOKPUTTS 3 MOHOIITHOTO 3ai300€TOHY IO
npodHacTIIy Ta MeTaneBUM OankaM. KoHcTpykuis maHoi mmuty 3 po3mipamu B miaHi 6,0%x1,5 m
rnokasana Ha puc. 1.

;
5

Puc. 1. YnamryBaHHs IUIUTH ITOKPUTTS 1O TPOQHACTHITY Ta METAJICBIM OallKaM:
a — MoTIepeyHMi repepis; O — MOB3I0BXKHIH nepepi3

Po3paxyHKH Ta KOHCTPYIOBAHHS IUIUTH TOKPHUTTS BHKOHYBQJIHCh 3TiAHO AIFOYMM HOpMam
[1...3].

VYV pesyabraTi BUKOHAHHWX PO3paxyHKIiB OyJM TPHUHSTI MOB3JOBKHI OAJKH 31 METAICBOrO
mBenepa Ne20, a monomitHa 3/6 mmmra 3 Getony kiacy C16/20 mo mpodHacTuay MapKu
H60x640x%1,0. [IpodHACTHI PO3TAMIOBYETHCS Y MONEPEIHOMY HANPSIMKY 1 OIIMPA€ETHCS HA METANICBI
Ganku. [InuTa apMyeTbes apMatypHoro citkoro C1l, sika 3BapeHa 3 apmarypHux crepkHiB @8A400C
3 kpokoM 100 MM y nBOX HampsiMkax. J{jist CIiTbHOT poGOTH MOHOIITHOI 3/0 TUIMTH Ta METaIeBHX
0aJl0K HEOOXITHO BJIAINTOBYBATH aHKEPH, SIKi IPHBApIOIOTH IO BEPXHbOI HOJHII Oanok uepes
npodHACTII. AHKepU BUKOHAHI 3 apMaTypHuX cTepkHiB @8A240C.

1. IBH B.2.6-160:2010. Koucrpykuii OyauukiB i cnopyxa. CranesanizobeTonni konctpykuii. OcHOBHI
nonoxxeHnst. — Kuis, MinperionOya Y kpainu, 2010.

2. ICTY b B.2.6-215:2016. Po3paxyHOK i KOHCTpYIOBaHHs cTasne3anizo0eTOHHUX KOHCTPYKIIiit
3 IJIMTaMHu 110 MpodinsoBaHuM HacTHIaM. — KuiB, Minperion6yaYkpaiuu, 2016.

3. ICTY b B.2.6-216:2016. Po3paxyHOK i KOHCTPYIOBAaHHS 3’€JHYBAJIbHHMX EJIEMEHTIB CTaye3a1i300eTOHHNUX
KOHCTpyKiif. — KuiB, MinperionoynYkpainu, 2016.
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Peculiarities of restoration of destroyed slabs of coatings of
industrial buildings and structures after artillery shelling
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Oleksandr Povazhniuk, master’s student, http://orcid.org/0000-0003-0522-2174

Kyiv National University of Construction and Architecture

As a result of Russian aggression, industrial buildings and buildings of critical infrastructure
were destroyed by artillery fire in many regions of Ukraine. First of all, the coverings of buildings
and structures, which are mostly made of prefabricated reinforced concrete ribbed covering plates,
are subject to destruction. In case of single projectile hits, one or more cover plates are destroyed.
Tower cranes must be used to replace destroyed slabs with new ones. With the existing construction
and high building height, it is not possible and economically unprofitable to use tower cranes. To
solve this problem, it was decided to arrange a cover plate made of monolithic reinforced concrete
on a profiled floor and metal beams. The design of this plate with dimensions in plan of 6.0x1.5 m
is shown in fig. 1.

 Anep

\am
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Fig. 1. Arrangement of the covering plate on the profiled flooring and metal beams:
a — cross section; b - longitudinal section

Calculations and construction of the covering plate were carried out according to current
standards [1...3].

As a result of the calculations, longitudinal beams made of metal channel Ne20 were accepted,
and a monolithic concrete slab made of C16/20 grade concrete on profiled flooring of the
H60x640x1.0 brand was accepted. Profiled flooring is located in the transverse direction and rests
on metal beams. The slab is reinforced with C1 reinforcing mesh, which is welded from @8A400C
reinforcing bars with a step of 200 mm in two directions. For joint work of a monolithic reinforced
concrete plate and metal beams, it is necessary to arrange anchors that are welded to the upper shelf
of the beams through the profiled flooring. Anchors are made of reinforcing bars @8A240C.

1. DBN V.2.6-160:2010. Structures of buildings and structures. Steel-reinforced concrete structures. Substantive
provisions. — Kyiv, Ministry of Regional Construction of Ukraine, 2010.

2. DSTU B V.2.6-215:2016. Calculation and construction of steel-reinforced concrete structures with slabs on
profiled floors. — Kyiv, Ministry of Regional Construction of Ukraine, 2016.

3. DSTU B V.2.6-216:2016. Calculation and design of connecting elements of steel-reinforced concrete structures.
— Kyiv, Ministry of Regional Construction of Ukraine, 2016.
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Tipruyo-memanypeiiina akademis im. Cmaniciasa Cmawiya (m. Kpaxis, Ionviya)

ACIEKTH CTaJoro PO3BUTKY € HAWBAXIIMBIIIMMU KPUTEPiAMH JUIs NPUHHATTS pillleHb Y
KOMIUIEKCHOMY HPOEKTyBaHHI OyniBenb. baratokpurepianbHuil aHaimi3 KOHCTPYKUIH 1 Marepiaiis
HaJa€ KII0YOBY iH(MOpMALiIo Iepes M0YaTKOM IIponecy IpOeKTyBaHHs Oyaiii. Ha ocHOBI aHamizy
MPOEKTYBAIBHUKH MOXYTh MiJIOpaTH KOHKPETHI TEXHOJIOTIYHI pIlIEHHS, SKi ONTUMAJIbHO
BIANIOBIAIOTh TEXHIYHMM BHMMOTaM, IOTpeGaM IHBECTOpa Ta KOPHCTyBada OYAIBII, a TaKOX €
exoxoriyHo ynctuMu. Kputi 6aceiiHn 1uist ITaBaHHs — 11 00’ €KTH TPOMAJICBKOTO MPH3HAYCHHS, SKi
[OBUHHI BIIMCYBATUCS B PAMKHU CTaJIOr0O OYAiBHHULITBA.

Mera [OCHDKCHHS — Ha OCHOBI 0araTOKpHTEpialbHOTO aHAi3y IpOaHAJIi3yBaTH
KOHCTPYKTHBHO-TEXHOJIOTIYHI PIIIEHHs CTiH i JJaXy KPUTHX OacelHIB i BKa3aTH iX ONTHMalbHi
po3B's3anHs. Kpurtepismu aHami3y € eKOHOMIUHI, €KOJIOTIUHI Ta COIiaNbHi aCIEKTH.

3a pesynbTaTaMd PO3MIISAAY HPOEKTHOI JOKyMeHTamii 22 iCHyro4Yux OyIMHKIB BigiOpaHO
HAMOUIBII TOIIMPEH]I PpIlIEHHS Ta MNPOBEJEHO TEXHIKO-€KOHOMIYHMI Ta eKOJIOTIYHMI aHaui3.
EXOHOMiuHi aCITeKTH OI[iHIOBAIH HA Mi/ICTAaBi BAPTOCTI KOHCTPYKITiHANMX MaTepianis ays 1 m? moromi
MOBepxHi CTiH i gaxy 1 M? momi. AHani3 Ga3yBaBcs Ha Tpaiic-mTHcTax i KaTajgorax Oy/IiBeTbHHX
MarepianiB, HaJaHUX BHPOOHHMKaMHu. EKONOTiuHI acleKTH OLIHIOBaIM Ha OCHOBI BIUIUBY
Oy/iBeNIbHUX MaTrepialiB Ha JOBKI/UIS Ha MEPIIOMY €Talli )KUTTEBOrO LMKy OyIiBII, BKIIOYAI0YH
a3y BUTOTOBJIEHHSA OyIiBEIbHOrO BHPOOY: BUIOOYaHHS CHUPOBHMHM,  TPAHCHOPTYBAHHS JIO
BUPOOHHYOrO  IIANPHEMCTBA Ta BHPOOHWITBA  OyAiBeNbHHX  MaTepiayiB.  [lokasHHKH
IHIMBIIyalbHOTO BIUIUBY Oy/iBeJbHUX BHPOOIB Ha goBkiuia [1], Hampukiam, TmOTeHIAN
rinobansaoro morertinast (GWP) aGo pyitHyBanHs o3onoBoro mrapy crparocdepu (ODP),
BH3HAYaJIM Ha OCHOBI €KOJOITYHHUX Jiekinapatiil npoxykuii (EPD). ITicis npoBeaeHHS ONUTYBaHHS
rpymu 31 100 pecrionzeHtiB OyJsio BupilieHO 0a3yBaTH OLIHKY COLaJbHUX ACIEKTiB HAa OCHOBI
IapaMeTpiB TEIIOBOr0 KOM(MOPTY Ta BIATYKIB KOPHCTYBadiB OaceiHy. JlocmimKeHHs ToKa3aiHy, o
KOPHUCTYBaui BBAXKAIOTh TEMIIEPATypy MOBITPsl B OaceliHi Jy’ke Ba)KIMBHUM YHMHHHKOM TEIIIOBOTO
xoM¢opty. Ha mincTasi mporo Oyao BUPINIEHO NPUHHATH IS OLIHKK Koe(ilieHT Teriomepenadi
KOHCTPYKLii Oyniimi. Onucanuii koedillieHT BIUIMBAE HE JIMIIE HAa COLIAJbHI acleKTH, a i Ha
€KOHOMIUHI acneKTH Ha TpeTiit (azi uTTeBOro nukity OyaiBii, ToOTO (ha3i excruryaranii, OCKIIbKH
HOro 3HAYCHHS 3aTHE 3MEHIINTH SKCIUTyaTalliifHi BUTpaTH 00’ €KTa.

VYci acniekTH, onucaHi BUIIE, CTAHOBIIATH (DyHIAMEHTANIbHI MIPUHIMIIA CTAJIOTO Oy/1iBHUIITBA.
VY anami3oBaHi 3amadl KOHCTPYKLIIfHO-TEXHOJOTIYHMX pilleHb 3aliB OacelHIB yci ommcaHi
KpUTepii € JeCTUMYNIATOpaMH, a IXHi ONTHUMasbHi 3HAYEHHS HAOIMKAIOTHCS 10 MiHimymy. Jlms
aHaJI3y JOCIIPKYBAaHUX MIPoOJIeM Ta BUOOPY ONTHMAJIBHOTO BapiaHTy BUKOPHCTOBYBAIUCS METOH
GaratokpuTepianbHOi MATPUMKK TpuiHATT pimers (MCDM). ocmimkenHs GasyBamucs Ha
Metoi anaimizy iepapxiii (AHP) [2] ta qucranuiiinomy metoai TOPSIS [3].

3a pesynbTaTaMd aHANi3y 3alpONOHOBAHO ONTHMANbHI BapiaHTH KOHCTPYKTHBHO-
TEXHOJIOTYHHX PIllIeHb CTiH 1 Jaxy KpUTUX OaceifHiB UIs TJIaBaHHS.

1. Abbe O. and Hamilton L. BRE Global Environmental Weighting for Construction Products using Selected
Parameters from EN 15804, 2017, Accessed: Apr. 03, 2023. [Online]. Available: www.bre.co.uk

2. Saaty T. L. Analytic Hierarchy Process Planning, Priority Setting, Resource Allocation, Advanced Optimization
and Decision-Making Techniques in Textile Manufacturing, p. 287, 1980

3. Hwang C.-L. and Yoon K.Multiple Attribute Decision Making, vol.186, 1981, doi: 10.1007/978-3-642-48318-9.
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Sustainability aspects are the most significant decision criteria in integrated building design.
Multi-criteria analysis of construction and material solutions provides crucial information before
starting the building design process. Based on the analysis, building designers can choose specific
technology solutions that optimally meet the technical requirements, and the needs of the investor
and user of the building, and are environmentally friendly. Swimming pool halls are public-use
facilities that should fit into the framework of sustainable construction.

The work aims to analyse the construction and material solutions of the wall and roof
partitions present in swimming pool halls based on multi-criteria analysis and to indicate their
optimal solutions. The analysis criteria are economic, environmental, and social aspects. Based on
the review of the design documentation of 22 buildings, the most common solutions were selected
and analysed technically, economically, and environmentally.

The economic aspects were assessed based on the cost of construction materials for wall and
roof partitions per 1-meter square. The analysis was based on price lists and catalogues of
construction materials provided by manufacturers.The environmental aspects were assessed based
on the environmental impact of building materials in the first phase of the building's life cycle.
Including the product phase, including the extraction of raw materials, the phase of transport to the
production plant, and the phase of production of building materials.

Indicators of individual environmental impacts of construction products [1], e.g. Global
Warming Potential (GWP) or Depletion potential of the stratospheric ozone layer (ODP), were
determined based on Environmental Product Declarations (EPD). After surveying a group of 100
respondents, the results have shown that most people choose the aspect of the thermal comfort of
pool users as being the most important. Research has shown that users consider the air temperature
inside the swimming pool hall to be an essential factor of thermal comfort. On this basis, the
decision was to adopt the heat transfer coefficient through building partitions for evaluation. The
described coefficient not only affects the social aspects but also the economic aspects in the third
phase of the life cycle of a building, i.e. the use phase, because its value can reduce the operating
costs of the facility.

All the aspects described above constitute the fundamental principles of sustainable
construction. In the analysed problem of construction and material solutions for swimming pool
halls, all of the described criteria are destimulant and their optimal values tend to be a minimum. To
analyse the examined problems and select the optimal variant, the methods of multi-criteria decision
support (MCDM) were used. The research was based on the AHP hierarchical analysis method [2]
and the TOPSIS distance method [3].

Based on the results of the analysis, optimal variants of construction and material solutions
for the wall and roof partition in the swimming pool halls were presented.

1.Abbe O. and Hamilton L. BRE Global Environmental Weighting for Construction Products using Selected
Parameters from EN 15804, 2017, Accessed: Apr. 03, 2023. [Online]. Available: www.bre.co.uk

2. Saaty T. L. Analytic Hierarchy Process Planning, Priority Setting, Resource Allocation, Advanced Optimization
and Decision-Making Techniques in Textile Manufacturing, p. 287, 1980

3. Hwang C.-L. and Yoon K. Multiple Attribute Decision Making, vol.186, 1981, doi: 10.1007/978-3-642-48318-9.
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JloBroBiyHicTh 6€TOHHUX KOHCTPYKILii 3 KOMIIO3UTHOIO apMAaTyPOI0
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Kuiscoruil nayionanvruii yrieepcumem 0yoisnuymea i apximexmypu (m. Kuie)

JIOBroBiUHICTh KOMIIO3UTHOI apMaTypu y OCTOHHMX KOHCTPYKLUSIX BH3HAYAETHCS 3IATHICTIO
30epiraTy BHEXiaHi SIKICHI MOKa3HUKH (BIACTHBOCTI i XapaKTEPHUCTHKH) [IPU TPHBAIOMY CHIOBOMY BILIHBI,
BIUIMBI ~ OCTOHHOrO  CEPENOBHIIA, MOCTIHHOMY a00  3MIHHOMY  BIUIMBI  HABKOJHMIIHBOTO
cepenoBuilia.HaBeneni pesynabTaTd cucTeMarusaiii 1 aHamily JOCHIDKeHb JOBIOBIYHOCTI OETOHHHX
KOHCTPYKL(iif 3 KOMIIO3UTHOIO apMaTyporo./[OBrOBIYHICTE OLHYBaIaCh BHXOJTYM 3 BIUIMBY HAWOLIBII
BaroMux (hakTopiB Ha OETOHHI KOHCTPYKIIIT 3 KOMIIO3UTHOIO apMaTypolo, a Came BOJIOrOCTI CepelOBHUILA,
XJIOPUMIB, JY>KHOTO 1 KHCIOTHOTO CEpPElOBHUIN, DIBHA HAIpYyKeHb, TCIUIOBHXAI, KapOoHi3amil i
yIbTpaioNeToBOro  BUIPOMIHIOBAHHS HAa OCHOBHI BIIACTHBOCTI 1 XapaKTEPHCTUKH KOMITO3HTHOI
apMaTypy — THMYACOBHil OIp, MOMYJb MPYXKHOCTi, CTAaH TOBEPXHi BOJOKHO/MATPHIIS, 3YCIUICHHS
KOMIIO3UTHOT apMaTypH 3 OETOHOM.

BrumB BosorocTi cepenoBHia Ha BIACTUBOCTI KOMIIO3UTHOI apMaTryp, 3a3BUYail, BHBYABCS
OIOCEPEIKOBAHO HA MiZICTABi JOCIIKEHb BIUIMBY BOJIM HA IOBITPI HAa BIACTUBOCTI apMmaTypd. llpu
[bOMY BCTaHOBJICHO, [0 HAWOUIBIIMI BIUIMB IIBOrO (haKTOPy Mae Micle I THMYacoBOTO OIOpY i
MOJIYJIIO TIPYXKHOCTI apMmaTypu, a npu temneparypax Oinbiie 600 C el BIMB pO3MOBCIOKYETHCS 1 HA
BJIACTHBOCTI MaTpuii.UNCIICHHI JOCIIUKCHHA BIUIMBY XJIOPHIIB IpH ix KoHueHTpamii mo 4%
temreparypax g0 700 C y 1mmpokoMy miara3oHi 3HA4Y€Hb BOJIOrOCTI HE BHSIBUIM ICTOTHOTO BILIMBY
OCTaHHIX Ha BJIACTHBOCTI 1 XapaKTEPHCTUKK KOMIIO3UTHOI apMaTypu. BB myxHOro cepenosuina, y
MIPOBEJICHUX JOCIIHKCHHSX B Jy)KHNX po3dnHax 3 piBHeM pH 12-13,5 i temmeparypax 20-80 600C,
3aJIeKUTh BiJl BUY BOJIOKHA KOMITO3UTHOI apMaTrypH, HaWOUIbIIy CTIMKICTh 3 SIKMX Ma€ BYIJICleBe
BOJIOKHO JIaJTi apaMiJIHe 1 TOTIM CKJIOBOJIOKHO. Tak, BTpaT THMYacOBOTO OIOPY BYIJICHIEBOTO BOJIOKHA Ha
npoTsi3i Bix 20 mHiB 10 oaHOoro poky ckinaga 0-5,0%, apamimroro BonokHa — 6,4-25,0%, CKJI0BOJIOKHA
— 12-55%. B oxpeMux IOCHIUKEHHAX JUIL CKJIOBOJIOKHA OylO Takox 3ahikCOBaHO MOTIPIICHHS CTAaHY
noBepxHi BosokHO/MaTpurst i 10 10% 3HWKEHHs MOJyisl IPYKHOCTI. B To# e 1ac, BIUIMB JIy’KHOTO
cepeloBHIa OETOHY BHSIBHCS 3HAYHO MEHIINM, HDK JIY)KHMX PO3UMHIB, IO MOSICHIOETHCS 3aXHCHUMHU
BJIACTUBOCTSIMU MaTpuLi (CMOJIH), i HE BIUIMBAM Ha 34CTUICHHST KOMITO3UTHOT apMaTypH 3 GETOHOM.

JloBroTpyBae HaBaHTAKEHHs KOMITO3UTHOI apMaTypH HPH Pi3HHX PIBHAX HAIpPY>KEHb IIPU3BONTD
J0 pyHHyBaHHsS KOMIIO3UTHOI apMaTypy IpH HalpyKEHHAX MEHIIMX iX THMYacOBOIO OIOpYy Yy
BHIXiZHOMY CTaHi (pyHHYBaHHs IIPH [IOB3y4OCTi, CTATHYHA BTOMA). SHIKECHHS THMYAaCOBOTO OIOpY TPH
LIbOMY 3aJI)KUTh BiJl PIBHS HANpyXeHb, BHIY BOJIOKHA 1 BOJIOTOCTi cepemoBuina. Tak, HaiOuiblIe
3HAYCHHS HAIPY>KEHb CTATUYHOT BTOMH BCTAQHOBJICHO /ISl apMaTypH 3 ByrienieBuM BosokHoM — 0,7 -0,91
BiJl TUMYaCOBOI'O OIOpPY Y BHXIJIHOMY CTaHi, JUISl apMaTypu 3 apamigauM BosiokHoM — 0,47-0,66 i 3
cxaoBorokHoM — 0,30-0,45.TemnoBi aif, B mepiry 4epry, BIUIMBAIOTh HA 3YCIUICHHS KOMIIO3UTHOI
apMaryp 3 6etoHoM. TloripiiieHHs 3UeTyIeHHs Ma€e MiCIie TIOYMHAIOUH 3 TemriepaTypu Harpiy y 60-800C
i npu temneparypax 200-250 OC ckmagarore no 10% Big MIIHOCTI 34EIUIEHHS y BHXITHOMY
crani.KapOoHizarist 1 yapTpagioneToBe BHUIIPOMIHIOBAHHS, 3a pe3yJbTaTaMU JOCHIDKEHb, HE MAalOTh
CKUIbKH-HEOY b 3HAYHOTO BILTMBY Ha BIIACTUBOCTI i XapaKTEPUCTHKN KOMIIO3HTHOI apMaTypH.

BB, po3riaHyTHX BHIE (paKTOPIB HA BIACTUBOCTI 1 XapaKTEPUCTHKH KOMIIO3UTHOI apMaTypH,
TP TIPOEKTYBAHHI KOHCTPYKIIii BpaxoByeThest y HopmatnBHuX qokymenTax CIIA[1], Kanamu [2], Itaii
[3] Ta iHmEX UUIAXOM TpPU3HAYCHHS BIAMOBIAHMX KOC(DILiEHTIB HAMIHHOCTI IS apMaTyp, sKi
ckIanaroTh Bix 1.4 1o 2,0.

1. ACI 440.1R-06 - Guide for the design and construction of concrete reinforced withFRP bars, ACI Committee
440, American Concrete Institute (ACI), 2015, 86p.

2. CAN/CSA-S806-16(R2021) , Design and Construction of Building Components with FibreReinforced Polymers,
Canadian Standards Association, Toronto, Ontario, Canada, 2021, 201p.

3. CNR-DT 203/2006. Guide for the design and construction of concrete structures reinforced with fiber-reinforced
polymer bars.. Rome, 2006,- 35.
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The durability of composite reinforcement in concrete structures is determined by the ability to
maintain the initial quality indicators (properties and characteristics) with prolonged force, exposure to the
concrete environment, constant or variable environmental influences. The results of systematization and
analysis of studies of durability of concrete structures with composite reinforcement are given. Durability
was assessed on the basis of the influence of the most significant factors on concrete structures with
composite reinforcement, namely the humidity of the medium, chlorides, alkaline and acidic media, the
level of stresses, thermal effects, carbonization and ultraviolet radiation on the basic properties and
characteristics of composite reinforcement — temporary resistance, modulus of elasticity, surface condition
of the fiber/matrix, adhesion of composite reinforcement with concrete.

The influence of environmental humidity on the properties of composite reinforcement was usually
studied indirectly on the basis of studies of the effect of water in the air on the properties of reinforcement.
It was established that the greatest influence of this factor takes place for the temporary resistance and
modulus of elasticity of the reinforcement, and at temperatures above 60° C, this infusion extends to the
properties of the matrix. Numerous studies of the effect of chlorides at their concentration up to 4% |,
temperatures up to 70° C in a wide range of humidity values did not reveal a significant effect of the latter
on the properties and characteristics of composite reinforcement. The influence of an alkaline medium, in
studies conducted in alkaline solutions with a pH level of 12-13.5 and temperatures of 20-80 600C,
depends on the type of fiber of composite reinforcement, the greatest resistance of which has carbon fiber
further aramid and then fiberglass. Thus, for the loss of temporary resistance of carbon fiber for from 20
days to one year were 0-5%, aramid fiber — 6.4-25%, fiberglass — 12-55%. In separate studies for
fiberglass, a deterioration in the condition of the fiber/matrix section surface and a 10% decrease in the
modulus of elasticity were also recorded. At the same time, the influence of the alkaline environment of
concrete turned out to be much less than alkaline solutions, which is explained by the protective properties
of the matrix (resin), and generally no effect on the adhesion of composite reinforcement with concrete.

Long-term load of composite reinforcement at different levels of stresses leads to the
destruction of composite reinforcement at stresses less than their temporary resistance in the initial
state (destruction during creep, static fatigue). Reducing the time resistance depends on the level of
stresses, the type of fiber and the humidity of the medium. Thus, the highest value of static fatigue
stresses is set for reinforcement with carbon fiber — 0.7 -0.91 of temporary resistance in the initial
state, for reinforcement with aramid fiber — 0.47-0.66 and with fiberglass — 0.30-0.45. Thermal
actions primarily affect the adhesion of composite reinforcement to concrete. Clutch deterioration
occurs starting from a heating temperature of 60-800C and at temperatures of 200-250 0C make up
to 10% of the adhesion strength in the initial state. Carbonization and ultraviolet radiation,
according to research, does not have any significant impact on the properties and characteristics of
composite reinforcement.

The influence of the above factors on the properties and characteristics of composite
reinforcement in the design of structures is taken into account in the regulatory documents of
Ukraine, the USA [1], Canada [2], Italy[3]and other by assigning appropriate reliability coefficients
for reinforcement, which range from 1.4 to 2.0.

1. ACI 440.1R-06 - Guide for the design and construction of concrete reinforced withFRP bars, ACI Committee
440, American Concrete Institute (ACI).

2. CAN/CSA-S806-16(R2021) , Design and Construction of Building Components with Fibre Reinforced Polymers,
Canadian Standards Association, Toronto, Ontario, Canada, 2021, 201p.

3. CNR-DT 203/2006. Guide for the design andconstruction of concrete structures reinforced with fiber-
reinforcedpolymer bars.. Rome, 2006,- 35p.
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Perspective designs of pipes and pipelines based on basalt fiber
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One of the greatest inventions in the last century belonged to Kyiv scientists from the
laboratory of the NILBVI, obtaining a continuous fiber from volcanic rocks of basalts [1].

The constant need for laying new pipelines and their increasing volumes suggest that
humanity will not be able to exist without them in the future.

The paper presents the results of theoretical and experimental studies of basalt-plastic
structural multifunctional pipes and tubular elements of various designs (Fig.1.), which, according
to the authors, allows for a complete replacement of metal, and reinforced concrete pipelines
[2,3,4].

Experience in the use of metal pipes for cold and hot water supply systems,drainage,
transportation of petroleum products and other aggressive liquids showed that they are highly
susceptible to corrosion and other factors that reduce their service life, compared with the pipes
proposed in this paper.

The uniqueness of the material from basalt-plastic pipes lies in the fact that basalt fiber,
created from igneous volcanic rock - basalt, has very good chemical resistance. Fibers with a
diameter of 40 microns have 100% resistance to water, 96% to alkali, 94% to acid. The modulus of
elasticity of the fiber is in the range from 7 to 60 GPa, the tensile strength is from 600 to 3500 MPa.

a. 6. B. T.

Fig.1. Structural solutions for multifunctional pipes and pipelines. Internal pipes can be made of
thin steel, glass or basalt fiber

Based on the studies carried out on the available experimental samples of basalt-plastic pipes,
it can be concluded that pipes based on basalt fiber have a number of advantages: high strength and
flexibility, rather low weight, and reliability in operation in a wide temperature range. They are not
subject to corrosion and have high chemical resistance. These advantages make it possible to
effectively use such pipes for laying pipelines for: plumbing and sewer systems, pipelines for
aggressive liquids and environments, cleaning systems and, after minor modifications, for
transporting oil, oil products, gas and water, as well as for repairing and restoring existing pipelines.

1.Dzhyhyrys D.D. Osnovyproyzvodstvabazaltovykhvolokon v yzdelyi / D.D. Dzhyhyrys, M.F. Makhova.
Monohrafyia. - M.: Teploenerhetyk, 2002. — 416s.

2.J. Gigineishvili, 1. Mgaloblishvili. Technological line of production of compositive nonmetal construction
reinforcement bars and pipes. Patent, N P 2000. Thilisi. 1997h.

3Gigineishvyly .D.la., H.Chykvaydze. Stroytelnaia trubnaia konstruktsyia iz kompozytsyonnykh materyalov. Patent
Ne R 2930. Thylysy 2000.06.23.

4.Gigineishvyly D.la. Savenko V. “Nachalonovo isreiprymenenyia bazaltovoho kamnia”. Nauchno-tekhnychesky
izhurnal ,,Vynokhydnyk I Ratsyonalyzator («Nauka iTekhnyka»). Kyev. Nel (125). 2019. Str. 14-19.
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[IutaHHS PO3BUTKY METOMIB PO3PaxXyHKY Ta KOHCTPYIOBaHHS CTaIEBHX OyZiBelNb i Criopyn, a
TaKoXK, IX Cy4acHHUil piBeHb BHCBITICHO B poOoTi [1]. He3Bakaroun Ha BHCOKHIA piBEHb PO3BUTKY
CYy4acHHX HPOTPAMHHX KOMIUICKCIB 3 PO3PaXyHKy OyAiBeIbHHX KOHCTPYKILiH, IX KOpEKTHE
BHUKOPUCTAaHHSI NMOTpeOye BiJ IH)KEHEepa-MPOEKTYBAIbHUKA CIELialbHUX 3HAaHb 1 yMiHb, a IpH
HAsIBHOCTI CKJIAZICHUX €JIEMEHTIB KOHCTPYKLIH 1€ 1 po3poOKH METOIUKH Ta MOCIIIOBHOCTI MiA00py
BKA3aHUX CJIEMEHTIB KOHCTPYKIIiH.

B poGoTi mpencraBieHO AJrOPUTM KOMIT IOTEPHOTO PO3PAXYHKY CTAJIEBUX KOHCTPYKLIM
CKJIQJICHOTO Mepepidy IUIAXOM IIOCTAIHOTO Mif0Opy Ta YTOYHEHHS >KOPCTKOCTEH eNIeMEHTIB
MOTIEPEYHOT0 Mepepi3y 3a paxyHOK CTBOPEHHs KopucTyBaibkux coprameHTiB y [1K «Jlipa-CAIIP».

CraneBa poboua momanxka BUpoOHMYoi OyniBmi posmipom 14m x 48M, ckiaamaeTbes 3
rOJIOBHHX Gainok mposbotoM 16Mm (3x16Mm), apyropsiaaux G6anok (6anok HACTHITY) HPOIBOTOM 8M i
6M, Ta HAaCKpi3HUX KOJOH. BimmiTka mimmorm poGouvoi mIom@nku ckiagae 7.4Mm, MpocTopoBa
KOPCTKICTB KapKacy 3a0e3Medy€eThCsI XPECTOBHMH Ta MOPTATEHUMH B’ SI35IMHL.

CKiHYCHHO-EIEMEHTHA MOJIEJb CTaJIeBOr0 Kapkacy Oyna ctBopeHa 3acobamu [1K «Jlipa-
CAIIP», B sKiit Oynu 3MO/1e/IbOBaHI CKIHUSHHI €JIEMEHTH MOJIOBHUX OAJIOK 1 0aJ0K HACTUITy, KOJIOH,
XPECTOBHUX 1 HOPTANBHUX B’531B, 3aJaHi I'PaHIYHI YMOBH IS KOJIOH, LIAPHIPH Ta PO3KPIIICHHS UL
rOJIOBHUX 0aloK 1 0ajloK HACTHITY, XapaKTEPUCTUKH MaTepiaiB Ta JOAATKOBI XapaKTePUCTUKHU BCIiX
CIIEMCHTIB PO3paxyHKOBOI cxemu. HaBaHTakeHHS Oynu NpHKIafeHi Oe3MocepefHbO OO Oanok
HACTWIY y BHIVISAI 3aBaHT@KCHb BiJ BJIACHOI BarW, IiUIOTH, Ta KOPHCHOTO HaBaHTaxeHHs (16
kITa). Po3paxyHOK 0yJI0 BUKOHAHO 33 PO3PaXxyHKOBUMH CIIOJIyueHHsIMH HaBaHTaxeHb (PCH).

Cnouarky Oynu NpoaHali30BaHI pe3yJbTaTH MigOOpy MABOTaBPOBUX IIPOKATHHX OalloK
HACTWIIy, 3a pe3yjbTaTamu mig0opy (akTU4HO MigiOpaHi *KOPCTKOCTI BHOCHIIMCS B CKIHUEHHO-
CJIEMECHTHY MOJIeIb i BUKOHYBasacs ix mepeBipka BumoraM 1-i Ta 2-1 rpyn rpaHUYHUX CTaHiB. Y
BHIAJIKy 1X HEBiJIOBIIHOCTI omepaiii MOBTOPIOBAJINCS [0 3aJ0BOJICHHS JJAHUX BUMOT.

[MinGip romoBHHMX OaloOK CKIAaAEHOro Iepepidy OyB BHKOHAaHWK B JeKinbKa eramiB. Ha
nepuioMy erari, 3 aHauidy pesyiprariB pospaxyHkKy I[IK «Jlipa-CAIIP» Ta KOHCTpPYKTHBHUX
MipKyBaHb, OyJO NMPU3HAYEHO BUCOTY CTiHKM ronoBHHX Oanok I'b-1, I'b-2, I'b-3 ta cTBOpeHo
KOPHCTYBAIlbKIH COPTaMEHT 3 OOPAHOIO BUCOTOIO CTiHKU 1 PI3HUMHU TOBIIMHAMH CTAJIEBHX CMYT.
Ha ppyromy erami, OyJi0 NpPHUHWHSTO OCTaTOYHY TOBIIMHY CTIHKM Ta CTBOPECHO BIiJIIOBITHHIA
OJMHUYHUN KOPUCTYBallbKHI copTaMeHT. Ha TpeTbomy erami, Oya0 NpUHHATO TOBIIMHY HOJHIL
TOJIOBHHX OQJIOK Ta CTBOPEHO KOPHUCTYBALbKHI COPTAMEHT 3 0OPaHOI0 TOBIIMHOIO ITOJHII 1 Pi3HOIO
LIMPUHOIO CTAJIEBUX CMYT BIANOBIIHO JI0 JiIOYOrO copraMeHty npodiniB. Ha uerBepromy erari,
Oyn0 NPUHHATO INMPHHY MOJNUII B TMPOJBOTI Ta CTBOPEHO BIANOBITHUH OXMHUYHUH
KopucTyBanbkuii coprament. Ha m’siTomy erami, OyJio NpUIHHATO MIMPHHY TMOJMI[ B HPHOMOPHIiH
30HI T'OJIOBHUX OQJIOK Ta CTBOPEHO BIANOBIAHUI OJUHUYHMN KOPUCTYBalbKHi coprameHT. Ta, Ha
LIOCTOMY €Tarli, pe3yJIbTaTH Ii100py TOJOBHHUX 0aJI0K OyJIM 3a HEOOXiJHOCTI 10JATKOBO YTOYHEHI.

[1inOip KONOH HACKpi3HOTO mepepidy OyB BUKOHAHUH HIIIXOM MOCIHIZOBHOIO YTOUHEHHS
MOTIEPEYHHX MEePEPi3iB Ta iX KOPCTKOCTEH B CKIHUCHHO-SIIEMEHTHIH MOJIETI.

1. BsiuecaB Azamenko. PO3BHTOK METO/IIB PO3PaxyHKy i KOHCTPYIOBaHHS cTaneBHX OyaiBesns i criopya: Bif Eitdenesoi
Bexxi 10 HamioHanbHOro cramioHy ciHramypcbkoro crnoptuBHoro komiuiekcy / B.M. Anamenko //BynienbHi
koHcTpykuil. Teopis i1 mpaktuka — Bum. 11. — KHYBA, 2022. — C. 32-43. DOI: https://doi.org/10.32347/2522-
4182.11.2022.32-43 .
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The question of the development of methods for calculating and detailing steel buildings, as
well as the current state of these methods, is addressed in article [1]. Despite the high level of
development of modern software for calculating building structures, their correct use requires
specialized knowledge and skills from the design engineer. Additionally, when structural elements
have composite cross-sections, it is necessary to develop a methodology and sequence for selecting
the appropriate structural elements.

The paper presents an algorithm for the computer calculation of steel structures with a
composite cross-section by means of a step-by-step selection and refinement of the stiffness of the
cross-sectional elements through the creation of custom assortments in the software package "Lira-
SAPR".

The steel working platform of an industrial building with dimensions of 14m x 48m consists
of main girders with a span of 16m (3x16m), secondary beams with spans of 8m and 6m, and
composite columns. The floor level of the working platform is 7.4m, and the spatial stiffness of the
frame is ensured by cross and portal ties.

A finite element model of a steel frame was created using the Lira-SAPR software. The model
included finite elements of the main beams, floor beams, columns, cross and portal braces, and
boundary conditions for the columns, hinges and supports for the main beams and floor beams, as
well as material properties and additional characteristics of all the elements in the computational
model. Loads were applied directly to the floor beams in the form of self-weight, floor load, and
live load (16 kPa). The design was calculated using load combination methods.

First, the results of the selection of double-T profiled floor beams were analyzed. After the
selection process, the actual stiffness values were incorporated into the finite element model, and
their compliance with the requirements of the 1st and 2nd limit state groups was checked. If they
did not meet these requirements, the process was repeated until the values satisfied the specified
requirements.

The selection of composite section main beams was carried out in several stages. At the first
stage, based on the analysis of the calculation results using the "Lira-SAPR" software and design
considerations, the web height of the main beams GB-1, GB-2, and GB-3 was determined, and a
user-defined range was created with the chosen web height and different thicknesses of steel strips.
At the second stage, the final web thickness was adopted, and the corresponding user-defined range
was created. At the third stage, the thickness of the flanges of the main beams was determined, and
a user-defined range was created with the chosen flange thickness and different widths of steel
strips according to the existing range of profiles. At the fourth stage, the flange width in the span
was determined, and the corresponding user-defined range was created. At the fifth stage, the flange
width in the support zone of the main beams was determined, and the corresponding user-defined
range was created. Finally, at the sixth stage, the results of the selection of the main beams were
further refined if necessary.

The selection of composite columns was carried out by sequentially refining the cross-
sections and their stiffness in the finite element model.

1. Viacheslav Adamenko. Rozvytok metodiv rozrakhunku i konstruiuvannia stalevykh budivel i sporud: vid
Eifelevoi vezhi do Natsionalnoho stadionu sinhapurskoho sportyvnoho kompleksu / V.M. Adamenko //Budivelni
konstruktsii. Teoriia i praktyka — Vyp. 11. - KNUBA, 2022. — P. 32-43. DOI: https://doi.org/10.32347/2522-
4182.11.2022.32-43 .
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Po3paxyHok ¢inbrparii B IpyHTaX Mae BeJIMKE 3HAUYEHHS y TIAPOTEXHIYHUX i OyHiBENbHHX
MPOEKTax, e HeOOXiHO 3a0e3MeUNTH CTIHKICTh IIPOTEXHIYHUX CIIOPYA 1 3aXMCT BiJI MiATOIIICHD
Ta 3cyBiB. KoHTposs 3a mponecom QinbTpalii Moke TOMOMOTITH 3MEHIINTH BUTPATH HAa PEMOHT Ta
MiATPUMKY iHGPACTPYKTYpH, a TaKoX 30LIBIINTH ii TpHBAIiCTh eKCILTyaTawil. OCHOBHI BUIIAJKU
3aCTOCYBaHHS PO3paxyHKy (imbTpamii - OIIHKAa BTPAaT BOAM 3 BOJOCXOBHII, BH3HAUCHHS 30H
3MOUYBaHHs, MPOSKTYBAHHS JPEHAKHUX CHCTEM, IIAXT, TYHEIiB MeTPO TOI0. MOoJeIoBaHHS
GinpTpaniffHUX mpoleciB HaMKpalle BHKOHYBATH Y CHEIiali30BaHUX MPOrpaMax MeETOIOM
CKIHUEHHHUX ejeMeHTiB, Takux sk [TK JIIPA 10, me 3amaua cramionapuoi (inbrparii peamizyerbest
Ha ocHOBI 3akoHy Jlapci. v =—K -grad h. PisustHust cranionaproi ¢insrpauii Moxke OyTH 3amuicane
y BUIJISLI:

—div(K -gradh) =0; )

h="P 4 z; )
p-g
Jie p — OpOBHiA THCK, h — Hamip pigueK, p — rycTrHa pimgunn, K — koedimienT Qinbrparii rpyHTy.
I'pannuni ymMmoBH MOXYyTh OyTH 3a/1aHi y BOX BHJax. Ha Bomoymnopi mBuAKiCTb (GinbTpariiB

. oh . .
HaInpsIMKy I'paHHLi HyJ1b0Ba, T06TO K n = 0./lpyruii BHI rpaHUYHOI YMOBH — 1I¢ BUCOYYBaHHS Y1
n

JOpeHax, ado i e Ha3UBaITh IPAHUYHOI0 YMOBOIO €KPaHyIOUOro LIapy:

Vn = RO . p (3)
ge Vo — 1Ll KOMIOHEHT INBMAKOCTI DIIMHM Ha MEXi BHCOUYBaHHA B HaNpPAMKY,
MEePIeHANKYIAPHOMY 10 30BHIIIHBOI MOBEPXHI, a Ro— koediieHT dinpTpanii ekpanyodoro mapy.
YMOBa BHCOYYBAHHS Ha TPAHUIl 33aA€ThCS 332 JOIOMOTOI0 CHELiadbHUX CKIHUCHHHX EJIEMCHTIB
€KpaHyIouoro Iuapy.

PesynpraToM po3B’A3Ky 3amadi (inpTpamii € 3HAUCHHS MOPOBHX THCKIB Ta IIBUAKOCTEH 1
HaINpsMKIB PyXy PIANHHU y HENTIHIHHAX IPYHTOBUX CKIHUCHHHX €JICMCHTaX. Takoxk po3paxoByeThCs
J0/IaTKOBA KOMIIOHEHTA HAIPY>KEHb Y IPYHTI, sIKa BUKJIMKaHa IIOPOBUM TUCKOM:

; 4

Gjj =0C % -p-§;

I Cij—TIOBHA KOMIIOHEHTA BiINOBIJHOTO TEH30pa HANpYKEHb, 0i’ — MOYATKOBA KOMIIOHEHTA
TEH30pa HANpy)KeHb 0e3 BpaxyBaHHsA BIUIMBY (inbTpamii, P-dij - KOMIIOHCHTA BiIIIOBIJHOTO
KOMIIOHEHTa TEH30pa HANpPY)XeHb, 10 BUKIMKAHA HECKOMIICHCOBAHOIO Ji€I0 IMOPOBOTO THCKY
(po30yxaHHs).

Iporpamunii komruieke JIIPA 10 Moke BUpillyBaTH K IUIOCKI, Tak i TpUBHUMIpHI 3a1aui. [Tnocka
3aja4a MiAXOJUTh Kpame A1 00’ €KTiB BEIUKOI IPOTSHKHOCTI 3 IOCTIHHUM IIepepi3oM, HAaIPUKIAL,
namba BomocxoBHia. Lleit 06’ekT MokHA e)EKTHBHIIIE MOJEIIOBATH SK Hepepi3, Mo OyIyeThest
eJIeMEeHTaMH IUIOcKoi nedopmanii IpyHTY, L0 3MEHIIUTh 4Yac PO3PAXyHKY IOPIBHAHO 3
TPUBHUMIPHUM pO3paxyHKOM. OpHaK, KO0 00’€KT Mae CIenu(idHi po3MipH Ta BIACTUBOCTI
MaTepiaiiB, sKi BIUIMBAIOTh Ha IOBEJAIHKY MOJENi y BCIX HampsMKax, TOJI INpaBHJIbHO Oyje
paxyBaTH IOBHY TPHUBUMIpHY 3a7ady 3 BiINOBIIHUMH PO3MIpaMH.

1. Applied Soil Mechanics: with Abaqus application. Sam Helwany. John Wiely& Sons, Inc. 2007, - 385p.
2. Abaqus 6.11 Theory Manual. - USA, Providence, RI., 2011, - 1172 p.
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The calculation of filtration in soils is of great importance in hydraulic engineering and
construction projects where it is necessary to ensure the stability of hydraulic structures and
protection against flooding and landslides. Controlling the filtration process can help reduce the cost
of repairing and maintaining infrastructure, as well as increase its service life. The main
applications of the filtration calculation include estimation of water losses from reservoirs,
determination of wetting zones, design of drainage systems, mines, subway tunnels, etc. The
modeling of filtration processes is best performed in specialized finite element programs, such as
LIRA 10, where the steady-state filtration problem is solved on the basis of Darcy's law
v =—K-grad h. The equation of stationary filtration can be written in the form:

—div(K -grad h) =0; @

h="P z; @
p-9
wherep is the porepressure, h is the elevation of the water surface, p is the fluid density, and K is the
permeability. Boundary conditions can be specified in two ways. At the water retaining wall, the

filtration rate in the direction of the boundary is zero, i.e KZ—:: 0. The second type of boundary

condition is elevation or drainage, or it is also called the shielding layer boundary condition:
whereVn is the component of the pore fluid velocity in the direction of the outward normal to the
surface, and Ro is the seepage coefficient. The seepage condition at the boundary is set using special
finite elements of the screening layer. The result of solving the filtration problem is the values of
pore pressures, fluid velocities and its directions in nonlinear soil finite elements. An additional
stress component in the soil caused by pore pressure is also calculated:

y (4)

Gjj =of —p-J;
where gij is the full component of the corresponding stress tensor, i is the initial component of the
stress tensor without taking into account the effect of filtration, p-dij is the component of the
corresponding component of the stress tensor caused by the uncompensated effect of pore pressure
(swelling).

The LIRA 10 software package can solve both planar and 3D problems. A planar problem is
better suited for long objects with a constant cross section, such as a reservoir dam. This object can
be modeled more efficiently as a cross-section constructed by plane soil deformation elements,
which will reduce the calculation time compared to a three-dimensional calculation. However, if the
object has specific dimensions and material properties that affect the behavior of the model in all
directions, then it is correct to calculate the full three-dimensional problem with the appropriate
dimensions.

1. Applied Soil Mechanics: with Abaqus application. Sam Helwany. John Wiely& Sons, Inc. 2007, - 385p.
2. Abaqus 6.11 Theory Manual. — USA, Providence, RI., 2011, — 1172 p.

34



3aco0u 3He3apaskeHHs, iOHi3aUil Ta ouMLIeHHS NOBITPS
Y CXOBHIIAX HUBITBHOIO 3aXUCTY

Banenmun I'nusat,00xmop mexuiunux nayk, 3asioysau kagedopu gizuxu,
https://orcid.org/0000-0003-1257-3351

Bacuns Hazapenxo?,00xmop Gionoziunux Hayx, 3a6ioyeau aabopamopii Qizuunux gaxmopis,
https://orcid.org/0000-0002-5238-4312

Hamania Bypoeiina®, xanoudam nedazoziunux nayk, npodecopragedpu gizuxu,
https://orcid.org/0000-0002-2812-1387

HOpiii JIeono6?, nayxosuii cniepobimnux 1a6opamopii no 6UsHeHHIO i HOpMY6aHHIO (izuunux
¢axmopie supodnuuozo cepedosuwya, https://orcid.org/0000-0001-6625-2786

Kuiscoruti nayionansnuil ynisepcumem 6yoisnuymea ma apximexmypu(m. Kuis)
21V " Incmumym meduyunu npayi imeni 0.1, Kynoicea HAMH Yrpainu'(m. Kuis)

Oco0NMBICTIO NPUMIIIEHb CXOBHIN IUBUIBHOIO 3aXHCTY € OZHOYACHA MPHUCYTHICTH BEIMKOI
KUIBKOCTI JIFOJIell Ta 11X wiibHe posMimieHHs. lle oOyMOBIO€ HEraTuBHI TEHJEHINI II0J0
MOTiPIICHHS SIKOCTI MOBITPSI — HOro AeioHi3alis, MiABUIIECHHS KOHICHTPALIH aepo30Iell BHACIIIOK
JMXaHHS TOLIO, HAaBiTh 33 YMOBH INTATHOrO (DyHKIIOHYBaHHS CHCTEM BEHTHILILII, (IIBHAKICTH
CIIPSIMOBAHOTO PYXY MOBITpsi 0OOMEKeHa BUMOTaMu caHiTapHHX HOpM). Kpim Toro, yactuHa mroaeit
Moe OyTH XBOpOIo a00 HocismH iH(ekwii. 1le moTpebye 3HE3apakeHHs MOBITPs, HOro ioHi3awil Ta
OYMIIEHHS BiJI MeXaHIYHUX JoMimoOK. TpaauuiiiHi 3acoOu 3He3apakeHHs — PTYTHI JIaMIIH
3a00pOHEHO BHMKOPUCTOBYBATH Yy HpHCYTHOCTI mrofeil. [IpomoHyeTbcs i Takux Iinei
3aCTOCOBYBATH CBIiTJIOIONH YJIHTPAd)iONeTOBOr0 BUMPOMIHIOBAHHS. IX MOJKITMBO BUKOPHCTOBYBATH
y mpucyTHOcTi mopeit (BHCHOBOK Aep)KaBHOI CaHITApHO-CIiIEMIONOTiYHOI EKCIEPTH3U BifJ
03.03.21p. Ne 12.2-18-3/4649). € 1uHe 0OMEKECHHS — pO3TalllyBaHHS BUIIPOMIHIOBAYiB Ha BiJCTaHi
2M Big Jojeil 3 JOoTpUMaHHAM BUMOTr Oiosoriunoi Gesmeunocti 3a JICTY EN 62471:2017
“BesnevHicTh amit i 1aMnoBux cucteM dotobiomoriuna (EN 62471:2008, IDT; IEC 62471:2006,
MOD)”. TlpoBeseHi eKCHEpUMEHTaJbHI JOCTIDKEHHS [IOJ0 BIUIMBY  yJIbTPadioieToBHX
CBITJIOAIO/IB y IPUCYTHOCTI Jrosieid. Jlisi eKcriepuMeHTiB BUKOPUCTOBYBAIIUCS cepTH(IKOBaHI TeCT
- CHCTEMH JUIS BUSIBJICHHS 3aTaJIbHOI KUTBKOCTI MIKpOOPTaHi3MiB Ta BHSBJICHHS ILTICHSABUX I'pHOIB
(BupoOuuTBo R-Biopharm AG, Himeuunna) i niunnsHuk aepoionis Ty MAC-01 (koHenTpartii
aepoioHiB 060X mHoMApHOCTed). JOCHiAM NPOBOMMINCA y HpUMimeHHi 06’emom 160 M° i3
3aCTOCYBaHHAM 5 BHIPOMIHIOBAYiB 3arajbHOI0 MOTYXHiCTIO 25 BT. 3aranpHa TpuBaIicTh
yIbTpadioaeTOBOro BUIPOMIHIOBAHHS CKiIaaana 3 Micsll, BU3Hayanacs 3a0pyaHEHICTh IIOBEPXOHb
GakTepiil Ta rpubaMu 10 MOYAaTKy SKCHO3MLIl Ta micys Hel. OmiHIOBaHHS 3a0pyAHECHHS IPUMILICHb
MpoBe/IeHO 3riaHO0 cTanaapty SBM — 2015.

BcTaHoBIEHO, O KiNBKICTh OakTepili Ha KOHTPOJIBHHX HMOBEPXHAX 3HM3MIACH y 5—6 pasis,
rpubiB — maibke y 20 pasi. IIpn 1pomMy KOHIEHTpaLii aepoioHiB 000X mossipocTedt (a+ a-)
migeunmmcs 3 300-400 em o 1100-1200 cm™ (minimanpHa nomycTuMa KoHIeHTpauis: a+= 400
em3,a.= 600 cm™d).

TlepeBaroro Takoro MeTojay ioHi3alii MmoBiTps € mBuaKe (y MeXaxX KiJIbKOX XBHUIIHMH)
3pOCTaHHA KOHIIEHTpaLil aepoioHiB 000X 3HakiB. [Ipu 1poMy Ha BiAMIHY Bif BiZoMHX 3aco0iB
mMTy4HOI 1OHI3amii TOBITPSA KOHIEHTpAlii aepoioHIB IiJ BIUIMBOM  YJIBTPaghioseTOBOTO
BHUIIPOMIHIOBAHHS BIAPIZHSIOTHCS y MEXax NMPUMILICHHS y MeXaxX MOXUOKH BHUMIPIOBaHb, TOOTO
BiZICYyTHS HEOOXiJHICTh PO3CIIOBAHHS 10HIB BiA JpKepena ioHi3amii CIIPAMOBAHHM PyXOM HOBITpS,
SKE EPEHOCUTH COOOK0 IPIOHOANCIICPCHHMIT I TA aepO30JIi.

JlocTaTHsi KOHILEHTpalisi aepoioHiB 3abe3mneuye Japeid apiOHOAMCHIEPCHHUX aepo3oiieil Ta
Ty 10 IOBEPXOHB, JI€ BOHM OCINAIOTH 1 yTPUMYIOTHCS BHACHINOK enekrpusauii. [lepeBaroro
JIaHOTO CHOCO0y € MIBHAKE OTPUMaHHs NOTpiOHOTrO edekty. IIpH 1bOMyY Mase eHeprocroXXHBaHHS
JO3BOJISE MiATPUMYBATH CXOBHUIA y HAJICKHOMY CTaHI TOTOBHOCTI 3a BIACYTHOCTI mOTpedu y ix
BUKOPUCTAHHI.
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A distinctive feature of civil protection storage facilities is a simultaneous presence of a large
number of people and their dense placement. This leads to negative trends in the deterioration of air
quality — its deionization, increased concentrations of aerosols due to breathing, etc., even with the
normal functioning of ventilation systems (the speed of directional air movement is limited by the
requirements of sanitary standards). In addition, some people may be sick or carriers of infections.
This requires air disinfection, its ionization and cleaning of mechanical impurities. Traditional
means of disinfection —low pressure mercury lamps are prohibited to be used in the presence of
people. It is suggested to use UV LEDs lamps for such purposes. They can be used in the presence
of people (Sertificate of the State Sanitary and Epidemiological Examination is dated 03.03.21 No.
12.2-18-3/4649). The only limitation is the location of the UV LEDs lamps at a distance of 2 m
from human body in compliance with the requirements of biological safety according to DSTU EN
62471:2017 "Safety of lamps and lamp systems photobiological (EN 62471:2008, IDT; IES
62471:2006, MOD)". Experimental studies on the effect of ultraviolet LEDs in a presence of people
have been carried out. Certified test systems for the detection of the total amount of microorganisms
and a detection of mold fungi (manufactured by R-Biopharm AG, Germany) and an aeroion counter
of the MAS-01 type (concentration of aeroions of both polarities) were used inthe experiments. The
study were carried out in three premises with a volume of 160 m® using 5 emitters with a total
power of 25 W. The total duration of ultraviolet e[posure was 3 months, 8 hours a day. The
contamination of work surfaceses with bacteria and fungi was determined before and after
exposure.

The assessment of the contamination of the premises was carried out in accordance with the
Guidelines SBM — 2015 (Germany). It was established that the quantity of bacteria on the control
surfaces decreased by 5-6 times, fungi — by almost 20 times. At the same time, the concentrations
of aeroions of both polarities (a-+, a-) increased from 300-400 cm to 1100-1200 cm (minimum
permissible concentration: a+= 400 cm®, g-= 600 cm™3).

The advantage of this method of air ionization is the rapid (within a few minutes) increase in
the concentration of aeroions of both polarities. At the same time, in contrast to known means of
artificial air ionization, the concentrations of air ions under ultraviolet radiation in the premise
volume were within the measurement error, i.e. there is no need to scatter ions from the source of
ionization by the directed movement of air, which carries fine dust and aerosols.

A sufficient concentration of aeroions ensures the drift of finely dispersed aerosols and dust to
surfaces, where they settle and are retained due to electrification. The advantage of this method is to
quickly obtain the desired effect. At the same time, low energy consumption allows to maintain
civil defense storage facilitiesin a proper state of readiness when there is no need to use them.
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Merta — uocni)mcemm CKCIIEPUMEHTAJIBHUM I[UJIAXOM BIUIMBY TUIIY HOPTIAHALECMEHTY Ha

MIIHICTB IPH CTHCKY 3pa3KiB 3IPyHTOOCTOHY.

ITocranoBka CKCIICPUMEHTY .

IIpu BUnpoOyBaHHAX PO3MIISTHYTHX BapiaHTIB 3pa3KiB 3 IPYHTOOCTOHY MPUIMAIIUCh:

- cranzgaprHi 3pasku Ky6iB 70x70x70 mm (puc.1);

- KUIBKICTB 3pa3KiB OJTHOTO 3amicy — 3 IIT.;
- CKJIaJ IPYHTOOETOHY, BUTPATH, Mac %: IPyHT, IEMEHT, BOJA.

Jns mepumioro BapiaHTy NpHAHATHH mopriaHaueMeHT Mapkun M500 BupoOHHITBA

Kpusopizskoro nementnoro 3asony [TAT «Xaiinensoepr Llement Ykpaina».

Jns  npyroro

AO «IIoaiIbCHKUN LIEMEHT.

BunpoOyBanHs 3pa3kiB-Ky0iB IpyHTOOETOHY mIpoBomiocsk BimmosinHo no JCTY b B.2.7-
224:; 2009 [1] i ACTY B B.2.7-214: 2009 [2] pisHoro ckiuaxy y JsabGoparopii kadenpu
3a11300eTOHHUX 1 Kam'ssHuX KoHCTpykuiii [IJABA. Pe3dynbratn BunpoOyBaHb MIIIHOCTI Ha CTHUCK

HasejeHi B Tabm. 1.

PR, it

% Ay

L
Puc.1-B

UTOTOBJICHHS 3pa3KiB IPYH

BapiaHTy NPHHHATHI noOpTIaHaueMeHT Mapku M500

TobeTony 70x70x70 MM Ta 3aranbHuil BUTIISA

Tabmuus 1 — Pe3ynbratu BUnpoOyBaHb 3pa3KiB IPYHTOOCTOHY HA CTUCK

BUPOOHHITBA

MiLHICTh Ha CTHCK IPYHTOOETOHY B 3QJIXKHOCTI BiJl THITY NOPTIAHILEMEHTY

T «XaiigeHOepr nemMeHT»

1L «Kawm’sinenib- [Toainbehi»

1, | 543/48,52=111 krc/cm’— ms ~M100 1, | 399/48,63=82 xrc/em? — mst ~ 110
po34uHy po34uny M75
543/48,52=111*0,85=95 krc/cm’— 39,9/48,63=82*0,85=69 —

JUIs1 6eTOHY Kre/em? st 0eToHy

21 | 246,5/48,42= 50,9 krc/em’—mst ~ 10 M50 | 2; | 350/47,84= 73 krclem® s ~ 110
po34uHy po34uHy M50
246,5/48,42=50,9*0,85= 43 350/47,84=73*0,85= 62
kre/em’— aist 0eTony Kkre/em’— aust 0eToHy

31 | 354/47,95=73,8 xrc/em’ — mas ~ 10 M75 | 3; | 225/47,83=47 krc/em? ans ~ 10
po3uuHy po34uuHy M35

354/47,95=73,8*0,85=62 — krc/cm?
-1J151 GETOHY

22,5/47,83=47*0,85=39krc/cm*~
1151 6eTOHY

1. ACTY b B. 2.7- 224:2009. bynisenbHi MaTepianu. beToHM mpaBuiia KOHTPOIIO MIITHOCTI. - HAJAHO YMHHOCTI

2009-12-22. — Kuis: Minperion6yn Ykpainu, 2010. =23 c.

2. ICTY b B. 2.7- 214:2009. byaisenbni mMarepianu. beronn. Metoan BU3HAYEHHS MILHOCTI 32 KOHTPOJBHUMH

3paskamu - Hagano ynHHOCTi 2009-12-22.— Kuis: MiuperionOyx Yipainu, 2010. 43 c.
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The purpose is to study experimentally the effect of the type of Portland cement on the
compressive strength of soil concrete samples.

Setting up the experiment:

In the tests of the considered variants of soil concrete samples, the following were accepted:

- standard samples of cubes 70x70x70 mm (Fig. 1);

- number of samples of one batch — 3 pcs.;

- composition of soil concrete, consumption, mass %: soil, cement, water.

For the first option, M500 Portland cement produced by Kryvyi Rih Cement Plant, PJSC
"Heidelberg Cement Ukraine™ was accepted.

For the second option, M500 Portland cement manufactured by JSC "Podilsky Cement" was
accepted.

The testing of samples-cubes of soil concrete was carried out in accordance with DSTU B
V.2.7-224: 2009 [1] and DSTU B V.2.7-214: 2009 [2] of different compositions in the laboratory of
the Department of Reinforced Concrete and Stone Structures of the State Academy of Arts and
Sciences. The results of compressive strength tests are shown in Table 1.

Fig. 1 — Production of 70x70x70 mm soil concrete specimens and general view
Table 1 — Results of compression tests of soil concrete samples

Compressive strength of soil concrete depending on the type of Portland cement

Heidenberg Cement PC Kamianets-Podilskyi PC

1; | 543/48,52=111 kgf/cm?—for mortar | ~M100 | 1; | 399/48,63=82 kgf/cm?— for mortar | ~ up to
543/48,52=111*0,85 =95 kgf/cm? — 39,9/48,63=82*0,85=69 —kgf/cm® | M75
for concrete for concrete

21 | 246,5/48,42=50,9 kgf/cm? - for ~upto |2 | 350/47,84= 73 kgf/cm?— for mortar | ~ up to
mortar M50 350/47,84=73*0,85= 62 kgf/cm?~ | M50
246,5/48,42=50,9*0,85= 43 kgf/cm?— for concrete
for concrete

3; | 354/47,95=73,8 kgf/cm?— formortar | ~upto | 3; | 225/47,83=47 kgf/cm?— for mortar | ~ up to
354/47,95=73,8*0,85=62 — kgf/cm? M75 22,5/47,83=47*0,85=39 kgf/cm?~ | M35
for concrete for concrete

1. DSTU B V. 2.7- 224:2009. Construction materials. Concrete rules for strength control. - Given effect on 2009-12-
22. - Kyiv: Ministry of Regional Development of Ukraine, 2010. -23 p.

2. DSTU B: 2.7- 214: 2009. Construction materials. Concretes. Methods of determination of strength by control
samples - valid from 2009-12-22 - Kyiv: Ministry of Regional Development of Ukraine, 2010. 43 p.
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CTHCHYTI eleMEHTH SBJISIOTbCS OCHOBHUMM 1 HAMOUIBII BIIMOBIIAIBHUMH €JIEMEHTaMH
0601 KOHCTPYKTHBHOI CHCTeMH. 3rigHO mojoxeHb [1] mepeBaxkHa OimbmiicTh 3ami300eTOHHHX
CTUCHYTHX €JIEMEHTIB B KapKacHUX OY/iBIISIX BIJHECEHI J0 KJIacy KOJIOH.

Jlns po3paxyHKIB 3a7i300€TOHHUX €JIEMEHTIB 32 MILHICTIO Iepepi3iB HOPMAaIbHHX J0
II03I0BXKHBOT OCi eIeMEeHTa IPU MO3aLEHTPOBOMY CTHCKY-PO3TATY BUKOPHCTOBYIOThH Pi3HI METOJIH.
B rabmuni 1 nomano xiacugikamio METOIB pO3paxyHKy, iX 0COOJIMBOCTI , BIAMIHHOCTI Ta Mexi
BUKOPHCTAaHHS. BiAMIHHICTH MK HHMH, B OCHOBHOMY, IIOJISITA€ B XapakTepl OMHMCAHHS 3B 3Ky
MDKHAIPYKCHHAMHO, T4 BITHOCHUMH JAe(QOpMalliiMHUE B CTHCHYTOMYy OCTOHI IpH BHU3HAYCHHI
BHYTPILIHIX 3yCHIIb B IIEpepisi.

Tadomamus 1. Knacudikauist METO1iB po3paxyHKy CTHCHYTHX IepepisiB.

Mertox po3pa- Bup niarpamu nedopmysanns | Bun emopu HanpyskeHb B | Meski BUKOPHCTaHHSI METOLY
XYHKY 6eToHy CTHCHYTIH 30Hi O€TOHY PO3paxyHKy
1 ¢ —= PexomenoBannii Hopmamu [1,2]
SaranbHuit - - JUIsL BCIX MOKIIMBHX Hepep3iB.
nedopmartiitanit
e
2 —  fea PexomennoBanuii Hopmamu [1]
Cnporenuit > ] JUIs riepepisiB npoctoi
nebopmariiHuit d reoMeTpuyHoi hopmu
L
3 fos PexomennoBannit Hopmamu [2]
Cnporenuit : | - JULSL BCIX MOJKIIMBHX IIepepi3iB.
o ™ H
nepopmarinauit : !
| |
L —
Ec2 Ecuz  Ec

Hopmu [1,2] 103BOJIAIOTE TAKOXK BUKOPUCTOBYBATH UIS TIONIEPEIHIX PO3PAXyHKIB MPOIIEHHI
METO/]1 31 CKOPOUEHOIO MPSMOKYTHOIO €MIOPOI0 CTUCHOT 30HU OETOHY.

B po0oTi HaBOAATHCS pE3yNbTaTH IIPOBEACHHUX IIOPIBHAIBHUX PO3PAaxyHKIB IIepepisis
CTUCHYTHX 3aJli300€TOHHHX KOJIOH 3a pIi3HUMH MeTojamu. LIULTF0 TOCHTIKeHHS SIBISIIHCH:
BUSIBIICHHSI MOJKIIUBOCTEIl MPAKTHYHOI peai3aumiiMOKINBUX METOMAIB PO3PAXyHKY CTHCHYTHX
€JIEMEHTIB Ta YKCJIOBA 1 SIKICHA OLliIHKA OTPUMAHUX PE3YJIbTATIB.

B 3anexxHOCTI Bij po3ramryBaHHS CTHCKYI04ol cuiv Ned 10 BiJIHOIIGHHIO IO IIEHTpa Baru
nepepisy KOJIOHH MO’KE BHHHMKATH BHIAJOK BEIMKHX EKCHEHTpUCHTETIB, Ko ¢ = X/d<ljim,
IBUTTAIOK MalMX EKCLEHTPUCHTETIB — Komnm ¢>Cjim. BusBIEHO, O MpM BENMKHX EKCIEHTpH-
CUTETax BHUJ CIIOPU HANpyXeHb Majo BIUIMBA€ HA pe3yJbTaTH po3paxyHkKiB. Ilpum mammx
SKCIICHTPUCHUTETAX, KOJM Hecydya 3[aTHICTh mepepizy (opMyeTbCsi B OCHOBHOMY CTHCHYTHM
0eTOHOM, IIel BIUIUB € JOCHTh CYTTEBUM IIPH OLIIHII HECY4Oi 3/JaTHOCTI KOJIOH.

1. IBH b.B.2.6-98:2009. Kouctpykiii OyauHkiB i cropyn. Beronni Ta 3amizobetonHi koHCTpyKuii. OCHOBHI
nosoxenns. — Kuis, Minperion6ynVkpaiuu, 2011.

2. €pokon 2. IlpoektyBaHHs 3ani300eTOHHMX KOHCTpYyKLiil. Yactuna 1-1.3aranbHi mpaBuia i mpaBuia Uit
cropy (EN 1992-1-1:2004 Eurocode 2) /Bproccens, CEN, 2004, 225¢.
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Compressed elements are the main and most responsible elements of any structural system.
According to [1], the overwhelming majority of reinforced concrete compressed elements in frame
buildings belong to the column class.

Various methods are used for calculating reinforced concrete elements by the strength of
normal sections to the longitudinal axis of the element under eccentric compression-tension. Table 1
provides a classification of calculation methods, their features, differences, and limitations. The
main difference between them lies in the nature of describing the relationship between stresses
a.and relative strains £,in the compressed concrete when determining internal forces in the section.
Table 1. Classification of methods for calculating compressed sections.

Calculation The type of concrete The type of stress-strain The limits of use of the
method deformation diagram curve in the compressed calculation method
zone of concrete

¢ - Recommended by standards [1,2]
1 ~ - for all possible cross-sections.
General

deformation

—_—
~— fa Recommended by standard [1] for
2 ' - % cross-sections of simple
Simplified i geometric shape.
deformation :
Ec3 Ecuz_Ec
o4 fea Recommended by standard [2] for
3 ; ! = all possible cross-sections.
Simplified ; i
deformation ! :
i | —
8'(:2 Ecuz  Ec

Norms [1,2] also allow for the use of a simplified method with a reduced rectangular stress-
strain diagram of the compressed zone of concrete for preliminary calculations.

The article presents the results of comparative calculations of compressed reinforced concrete
column cross-sections using different calculation methods. The aim of the study was to identify the
practical possibilities of the possible methods for calculating compressed elements and to provide a
quantitative and qualitative assessment of the results obtained.

Depending on the location of the compressive force Ned relative to the center of gravity of the
column cross-section, there may be a case of large eccentricities when ¢ = x/d<&im, and a case of
small eccentricities when &>dim. It was found that in the case of large eccentricities, the shape of the
stress-strain diagram has little effect on the calculation results. In the case of small eccentricities,
when the load-bearing capacity of the cross-section is mainly formed by the compressed concrete,
this effect is quite significant in evaluating the load-bearing capacity of the column.

1. DBN B.V.2.6-98:2009. Building structures. Concrete and reinforced concrete structures. Basic provisions. -
Kyiv, Ministry of Regional Development and Construction of Ukraine, 2011.

2. Eurocode 2. Design of concrete structures. Part 1-1. General rules and rules for buildings (EN 1992-1-1:2004
Eurocode 2) /Brussels, CEN, 2004, 225p.
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Leverage of advanced CBFEM and CSFM methods in Structural
Engineering practice

Jana Kaderova, MSc., PhD , Product Engineer

IDEA StatiCa (Software developer company) (Brno, Czech Republic)

CBFEM (Component Based Finite Element Model) is general enough to be usable for
most of the joints, footings, and details in engineering practice. Simple and fast enough in daily
practice to provide results in a time comparable to current methods and tools.Comprehensive
enough to provide structural engineer clear information about joint behavior, stress, strain, and
reserves of individual components and about overall safety and reliability.

The CBFEM method is based on the idea that most of the verified and very useful parts of
CM (Component method) should be kept. The weak point of CM — its generality when analyzing
stresses of individual components — was replaced by modeling and analysis using the Finite
Element Method (FEM). Both webs and flanges of connected members are modeled using shell
elements in the CBFEM model for which the known and verified solution is available.

The fasteners — bolts and welds — are the most difficult in the point of view of the analysis
model. Modeling of such elements in general FEM programs is difficult because the programs do
not offer the required properties. Thus, special FEM components had to be developed to model the
welds and bolts behavior in a joint..

‘ [ ) Fig. 1. Comparison of the
Tae [ed standard and advanced
solutions: a -IDEA StatiCa
model; b -Component model

1 - column web in shear, 2 - column web in compression, 3 — beam

flange and web in compression, 4 - column flange in bending, 5 - bolts

in tension, 6 — end plate in bending and 7 — column web in tension

a b
CSFM (Compatible Stress Field Method) is a continuous FE-based stress field analysis

method in which classic stress field solutions are complemented with kKinematic considerations, i.e.,
the state of strain is evaluated throughout the structure. Hence, the effective compressive strength of
concrete can be automatically computed based on the state of transverse strain in a similar manner
as in compression field analyses that account for compression softening (Vecchio and Collins
1986; Kaufmann and Marti 1998) and the EPSF method (Ferndndez Ruiz and Muttoni 2007).
Moreover, the CSFM considers tension stiffening, providing realistic stiffnesses to the elements,
and covers all design code prescriptions (including serviceability and deformation capacity aspects)
not consistently addressed by previous approaches. The CSFM uses common uniaxial constitutive
laws provided by design standards for concrete and reinforcement. These are known at the design
stage, which allows the partial safety factor method to be used. Hence, designers do not have to
provide additional, often arbitrary material properties as are typically required for non-linear FE-
analyses, making the method perfectly suitable for engineering practice.

b

Fig. 2. Basic assumptions of the CSFM: a
stresses in the reinforcement direction;
b) stress-strain diagram of reinforcement

4 Ey

™) .
+ E » E‘;Z' gr(acilxlxrc ; in terms of stresses at cracks and average
Spi ) strains
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Kuiscokuti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu (m. Kuig)

Jlns sikicHOTO BHOOpPY OyAiBeIbHOI KOHCTPYKIIT Ta JOLIIBEHOTO 1 €)eKTHBHOTO BUKOPUCTaHHS
OyiBEJIbHUX MaTepialiB 3aCTOCOBYIOTH ONTHMAJIbHE MPOEKTYBaHHA. ONTUMaIbHE IPOSKTYBAHHS €
KOMIUIEKCHOIO 3ajlauero, sfka IOTpedye BpaxyBaHHA MAaKCHMalbHY KITbKICTh YHMHHHKIB JUIS
00’€KTHBHOTO aHaNi3yBaHHA MiAOOpY TOBIIMHM MpPOKATHOI crami. B cydacHOMy NpoeKTyBaHHI
MOEIHAHHS YMCEJIbHUX MAaTEMAaTHYHMX METOJIB aHAJi3y MPOCTOPOBHX OyIiBEIbHUX KOHCTPYKLIM
IIPY ONTHMAaJIbHOMY IIPOCKTYBAaHHI 1a€ MOKJIMBICTH CTBOPIOBATH HOBI METOJMKH PO3PaxyHKY, Ta B
LIJIOMY PO3IJISIHYTH HPOEKTYBaHHs Oy1iBEJIbHUX KOHCTPYKILiH 3 HOBOT TOUYKOIO 30py.

BinpmicTs ONTUMI30BaHUX aITOPUTMIB IIOTPEOYIOTH OOUNCICHHS HE TIIBKU 3HAYECHb [IIHOBOT
(hyHKIIIi, sIKa ONUCYE MOBEIIHKY CHCTeMH, aje 1 ii moxiaHi. Taka 3amada Moxke OyTH BIpOBaJKEHA
IpY  BUKOPHCTAHHS TPAJi€HTHHX IIOLIYKOBHX METOMIB, aie JOCII/PKEHHsS BIACTHBOCTEH
ONTHMI30BaHOI CHCTEMH TIPH Malliil Bapialii mapameTpiB B OKOJNHMIAX 3aJaHOi TOYKH (3amada
QHAITI3y YyTIHBOCTI KOHCTPYKIIl) Ma€ BaXKJIMBE MPAKTUYHE 3HAYCHHS, TaK sIK JO3BOJISIE BUSIBUTH Ti
napaMeTpH, SKi MAloTh BIUIMB Ha MOBEIIHKY KOHCTPYKIl.

AHaJli3 4yTJIMBOCTI MapamMeTpU4HOI onTUMI3aUii 111 000JI0HKH MiHIMAJbHOI MOBepXHi
HAa KpYIVIOMY KOHTYpi, fIKa CKJIQJa€Tbesi i3 JBOX MOXWJMX eJinciB./lns BUKOHaHHS
OJHOKPHTEPIAJIbHOI ITapaMeTpUyYHOi ONTHUMi3anii 0O0JIOHKM MiHIMANbHOI HOBEPXHI Ha KPYyIrJIOMY
KOHTYpI, sIKa CKJIQJAEThCSA 13 JBOX IMOXWIMX EIIICIB3aCTOCOBYETHCS MLiNbOBAa (DYHKIIsl — Bara
MPOCTOPOl KOHCTPYKINi. 3MiHHI B 3ajadi MapaMeTpUYHOI ONTHMI3alii € TOBHIMHA CKIHYEHHX
enemenTiB Big 1 10 100 MM, OOMEKEHHS KOHCTPYKIIii HAKIIAJa€ThCsl Ha MEPIIy BUMYIIEHY 4acTOTy
konuBanHss 0.005 T'm. Taxkuii TuUm 3amau 3acTOCOBYETHCS Uil 3armoOiraHHs PE30HAHCY Bif
TEXHOJIOTIYHOT0 00JIaJHaHHS, SIKE€ MOYKE BIUIMBATH HA BJIACHI YaCTOTH KOHCTPYKIIT IiJl 30BHILIHIM
HaBaHTaxeHHAM[1-2]. Jlns BuUpilIeHHs 3aqadi 3alydvaroThCs AOJATKOBI MOAYJ MPOrPaMHOrO
3abe3MedeHHs, SIKi 0B’ 13aHi 3 OCHOBHMM PO3paxyHKOBHX Komruiekcom FemapwithNastran.

PesyabraTn anamizy 4yTJuBOCTi onTUMi3auii 000JI0HKM MiHiMaJbHOI MOBepxXHi Ha
KPYIJIOMy KOHTYpi, fika CKJAJa€Tbesi i3 JABOX MOXWJIMX eJinciB.ABTOPCbKA METOIHKA
OJJHOKPHTEPiaJIbHOI apaMETPUYHOI ONTHMI3alil Ja€ MOXKIJIMBICT 3MEHIIHTH Bary KOHCTPYKLIT y
BIJICOTKOBOMY eKBiBaJeHTI Ha 13.4%, mpu 1bOMY BUTPUMYETHCS BCi OOMEKEHHSI KOHCTPYKII 3a
JBOMA IPyIaMH I'PAHUYHHX CTaHiB. TOBIIMHA CKIHYEHHX €JIEMCHTIB KOIMBAa€eThCs Bix 1 MM 1o 26.3
MM. IpH TIOJANBIIOMY IPOCKTYBaHHI IHXKEHEpP-KOHCTPYKTOP, BH3HAYa€ MapaMEeTPH TOBIIWHU
KOHCTPYKLIT 3 ypaxyBaHHS TEXHOJOTIYHOCTI MpH ii CTBOPEHHS 1 MOHTaXy Ha OyaiBEIbHOMY
00’exti. Takok METOMKa aBTOpa JO3BOJISE 3MIHUTH Oa4yeHHS Ha IPOCKTYBAHHA B IIJIOMY, TaK SIK
BBEJICHHS B MPOCKTYBaHHs OyAIBEIbHUX KOHCTPYKIIH ONTUMAIbHOTO MPOEKTYBAHHS JacTh 3MOTY
SIKICHO 1 JOLIJILHO BUKOPUCTOBYBATHU Oy/IiBEIbHI MaTepiaiu.

1. Isanuenxo I'"M., Koutesuii O.0., Komesuii O.I1. YncenbHa peanizaitis 6aratokpurepianbHOi napaMeTpuaHoi
onTHUMi3alii 000JOHKU MiHIMAIBHOT IIOBEPXHI HAa KBaJPaTHOMY KOHTYPI IIPU TEPMOCHIOBOMY HaBaHTaXeHHi. Omip
Matepiais i Teopist copy: Hayk.-Tex. 30ipuuk. — K.: KHYBA, 2022. — Bun. 109. -C. 50-65.

2. Komreswii O.0., Komeswuii O.I1., I'purop’esa JI.O.Yncenbha peaizaliis 6araTokputepianbHOT mapaMeTpHIHOT
onTuMisanii 060JOHKH MiHIMAIBHOT TOBEPXHI Ha MPSIMOKYTHOMY KOHTYPi IPH TEPMOCHIOBOMY HAaBaHTAXKEHHI.
Omip maTepialiB i Teopist ciopy1: Hayk.-tex. 30ipauk. — K.: KHYBA, 2022. — Bum. 108. —C. 309-324.
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Parametric optimization of the forced oscillation frequencies
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Optimal design is used to ensure a high-quality choice of building structure and efficient and
effective use of building materials. Optimal design is a complex task that requires taking into
account the maximum number of factors to objectively analyze the selection of rolled steel
thickness. In modern design, the combination of numerical mathematical methods for analyzing
spatial building structures in optimal design makes it possible to create new calculation methods
and generally consider the design of building structures from a new perspective.

Most optimized algorithms require calculating not only the values of the objective function
that describes the behavior of the system, but also its derivatives. Such a task can be implemented
using gradient search methods, but the study of the properties of an optimized system with a small
variation of parameters in the vicinity of a given point (the task of analyzing the sensitivity of a
structure) is of great practical importance, as it allows identifying those parameters that have an
impact on the behavior of the structure.

Sensitivity analysis of parametric optimization for a shell of minimum surface on a
circular contour consisting of two inclined ellipses. To perform a one-criterion parametric
optimization of the shell of minimum surface on a circular contour consisting of two inclined
ellipses, the objective function is the weight of the space structure. The variables in the parametric
optimization problem are the thickness of the finite elements from 1 to 100 mm. The structure
constraint is imposed on the first forced oscillation frequency of 0.005 Hz. This type of problem is
used to prevent resonance from technological equipment that can affect the natural frequencies of
the structure under external load [1-2]. To solve the problem, additional software modules are
involved that are linked to the main Femap with Nastran calculation complex.

The results of sensitivity analysis of the optimization of the minimum surface shell on a
circular contour consisting of two inclined ellipses. The author's method of single-criterion
parametric optimization makes it possible to reduce the weight of the structure in percentage terms
by 13.4%, while maintaining all the design constraints for two groups of boundary states. The
thickness of the finite elements ranges from 1 mm to 26.3 mm. In the further design, the design
engineer determines the parameters of the thickness of the structure, taking into account the
manufacturability during its creation and installation at the construction site. Also, the author's
methodology allows to change the vision of the design in general, since the introduction of optimal
design into the design of building structures will allow for the efficient and appropriate use of
building materials.

1. Ivanchenko H.M., Koshevyi O.0., Koshevyi O.P. Numerical implementation of multicriteria parametric
optimization of minimum surface shell on a square contour under thermforce loading. Strength of Materials and
Theory of Structures:Scientific and technical collection. - Kyiv: KNUBA, 2022. — Issue. 109. — P. 50-65.

2. Koshevyi 0.0., Koshevyi O.P., Grigoryeva L.O.Numerical implementation of multicriteria parametric
optimization of minimum surface shell on a rectangular contour under thermforce loading.Strength of Materials and
Theory of Structures:Scientific and technical collection. - Kyiv: KNUBA, 2022. — Issue. 108. — P. 309-324.

43



OnTuManbHe NPOEKTYBAHHS BUMYIIEHUX KOJMBAHb 000JJ0HKH
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OnTuMizamis KOHCTPYKLIH B Cy4acHOMY IIPOEKTYBAaHHI € BaXIMBHM  HAIPSIMKOM
JociipkeHHss B Oy/iBesbHIM 1 npukiIagHid MexaHiki. PO3BUTOK pi3HMX METOIB ONTHUMAalbHOIO
MPOCKTYBaHHsI HaOyB 00epTiB 3 cepeamHn XX CTONITTA i 1o Haml 4dac. st BUpilmIeHHs 3aaa4
OJIHOKpUTEpiaJIbHOI 1 0araToKpuTepiaibHOI — MapaMeTPUyYHOi  ONTHMi3amii  371e0iIbIIoro
3aCTOCOBYIOTh MaTeMaTHYHE [TPOTrPaMyBaHHS.

Ilpn  mocmimkeHHi mpolecy ONTHMI3alil BpaxoOBYIOTh MaKCHMAJIbHO OCOOJIMBOCTI
KOHCTPYKLIH pPi3HOr0 NMpPU3HAYEHHS, YMOBH II CTBOPEHHS, SIK NPOXOAUTH IPOIEC eKCIUTyaTamil
KOHCTpPYKII], $IKa IOBEIiHKA KOHCTPYKIil HpPH 30BHIIIHHOMY HABAHTAXCHHI, BUIM BTPATH Il
MIIHOCTI, CTIKOCTI OKpeMuX ii eeMeHTiB a60 KOHCTPYKIIii B 1iomMy[1-2]. BaskJIMBUM YHHHUKOM 3
SIKOrO Marepiany BoHa noOy/oBaHa, (i3UKO-MeXaHiYHI XapaKTEPUCTUKH Ta 30BHIIIHI (HaKTOPH SIKi
BIUIMBAIOTH Ha 11 KOHCTPYKTHBHY MILHICTb.

PoGoTa npocTopoBUX KOHCTPYKIiH 3a0€3Meuy€eThCsl TIIbKA B TOMY BUIIAJIKY, KOJIU BCl YMOBHU
MIIHOCTI, CTIHKOCTI, dKOPCTKOCTI, TPILIMHOCTIHKOCTI, JOBrOBIYHOCTI, MOXKEXKHOI OE3MeKH Ta yMOB
eKcIUTyatalii BoHa 3a/0BOJIbHsE. OKpEMHUM BMIAM JIOCHIPKEHHS NPUCBSIUCHO TEMIIepaTypHUM i
paniauifHuM BIUIMBaM.YMOBHO Mif0ip ONTUMAJIbHUX MPOEKTIB KOHCTPYKLII MOXKHA pO30MTH Ha
HACTYIIHI eTaIlu: aHaJIi3 PeXKUMIB eKCIUTyaralil; BUOip Koe(ilieHTiB eKCIUTyaTawii; BUOip MaTepiamy
KOHCTPYKLIT; BUOIp pO3paxyHKOBOI CXeMHU KOHCTPYKIi; MPOEKTYyBaHHS KOHCTPYKLIT; TEXHOJIOTTUHI
IUTaHHA MOHTaXy 1 €KCIUIyaTalliss KOHCTPYKIil, eKCIepHMCHTANbHE MOCIIIKEHHS KOHCTPYKILI,
ICIs 3HAXOJUKEHHS ONTHMAaJbHUX IPOEKTIB; MepeBipka KOHCTPYKIII 3a JBOMAa TI'PaHUYHUMH
CTaHaMH; MUTAHHS JOBrOBIYHOCTI KOHCTPYKILIi, MPH HEOOXiJHOCTI BpaxyBaHHS MOMEHTIB HpH
cepiifHOMY BUPOOHHIITBI.

HocaigxenHs ontumizaunii 060010HKH MiHIMaJbHOI NMOBEPXHi KA CKJIAJA€ThCA 3 IBOX
NpsIMHX JIiHii i 1Box miBkin. J{ig mpoBeneHHA mapaMeTpudHOI ONTHMi3alii BHKOPUCTOBYBAIACs
ninpoBa (PyHKINSE — Bara 0OOJIOHKH. 3MIHHHMU IapaMeTp TOBIIMHA OOOJIOHKH, SIKa CKJIAIA€THhCS 3
JIBOX MPSIMUX JIHIN 1 ABOX MIBK1J, Ta JiMIT BUMylieHa yactota konuBaHusa 0.20 I'u. 3a gonomororo
BJIACHOTO ONTHMi3aTopa, HPOIeC MapaMeTpUYHOI ONTHMI3alii BUKOHY€ETHCS B aBTOMaTH30BaHOMY
peXUMI.

PesyabTaTH  I0CTIMKEHHST ONTHMAJIBHOTO PO3PAXyHKY OOOJOHKH MiHiMAaJIbHOL
NMOBEPXHI3 NPSMOKYTHHUM IUIAHOM, SIKa CKJAJA€ThCsl 3 JIBOX HNpAMHUX JiHiii i aBox
niBkin.ONTUMizaniiHui po3paxyHOK [aB MOXIMBICTH 3MeHmMTH Bary Ha 11.2%. ToBmmHa
po3moisieThes Mo 0000HII MiHIMabHOT oBepxHi Big 1.0 mm mo 31.5 mm Ha npotssi 10 muxiis
ONTHMI3aIIHOTrO pO3paxyHKy. 3aCTOCYBAaHHS METOJAMKU aBTOPIB A€ MOXKIIUBICTH EKOHOMUTH Bary
CTajl B aBTOMAaTHU30BAaHOMY PEXKHMI, 1110 B CBOIO Yepry Ja€ HOBI MOMIJIMBOCTI JUISl TIPOSKTYBAHHS
OyIiBEeIbHUX KOHCTPYKIIH.

1. Isanuenko I'.M., Komesnii O.0., Komesuit O.I1. UncenpHa peanizaiisi 6ararokputepiaabHOT mapaMmeTpuIHOL
onTHMi3alil 000JOHKN MiHIMAJILHOT TOBEPXHI HA KBAJAPATHOMY KOHTYpI HPH TEPMOCHIOBOMY HaBaHTaxeHHi. Omip
MarepiaiiB i Teopist copya: Hayk.-TeX. 30ipuuk. — K.: KHYBA, 2022. — Bumn. 109. —C. 50-65.

2. Komesuii O.0., Komresnit O.I1., I'purop’esa JI.O.YucensHa peanizalis 6araTokpurepialbHOi HapaMeTpuuHol
onTHUMi3alii 000JOHKH MiHIMAJILHOT ITOBEPXHI Ha MPIMOKYTHOMY KOHTYPI IIPH TE€PMOCHIOBOMY HaBaHTa)KEHHI.
Omnip maTepiaiB i Teopist criopy: Hayk.-TexX. 30ipuuk. — K.: KHYBA, 2022. — Bun. 108. —C. 309-324.
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Structural optimization in modern design is an important area of research in structural and
applied mechanics. The development of various methods of optimal design has gained momentum
since the mid-twentieth century to the present day. Mathematical programming is mostly used to
solve single-criteria and multi-criteria parametric optimization problems.

When studying the optimization process, the features of structures for various purposes, the
conditions of its creation, how the structure is operated, how the structure behaves under external
load, types of loss of its strength, stability of its individual elements or the structure as a whole are
taken into account to the maximum extent possible.[1-2] An important factor is the material from
which it is built, physical and mechanical characteristics and external factors that affect its
structural strength.

The operation of spatial structures is ensured only if they meet all the conditions of strength,
stability, stiffness, crack resistance, durability, fire safety, and operating conditions. Separate types
of research are devoted to temperature and radiation effects. Conventionally, the selection of
optimal design projects can be divided into the following stages: analysis of operating modes;
selection of operating factors; selection of design material; selection of design scheme; design of the
structure; technological issues of installation and operation of the structure; experimental study of
the structure, after finding the optimal designs; checking the structure for two limit states; issues of
structural durability; if necessary, taking into account the moments in mass production.

The study of optimization of the shell of the minimum surface consisting of two straight
lines and two semicircles. The objective function used for parametric optimization is the weight of
the shell. The variable parameter is the thickness of the shell, which consists of two straight lines
and two semicircles, and the limit is the forced oscillation frequency of 0.20 Hz. Using our own
optimizer, the parametric optimization process is performed in an automated mode.

The results of the study of the optimal calculation of the minimum surface shell with a
rectangular plan consisting of two straight lines and two semicircles. The optimization
calculation made it possible to reduce the weight by 11.2%. The thickness is distributed over the
shell of the minimum surface from 1.0 mm to 31.5 mm during 10 cycles of the optimization
calculation. The application of the authors' methodology makes it possible to save steel weight in an
automated mode, which in turn provides new opportunities for the design of building structures.

1. IvanchenkoH.M., KoshevyiO.O., KoshevyiO.P. Numerical implementation of multicriteria parametric
optimization of minimum surface shell on a square contour under therm force loading. Strength of Materials and
Theory of Structures:Scientific and technical collection. - Kyiv: KNUBA, 2022. — Issue. 109. — P. 50-65.

2. Koshevyi 0.0., Koshevyi O.P., Grigoryeva L.O.Numerical implementation of multicriteria parametric
optimization of minimum surface shell on a rectangular contour under therm force loading. Strength of Materials
and Theory of Structures:Scientific and technical collection. - Kyiv: KNUBA, 2022. — Issue. 108. — P. 309-324.

45



OnTuMajibHA BHCOTA CTAJI€BOI IBOTABPOBOI 0aJIKU
i3 3MiHHOI0 IIUPHHOIO MOJIHIb

Apmem binuk, kano.mexu.Hayk, Ooyenm Kapeopu Memanesux ma depes’ sHux KOHCMPYKYIll,
http://orcid.org/0000-0002-9219-920X

Cepeiii  Binuk, ooxmop.mexn.Hayk, 3aeioyeay kageopu Memanesux ma Oepeg’ siHux
rxonempykyitt, http://orcid.org/0000-0001-8783-5892

Jwoomup JDicanoe accucmenm kaghedpu Memanesux ma Oepes’sHux KOHCMPYKYii,
http://orcid.org/0000-0001-5144-3424

Kuiscokuii nayionanenuil ynisepcumem 0yoisnuymea i apximexmypu (m. Kuig)

VYV nocnipKeHHI pO3IISIHYTO CTajeBy MpPYXKHY Oaliky ABOTAaBPOBOrO IMepepisy, L0 Mae

KOHCOJIbHE 3aKpIIUICHHS Ta HABaHTA)KCHA PIBHOMIPHO-PO3IOIIICHIM HaBaHTaKCHHAM. JloBKHHa
S . . .

Ganxulrammpuna nomuwi by, , wo 3minioeThes 3a nimiiinnM 3akonom (1). Jlns nepepisy 3

koopauHarowo Z =, mmpuna nomuui Oye MiniManbHOW (2)
by, = bsy - {i_T’b ';Z::. 1
b= bro (1= 1) @
ne, b, , - MaKcHManbHa IMMPHHA TTOTUI OAKH B TIepepi3i 3aleMIeHHs

%, - apaMeTp 3MIHHOCTI IIMPUHY HOJIHLI JBOTaBPOBOI OaIku

VY po0oTi BUKOHAHI YMCIIOBI JOCHIKEHHS 3aJIKHOCTI Koe(illieHTa ONTHMAJIbHOI BHCOTH
Oanxu (K,,) Bix XapakTepy HaBaHTa)KCHHs Ta 3MIHHOCTI mepepisy momuip (74 ).3a pe3ynpraTaMu

. . . ) . .
JOCHIiKEHb BCTAHOBIIEHO, 1O NpH = 0,9 BiamosigHo (_—f—”)=0,1 BiZIOYBA€ThCS HEMOXKIMBICTD
Efo

BUKOHAHHS YMOB MII[HOCTI 1 IUTAaBHOCTI Nepepizy Ha KiHLi Oalky, TOOTO KiHElb KOHCOJIBHOI Oalku
ci1iJy poOUTH 3 OLIBIIOI BUCOTOIO Iepepidy abo 30iibinyBaTy mupuHy nonuui 6anku. Tomy, Oyno
JIOCJIJKEHO MHOKMHY MaKCUMaJIbHUX 3HA4€Hb sIKi HaOyBae mapamerp kj.. 3TiJIHO 3 pe3yJbTaTaMu
JOCTTi[PKCHHSI, BU3HAYCHHSI ONITUMAIBHOT BUCOTH Ma€ MPUIMATHCS 3a PO3PAXyHKOBUM TIEpepi3oM, B
AKOMY He Ji€ MaKCHMaJIbHUH 3THHAIBHUA MOMEHT, a CIIiJ IPHIMATH Iepepi3 3 MaKCHUMAIbHUMHU
HanpyXeHHsIMU. AJuist 3a0e3nedeHHsl MIIHOCTI Oallki Mo BCIM Iepepi3aM [0 JIOBXKHHI Tpeda
BUOUpATH 3aJ0BUIbHY CTYIiHb 3MIHHOCTI Hepepidy HOIMIb. Y MiACYMKy JOCHiIKEHHS
BCTAQHOBJIEHO, IO KOE(DIi€HT 3MIHHOCTI Iepepidy 3IHHAIBHUX MOMEHTIB IIPH BH3HAYCHHS
ONTUMAJILHOT BUCOTH OyJie:

®

1.binnx A., Hyxnuii B., lxanos JI., ITepectiok B. OcobnuBocTi aHaTiTHIHOTOPO3B 3Ky 3a/1aui PO NepeMilleHHs
KOHCOJIBHHX CTaJeBHX 0aJOK 3i 3MiHHOIOMIMPHHOW ToJuib // Bynisenbui koncrpykiii. Teopist i mpaktuka. 36.
nayk. nip. —2020. — Bun. 7. - C.85-92.

2. Binuk C.I. PauionanbHi cranesi 1BotaBpoBi 6aiku 3i 3minHot0 Bucotoro crinku/ C.1. binuk // PecypcoekoHOMHI
MaTepiaiu, KOHCTpyKLii, Oyaisni Ta ciopyau: C6. nayk. npaus / MOH Ykpainn, HYBIIL. - Pisue, 2008. — Bur.
17.-C. 73-78.
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The research examines a steel elastic beam of I-beam cross-section, which has a cantilever
attachment and is loaded with a uniformly distributed load. The length of the beam | and the width
of the flange#,,, which varies according to the linear law (1). For the section with the coordinate
z =1, the width of the flange will be minimal (2)

1)

bfg:bf[): (t—w2 2

where b, - the maximum width of the beam flange in the pinch section
is,
7, - parameter of variability of the flange width of the 1-beam beam

Numerical studies of the dependence of the coefficient of the optimal height of the beam
beam (k;,) on the nature of the load and the variability of the section of the flange (4, ) were

performed in the paper. According to the research results, it was established that y»,= 0,9,
respectively fE-"'—"}=0,1, it is impossible to fulfill the conditions of strength and smoothness of the
fn/

cross section at the end of the beam, that is, the end of the cantilever beam should be made with a
higher cross-section height or increase the width of the flange beams Therefore, the set of maximum
values acquired by the parameter %;.. was investigated. According to the results of the study, the
determination of the optimal height should be taken according to the calculated cross-section, in
which the maximum bending moment does not act, but the cross-section with the maximum stresses
should be taken. And to ensure the strength of the beam along all cross-sections along the length, it
is necessary to choose a satisfactory degree of variability of the cross-section of the flange. As a
result of the study, it was established that the coefficient of variability of the section of bending
moments when determining the optimal height will be:

) T, q
d wn- G

o wd 500 %)

©)

kaz

1. Bilyk A., Nuzhnyi V., Dzhanov L., Perestyuk V. Peculiarities of analytical solving the problem of moving
cantilever steel beams with a variable the width of the shelves // Building constructions.Theory and
practice.Coll.of scienceetc. — 2020. — Issue7. — P.85-92.

2. Bilyk S.I.Rational steel I-beams with variable wall height/ S.I.Bilyk // Resource-saving materials, constructions,
buildings and structures: Sat.of scienceof works / MES of Ukraine, NUVHP.- Rivne, 2008. - Issuel7. - pp. 73-78.
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BnpoBajpkeHHss HOBHMX OyJIiBENBHUX MatepiajiiB B KOHCTPYKIISIX CTUMYJIFOE PO3BHUTOK
OyniBenpHOI ramy3i Ta eKOHOMIKM KpaiHu B nimomy. HoBum OyniBenpHHM MaTepiaoM MOXKHA
BB@KATH SIK TAaKWH, 110 BHHAWACHUH B PEe3ysbTaTi HAYKOBO-TEXHIYHOTO IIPOrpecy, HalpHKIaT
0a3abTOINIACTUKOBA KOMIIO3MTHA apMarypa, Tak 1 icHyrouuil, cdepa 3actocyBaHHs sIKOro Oyia
po3uMpeHa B pe3ysbTaTi HAyKOBO-JOCTIIHUX pOOIT, HANPUKIAA, 3aCTOCYBaHHsS BIIXOJIB
36arauyenns sanisuux pyxa (33P) B GeronHmx cymimax. s po3mMpeHHs cepu 3acTOCyBaHHS
0a3aIbTOIIACTHKOBOI apMaTypu B KOHCTPYKI[iSIX IO MPAIFOIOTh HAa 3TUH Ta IOAOJIAHHS HEAOMIKY 3
MIOHATHOPMOBOIO  iX JedopMaTHBHICTIO OyJIO 3aIpPOIIOHOBAHO 3aCTOCYBAaHHS TiOPHIHOTO
apMyBaHHS Juls 0aJOK Ta BUTOTOBJIEHHS iX Ha OETOHHUX cymimax 3 BinxoxiB 33P, mo nokaszano
npuitasTHI pesynbraty [4]. OqHuM i3 eTamiB BIPOBaPKEHHs OyAIBEIbHUX KOHCTPYKIIiHI3 HOBHMH
MarepiajaMH € TOPIBHSIHHS pe3yJbTaTiB PO3PAaXyHKy 3a METOAMKAMH YMHHHX HOPM, 3
[OKAa3HUKaMH (DaKTHYHOTOHAMPYIKCHO-Ae(OPMOBAHOIO CTaHy TaKMX KOHCTPYKiii. PospaxyHox
TpaJULIHHUX 3a1i300€TOHHUX KOHCTPYKIii BUKOHYIOTH 32 OJHHM i3 JBOX MilOYMX HOPMAaTHBHUX
JIOKYMEHTIB - [1, 2], B 3anexHOCTI BiJ Mpu3HAaYeHHS KOHCTPYKIii.IIpoTe jk0/eH i3 HUX HEe MICTHTh
TIOJIOXKEHB IO/I0 PO3PaXyHKYKOHCTPYKIIH i3 TIOpUIHUM apMyBaHHSM.

B po6Gori [4] HaBeneHo pe3yabraTd BUNPOOYBaHb MOCTIAHUX 3pa3KiB OaloK 3 TiOPUIHUM
apMyBaHHSIM Ta HNOPIBHSIHHS BEJIWYUH iX HPOTHMHIB i IIUPUHU PO3KPHUTTS TPILMH 3 TEOPETHYHUMHU
BEIMYMHAMH, PO3PAaXOBaHUMH 3a MeToauKo0 [1]. TIpu mpomy BHsBICHI 3Ha4HI PO30IKHOCTI MiXK
03HAYEHUMHU MOKA3HUKaMU:. JUIl HOpMajbHUX TpimuH Bix 38,2 % no 48,9 %, s nporuHiB Bif
—417,0 % no —1486,5 %.OtpuMani pe3yibTaTH BKa3ylOTh Ha IOTpeOy B KOpPEryBaHHI iCHYIOUHX
METOAMK po3paxyHKy [1] s BUITafKy po3paxyHKy KOHCTPYKIi 3 MiOPUIHUM apMyBaHHSM.

PozpaxyHOK TpaauuifiHuX 3ami300eTOHHMX KOHCTpyKLii 3a [2], Takox sk i [1], nepenbauae
PO3paxyHOK 3a IpylaMd I'PaHHYHHX CTaHIB, 3aCTOCOBYIOUHM METOJ Iepepi3iB, OIHAK BPaxOBYE
OCHOBHI NOJIOKEHHSI €BpOKOJ 2, TOOTO Tak 3BaHUH JedopMaliiiHuil MeTo, 10 IPYHTYEThCS Ha
miarpamax gedopmysanus Oertony Ta apmarypu. Ilpore B [2] BimcyrHs indopmaris momo
MOJKIJIMBOCTI 3aCTOCYBAHHS HAaBEICHOT METOMKH JI0 KOHCTPYKIIH i3 TIOPHAHUM apMyBaHHSIM.

Amnani3 4yMHHOI HOPMAaTUBHOI 0a3H, CTOCOBHO PO3pPaxyHKy 3alli300€TOHHHMX KOHCTPYKIiH,
BKa3y€ Ha 3Ha4YHY OOMEXKEHICTb BiOMOCTEH CTOCOBHO 30DKHOCTI TEOPETHYHHX PO3PAXyHKIB 3a
merogukamu  [1,2] 3 ¢dakTHYHUM TOKA3HUKAMH 3ai300€TOHHHUX KOHCTPYKIid. CTOCOBHO
KOHCTPYKIiH 3 TiOpHAHIM apMyBaHHSAM Taki BifoMocTi abo BifCyTHI B3araii, abo HOCATH IyXe
obMexxeHni xapakTep. Ilojainblue IIMpOKe 3aCTOCYBaHHS HOBHX MaTepiaiiB Ta KOHCTPYKIiH
MOJKJIMBE JIHIIE 32 YMOBH IPOBEACHHS MIMPOKOTO KOJA EKCHEPHMEHTAIbHUX [OCII/UKCHb 3
PO3pOOKOIO BiNOBIAHOT HOPMATHUBHOI 6a3H, IO MOSKJIMBO JIHIIE, 32 YMOBH IIATPUMKH 31 CTOPOHH

JIeprKaBH 3 3aTy4EHHSIM [IPOBIIHUX HAYKOBIIB Ta (haxiBIliB ramysi.
1. IBH B.2.3-14:2006. Criopyu Tpancmiopty. Moctu ta Tpy6wu. [IpaBuna npoexrysanns. Kuis:2006. 366 c.
2. JIBH B.2.6-98:2009. Koucrpykuii OyamukiB i cropyn. beronni Ta 3amizo0eToHHi KOHCTpyKuii. OCHOBHI
nonoxenns. Kuis: 2011. 71 c.
3. ACTY b B.2.6.-156:2010. Koncrpyxkuii Oy uHKiB i criopyz. Beronni Ta 3a1i300eTOHHI KOHCTPYKIIT 3 BaXKOro
Getony. [IpaBmta npoekryBanust. Kuis: 2011. 123 c.
4. BonkoB C.O. «Miunicts i JepopMaTHBHICTh Oalok i3 OETOHIB Ha Bigxomax 30araucHHs 3ai3HHX PYX 3
riOpUIHIM apMyBaHHSIM METaJICBOIO Ta 6a3aJIbTOBOIO apMaTypOIo», ic.JokTopa dinocodii, Kpuswuii Pir, 2022. 124 c.
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Implementation of new building materials in construction stimulates building sector’s and
state economy’s development in general. Either material developed as a result of scientific and
technological progress (i.e., basalt-plastic composite rebar) or existing one when field of application
was widened as a result of the additional researches (i.e., usage of iron ore enrichment wastes
(IOEW) in concrete mixes) can be labeled as a new building material. In order to widen the area of
basalt plastic rebar application in the bending construction and avoid beyond the norm deformation,
the new approach was suggested. Applying hybrid reinforcement (with metal and basalt-plastic
composite rebars) to the beams and mixing concrete with IOEW proved itself to be the decision
which leads to acceptable results.One of the implementation stages of building constructions with
new elements is comparing existing norms’ methodology calculations with actual stress-
deformation state values. Traditional ferroconcrete constructions are projected according to the one
of two current regulatory documents — [1, 2] according to the construction’s purpose. But neither of
them has any provisions as for projects involving hybrid reinforcement construction.

The results of experimental hybrid reinforcement rebar samples’ trials and comparison of the
deflection and cracks’ disclosure width with theoretical values calculated using methodology from
[1] are stated in the work [4]. Considerable differences between those values were discovered:from
38,2 % to 48,9 % for the usual cracks and from —417,0 % to -1486,5 % in case of the
deflection.The calculations are pointing to the need of existing calculation methodology [1]
corrections in case of hybrid reinforced construction projecting.

Calculations of traditional ferroconcrete constructions using [2], as it is stated in [1], implies
calculations according to the group of limits’ states by using section method. Still, it takes into
consideration Eurocode 2 main provisions, i.e., so called deformation method, which is based on
concrete and rebar deformation diagrams. But [2] is missing the information about possibility of
applying abovementioned methodology to the hybrid reinforced constructions.

Current regulatory framework for ferroconcrete constructions project’s calculations shows
that there is considerable less information about correspondence between theoretical calculations by
[1, 2] and actual ferroconcrete test results. Hybrid reinforced constructions’ data either is missing or
very limited. Wide usage of new materials and constructions is possible only after conducting a
wide variety of researches in order to product corresponding regulatory frameworks, which can be
happening only with state support and help from the industry’s leading specialists and scientists.

1. DBN V.2.3-14:2006.Transport facilities. Bridges and pipes. Design rules. Kyiv, 2006. 366 p.

2.DBNV.2.6-98:2009.Structures of building sand structures. Concrete and reinforced concrete structures.
Substantive provisions.Kyiv, 2011,71p.

3. DSTU B V.2.6.-156:2010. “Structures of building sand structures. Concrete an dreinforced concrete structures
made of heavy concrete. Designrules. Kyiv, 2011. 123 p.

4. Volkov S.O. Strength and deformability of concrete beams from ironore beneficiation waste with hybrid
reinforcement with steel and basalt bars, PhD thesis, Kryvyi Rih National University, Ukraine, 2022. 124 p.
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The purpose of the research is to verify the data obtained during the testing of flexible
columns with dimensions 3000x200x200 mm (Fig. 1). The data were obtained by two methods:
classical — with the use of traditional devices (extensometers, deflection meters) and optical — using
equipment from ZEISS Industrial Quality Solutions (Aramis complex) [1]. In laboratory testing of
reinforced concrete columns, the main indicators characterizing the stress-strain state are: surface
deformations of concrete, deviation of the column in space, visualization of cracks, change in
continuity, etc. [2]. The analysis of the tests of columns for central compression showed that the
maximum spatial deviation of the face is 8 mm, and the Aramis complex recorded a deviation of 12
mm. The difference in the surface deformation of concrete by the two measurement methods did not
exceed 10%.

Conclusion: the use of the optical measurement method allows testing building structures that
is faster, without loss of quality and safe (you can take readings at a distance) . The Aramis complex
allows receiving data at the moment of the destruction of samples.
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Fig. 1. Flexible column tests and optical diagnostic results

1. https://www.gom.com/pl/oprogramowania-3d/gom-correlate/funkcje-gom-correlate.html#c58136.

2. EN 1992-1-1:2004-AS:2010, IDT. Designing reinforced concrete structures.
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Ha migcraBi aHATITHYHOTO OIVIAMY JITEPAaTypH 1 NPAKTHYHOTO BHKOPHCTAHHS PEMOHTHHX
OCeTOHHHUX 1 3ai300€TOHHUX KOHCTPYKLIN PO3MIISJAI0ThCS YMHHUKH, L0 BIUIMBAIOTh HA CYMICHY
Ppo06oTYy peMOHTHOI ITOBEPXHI 1 MaTpuULi mapy.

B naboparopuux ymosax JIHVII, Oynu BurorossieHi 72 OeronHi 3pa3ku. [ToBepXHs 3pa3kiB
OyJia MiArOTOBJIEHA YOTUPMA BapiaHTami: 1) Tiajika — piBHA MOBEPXsl, 3a4YUIICHA APOTSHOO IITKOFO;
2) raaka (pesepoBaHa — Ha PiBHIM MOBEPXHi MPOBeAEHO (pe3yBaHHs MIMOMHOIO i IIMPHHOIO 10 7
MM Ta 3a4MINEHO; 3) MIOPCTKAa — HA MOBEPXHIO OCTOHY HaHECEHO nepPhopaTopoM HACiuKy TIIMOHOIO
10 3 MM Ta 3auuIiieHo; 4) mopcTka (pe3epoBaHa — MICHst HACIYKN TOBEPXHIO (pe3epyBain 7 MM Ta
3aUHIIAIN IPOTSIHOIO IITKOO.

Jlnst BU3HAUEHHSI MILHOCTI 3ueIyIeHHs OeTOHY i TOPKpeT-OeTOHY Ha IiJrOTOBJICHY OCTOHHY
OCHOBY BCTaHOBJIIOBAJIM MeTajeBi 060fMH KOHYCHOTO THITy i3 BHyTpimHiM aiamerpom d = 70 Mm.
BHyTpillHIO 4YacTHHY MeETaleBHX OOOHM 3alOBHIOBAIM OCTOHOM 1 TOPKpET-OETOHOM. 3pasku
BUTpUMYBaNu IpoTsroM 28 1i6 B HOpMadbHUX yMoBaX. IIpomec BimpuBaHHSA MiITOTOBICHUX
3pasKiB MMPOBOAMIIN 3 JIOTIOMOT'OI0 PO3PHBHOT MAIIIMHH.

B Ttabmuui 1 nomaHo cepeiHi 3HAUYEHHS TPHOX BMIIB 3pa3KiB. MIIHICTh OETOHY Ha CTHCK;
MilHicTh GETOHY Ha PO3TAT HMPH PO3KONIOBAHHI 3pa3KiB IMIIHIPIB; MIIHICT TOPKPET-OCTOHY 3a
JIOCITIDKEHB 3pa3KiB, BUPI3aHUX i3 MINTH TOBIMHOWO Oisbire 100 M.

Tabmuus 1 - MinHicTh 34€IUICHHS TOCIIAHUX 3pa3KiB

Minnicts MirmicTs Minnicts 3uerurenns, MIla.
No Wndp (1\46::;:3’1) PEMOHTHOTO [ToBepxHst KOHTAKTY
| 3paskis Ml | Oetony:MIla |11 5 ryanka 3- 4-mopcTKa
focbe | fot. | focube fut riaankajhpesepoBaHal IIOpcTKa | ppesepoBaHa
1 [ C20+C'25 | 20,55 |1,91 |24,8 |28 1,07 1,18 131 1,35
2 | C20+C™30 | 20,55 | 1,91 (29,4 |2,53 1,07 1,19 1,32 1,36
3 | C20+C™125 [ 20,55 | 1,91 | 257 |2.24 1,11 1,07 1,41 1,34
4 | C20+C'r30/20,55 [1,91 [31.1 [2.62 1,12 1,07 1,40 1,34
5 | C25+C"30 | 25,3 221 | 294 |253 1,22 1,37 1,52 1,57
6 | C25+ C'130] 25,3 221 [311 | 262 1,29 1,24 1,65 1,56

*TIpumitka: C- xmac GeTOHY MaTpuIli 32 MIIHICTIO Ha CTHCK 3a CTAHZApPTHUMH KyOamu,
(uudppyn BinoGpakaroTh Horo npoexTHy BemunHy); C'- KJIac peMOHTHOTO GETOHY 3a MIl[HICTIO Ha
cruck; C'T- KIac peMOHTHOTO TOPKPET-0ETOHy 32 MillHICTIO Ha CTHCK.

AHai3y04n pe3ysbTaTH JAOCIIDKEHb, MPEACTaBICHUX B Ta0Nl. 1 MOXHA 3pOOUTH BHCHOBOK,
0 MIIHICTh 3YCIUICHHS B TEBHIM Mipl 3aJIe)kKUTh B MIJATOTOBKH TOBEPXHI Ta TEXHOJOTIi
HaHECEHHsI PeMOHTHOro mrapy. Ha 34emienHs BiumBae Mmimuicts Oetony marpumi (C20, C25) i
NpPaKTHYHO BijACYTHili BrUMB pemonTHOro mapy (C'25, C"30), mpoTe BIIMBAE TEXHOJIOTiS
HaHeceHHst (mo 8%). 3miHa MOBEpXHi i3 TNAAKOI HA IIOPCTKY IMOKpAIIye 34eruicHHsT 10 22%.
@pesepyBaHHS TOBEPXHI MIOPCTKO] 1 INIaKOT U PEMOHTHOTO OSTOHY ITOKPAIy€ 3UCIUICHHS Ha 3 1
10% signosigno. IIpoTe (¢pesepyBaHHs He TOKpAIly€ 34YeIUICHHs [pH HAHECCHHI Miapy
TOPKPeTOETOHY Ha IIOPCTKY YH INIAJAKy IIOBEPXHIO, a 3HIXKYE ioro 1o 5%.

1. Masypak A. B., Koamuk 1. B., Muxaiineuxo B. O., KanitoBcbkuit B.M. MinHicTh KOHTAKTHHX IIBIB IIijJ Yac
PEMOHTY uH TijicuIeHHs OeToHHNX eneMeHTiB. JIbBiB: HY «JIIT», 2013. Ne 755. C. 249-254
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On the basis of an analytical review of the literature and the practical use of repair concrete
and reinforced concrete structures, factors affecting the joint operation of the repair surface and the
layer matrix are considered.

72 concrete samples were made in the laboratory conditions of LNUP. The surface of the
samples was prepared in four ways: 1) smooth - even surface cleaned with a wire brush; 2) smooth
milled — milling with a depth and width of up to 7 mm was carried out on a flat surface and cleaned;
3) roughness - a notch up to 3 mm deep is applied to the surface of the concrete with a perforator
and cleaned; 4) rough milled - after notching, the surface was milled 7 mm and cleaned with a wire
brush.

To determine the bond strength of concrete and shotcrete, metal clamps of the conical type
with an inner diameter of d=70 mm were installed on the prepared concrete base. The inner part of
which was filled with concrete and shotcrete, the samples were kept for 28 days in normal
conditions. The process of tearing off the prepared samples was carried using a tearing machine.

The table 1 shows the average values of three samples: compressive strength of concrete by
standard cubes; tensile strength of concrete during splitting of cylinder samples; the strength of
shotcrete by examining samples cut from a plate with a thickness of more than 100 mm.

Table 1 - Bonding strength of test samples

Strength of Strength of Coupling strength, MPa.
Nl code of concrete repair Contact surface
mn 0ce o (matrix), concrete,
samples MPa MPa | 2- smooth 4- rough
fl- smooth - 3- rough -
fc,cube fct. fc,cube fct, mllled mllled
1 | C20+C"25 20,55 191 |248 2,18 | 1,07 1,18 1,31 1,35
2 | C20+C"30 20,55 191 |294 2,53 | 1,07 1,19 1,32 1,36
3 | C20+C"t25 | 20,55 191 | 25,7 224 | 111 1,07 1,41 1,34
4 | C20+ Ct30 | 20,55 1,91 | 311 262 |1,12 1,07 1,40 1,34
5 | C25+C"30 25,3 221 294 2,53 1,22 1,37 1,52 1,57
6 | C25+C"t30 | 25,3 221 | 311 2.62 |1,29 1,24 1,65 1,56

Note: C-class concrete of the matrix in terms of compressive strength according to standard
cubes, (the numbers reflect its design value); C*- class of repair concrete by compressive strength;
C*t is the class of repair shotcrete based on compressive strength.

Analyzing the results of the studies presented in the table 1, it can be concluded that the bond
strength to a certain extent depends on the surface preparation and the technology of applying the
repair layer. Adhesion is affected by the strength of the matrix concrete (C20, C25) and the effect of
the repair layer (C*25, C*30) is practically absent, however, the application technology affects it
(up to 8%). Changing the surface from smooth to rough improves grip by up to 22%. Milling rough
and smooth surfaces for repair concrete improves adhesion by 3 and 10%, respectively. However,
milling does not improve adhesion when applying a layer of shotcrete on a rough or smooth surface,
but reduces it to 5%.

1. Mazurak A. V. et al. 2013. Strength of contact joints during repair or reinforcement of concrete elements. Lviv:
NU "LP", 755, 249-254.
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Merta nocnipkeHHs —BU3HAYUTH €(DEKTUBHICT apMyBaHHS IEMEHTOOETOHIB (hidpamMu pi3HUX
THIIIB, IS IHOTO OYJI0 3aMPOEKTOBAHO 6 CKIIa/liB OSTOHHUX CYMIIIICH:
1 — xourpoabHuil ckian (6e3 apmyBaHHs); 2, 3 — apMOBaHi MeTaneBOK Makpodiopor (y pizHux
JO3YBAaHHAX) Ta MOJIMPOMiICHOBOW MiKpo(hiOpow; 4 — KOMIUIEKCHE apMyBaHHS METalCBOK i
MOJIPOIIIJIEHOBOIO Makpo(iOporo, a TakoXk MOJINPOIICHOBOIO Mikpodidporo; 5, 6 — apmoaHi
MOJTIIPOIIIEHOBOI Makpohioporo (Y pi3HUX H03yBaHHAX) Ta MOJIMPOIIIEHOBOK MiKpo(iOporo.

IIpoBeneni BumpoOyBaHHs CBiquaTh, IO MIIHICTh HA CTHCK 3pa3KiB 3 BHCOKUM BMIiCTOM
metaneBoi ¢Gibpu y 1,5 pasu mepeBuliye MillHICTH HEAPMOBAHOTO KOHTPOJBHOIO CKIIady.AHAasi3
MOBHUX jiarpaM craHy OetoHy (Pumc.l), Ta po3paxOBaHHX 3a HHMH XapaKTEPUCTHK
TpituHOCTifKOCTI, oTpuManux 3rigHo JCTY b B.2.7-227 cBimunTb, 1110 KOMIUIEKCHE apMyBaHHSI
METAJIEBOIO 1 TOIMPOMiIEHOBOK MaKpo(iOporo, a TAKOK MOIMPOMIIEHOBO Mikpodioporo (Ckaan
4) 3abe3neuye HafBHILI XapaKTEPHUCTUKN TPIMIMHOCTIMKOCTI 3 TOUKH 30py MEXaHIKH Py HHYBaHHS.
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PesynbraTi BU3HAUCHHS yIapHOI CTIMKOCTI, BU3HAYEHI 3T1JHO pEKOMEH ALl i
Awmepukascpkoro incturyTy 6erony ACI committee 544 (Puc.2), KOPEIIOOTh 3 pe3yIbTaTaMu
TpilMHOCTIHKOCTI. HalikpanMu moka3HuKaMu eHEProBUTPAT HA PYHHYBaHHS XapaKTepU3y€eThCs
Cknan 4 3 KOMIUIEKCHIM apMyBaHHSIM, 30KpeMa CHEPrOBUTPATH Ha TOSIBY MOYaTKOBOI TPIIMHH Ta
Ha nedparMenTaiito 3paska € y 4,9 ta 9 pasiB BIANOBIAHO BUIUMH, HIXK TOKA3HUKHU JUIsl OCTOHY
KOHTPOJILHOTO CKJIAJY.

1. ACTY B B.2.7-227. Betonu. MeTo/11i BA3HAYEHHS XapaKTEPUCTUK TPIIMHOCTIAKOCTI (B'A3KOCTI pyiiHyBaHHS:)
MPH CTaTHYHOMY HaBaHTaxeHHi. - K.:YkpapxOynindopm, 2010. - 23 c.

2. ACI Committee. (1978). Measurement of properties of fiber reinforced concrete. ACI Journal, 75(7).

3. Turba Y., Solodkyy S., Markiv T. Strength and fracture toughness of cement concrete, dispersedly reinforced by
combination of polypropylene fibers of two types. Lecture Notes in Civil Engineering. 2020. Vol. 47 : Proceedings
of CEE 2019. Advances in resource-saving technologies and materials in civil and environmental engineering. P.
488-494.
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The purpose of the research is to determine the effectiveness of reinforcing concrete with
different types of fibers.For this purpose 6 concrete mixes were designed:

1 — control composition (without reinforcement); 2, 3 — reinforced with metal macrofiber (in
different dosages) and polypropylene microfiber; 4 — complex reinforcement with metal and
polypropylene macrofiber, as well as polypropylene microfiber; 5, 6 — reinforced with
polypropylene macrofiber (in different dosages) and polypropylene microfiber.

Test results show that the compressive strength of samples with a high content of metal fiber
is 1.5 times higher than the strength of the unreinforced control composition. The analysis of the
complete concrete state diagrams (Fig. 1) and the fracture toughness characteristics calculated from
them, obtained according to DSTU B V.2.7-227, shows that complex modification with metal and
polypropylene macrofiber, as well as polypropylene microfiber (Mix 4) provides the highest
fracture toughness as well as fracture energy.
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Fig.1 —Complete state diagramsof tested concretes Fig.2 —Impact energy of tested concretes

The results of the impact energy test, conducted according to the recommendations of the ACI
committee 544 recommendations (Fig. 2) correlate with the results of fracture parameters. Mix 4
with complex reinforcement is characterized by the highest fracture energy.In particular, the energy
consumption for the appearance of an initial crack and for defragmentation of the sample is 4.9 and
9 times higher, respectively, than that for the control concrete.

1. DSTUBV.2.7-227. Betony. Metody vyznachennia kharakterystyk trishchynostiikosti (viazkosti ruinuvannia) pry
statychnomu navantazhenni. - K.: Ukrarkhbudinform, 2010. - 23 s.

2. ACI Committee. (1978). Measurement of properties of fiber reinforced concrete. ACI Journal, 75(7).

3. Turba Y., Solodkyy S., Markiv T. Strength and fracture toughness of cement concrete, dispersedly reinforced by
combination of polypropylene fibers of two types. Lecture Notes in Civil Engineering. 2020. VVol. 47 : Proceedings
of CEE 2019. Advances in resource-saving technologies and materials in civil and environmental engineering. P.
488-494.
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Ipuoninposceka depacasna akademis Oyodienuymea ma apximexnmypu (m. ninpo)

MeTor0 JOCIUKEHHS € po3poOKa CTeHAy MUt (pi3MUHOro MOAENIoBaHHS npouecis 3D-npyky
OyZiBeIbHUX O0'€KTIB, OCKINBKHM 3a ocTaHHI poknm 3D-ApyK cTaB MIMPOKO BHKOPHCTOBYBAaHHM B
OyniBHuLTBI. 3actocyBanHsi 3D-npyky B OyiBHUITBI JI03BOJISIE BUTOTOBJSITH IIBUJAKO Ta
e(eKTUBHO CKJIaJHI KOHCTPYKIii, SMCHIIUTH BUTPATH HA MaTepiain, TPYAOMICTKICTb Ta Oy IiBeIbHI
BIJIXO/MI TaKe 1HIIE.

Crenp mns ¢isuuHOro MonemoBaHHs mpouecis 3D-apyky OyniBenbHUX 00'€KTiB 103BONUTH
TIPOBOJIMTU EKCIIEPUMEHTH Ta TECTYBaHHS II€pe] THM, SK peallisyBaTH OyJiBeNbHHI HPOEKT HA
npaktuii. Takum 4yuHOM, OyAyTh BHSIBICHI MOXJIMBI NPOOJEMH Ta HNOMMJIKHM € JO IOYATKy
OyniBauITBa. KpiM TOrOo, CTEHJ J03BOJIUTH JIOCHIIPKYBAaTH HOBI MaTrepiajd Ta TEXHOJOTII, II0
MOXXYTh BUKOPHCTOBYBATHCH B Oy IIBHHUIITBI.

Peamizanist mpoekTy BinOyBaeThes y ACKIIbKA €TAIIIB.

Ha mepmiomy erami cTBOproeThesi OesmocepesHbo TouHa Imdposa 3D-momens 006’ekTy
3acobamuFreeCAD i 3a nonomororo BOY/JOBaHOTO IJIariHy nepeTBoproeTbes y popmar STL.

Ha pmpyromy erami 31ilicHIOEThCS 00poOKa Ta ONTHMI3allist OTPHMaHOI Mojeni 3acobamu
MeshLab [1] wwisxoMBumpaBisiHHS —Je(eKTiB, KOPUTYBaHHsS pPO3Mipy BHXimHOro (aiiny,
3a0e3MeueHHs IPaBUILHOT OpieHTALli], BUSHAYCHHS TA yTOUYHCHHS] TEOMETPUYHUX XapAKTEPHCTHK Ta
eKcropT BiapeaaroBanoi 3D-mojeri y popmart, mo miarpumyerbest 3D-mpuHTEepOM.

Ha tperpomy erami 6e3nocepeiHbo BiOyBaeThes miaroroka ¢aitry no 3D-npyky 3acodamu
Cura. CTBOPIOIOTHCS HAJAIITYBAHHS 3 ypaXyBaHHIM Pi3HUX (DaKTOPIB, TAKUX SK TUII MaTepially, [0
BHKOPUCTOBYETBCS TiJ1 Yac JPYKy, po3mip Ta ¢opma MOAeii, piBeHb JAeTaiizallii, ssKky HeoOXiTHO
OTPUMATH B KIHIIEBOMY PE3yJIbTaTi TOILIO.

Ha wderBeproMy erami 3JiliCHIOETBCS CHUMynsList mpomecy 3D-apyky 3a JOIOMOToo
CoppeliaSim,mo 103B0JIs€ BipTyansHO MPOTECTYBATH Ta ONTHUMI3yBaTH TMPOLECH APYKY, THUM
caMUM 3MEHIINTH BiJXOAM MarepiaiiB Ta 30UIBIIMTH ¢()eKTUBHICTH BUPOOHHITBA Ha PEATBHUX
oynisenpaux 3D-mpunTepax. Bapro 3ayBaxkutu, moCoppeliaSim e € mporpamoro asisi renepartii
G-Kxomy, OCKiIbKH i OCHOBHA (DYHKIIS - [Ie MOZAENIIOBAHHS Ta CUMYJIALIS POOOTOTEXHIYHNX CHCTEM
[2].

Ha ocrannbomy erami BinOyBaeTbesi BizuuHa peanizanis mnpouecy 3D-apyky Ha peanbHOMY
OyniBenpHOMYy 00nagHaHHi.ClliJl 3a3HAYMTH, IO TEPEepaxOBaHi eTalmy 3HAXOJAThCS B TICHIH
B3a€MO3AJIC)KHOCTI OAUH 3 OMHUM. ToMy TOTPiOHO TependaunTH MOXKIUBICTh PyYHOTO BBEICHHS Ta
penaryBaHHS IapaMeTpiB Ha KOKHOMY €Tarli OKPEMO 1 B IIIJIOMY O CHCTEMI.

CTBOpEHHs CTeHAY AU (Bi3MYHOr0 MOJIeIoBaHHs nporieciB 3D-apyky OyaiBelbHUX 00'€KTiB
BIJIKpUBA€ HOBI MOXMJIMBOCTI JUIsl HAYKOBHUX JIOCHIIPKEHb Ta po3BUTKY 3D-Ipyky B OyAiBHHLTBI, a
OTXKE,€ aKTyaITbHOIO Ta BAXKINBOIO HAYKOBO-TEXHIYHOIO 3aJa4€I0 IS PO3BUTKY Oy IiBEIBHOT Tairy3i.
Kpim Toro, 1eit creHJ Moke OyTH BUKOPUCTAHMH SIK HaBYAIBHHIl IHCTPYMEHT I CTYJCHTIB Ta
(axiBLiB y ramysi OyIiBHULTBA.

1.MeshLab: ~ an  open-source  mesh  processing  tool.  Eurographics DL  Home. URL:
http://diglib.eg.org/handle/10.2312/LocalChapterEvents.ltalChap.ItalianChapConf2008.129-136 (nara 3BepHeHHS:
05.04.2023).

2. Robot simulator CoppeliaSim: create, compose, simulate, any robot - Coppelia Robotics. Robot simulator
CoppeliaSim: create, compose, simulate, any robot - Coppelia Robotics. URL: https://www.coppeliarobotics.com/
(nara 3Beprenns: 05.04.2023).
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The purpose of the research is to develop a stand for physical modeling of 3D printing
processes of construction objects, since 3D printing has become widely used in construction in
recent years. The use of 3D printing in construction allows you to quickly and efficiently
manufacture complex structures, reduce the cost of materials, labor intensity and construction
waste, and so on.

The stand for physical modeling of the processes of 3D printing of construction objects will
allow experiments and testing before implementing the construction project in practice. Thus,
possible problems and errors will be identified even before the start of construction. In addition, the
stand will allow to research new materials and technologies that can be used in construction.

The implementation of the project takes place in several stages.

At the first stage, an accurate digital 3D model of the object is created directly using
FreeCAD and converted into STL format using the built-in plugin.

At the second stage, the resulting model is processed and optimized using MeshLab [1] by
correcting defects, adjusting the size of the source file, ensuring correct orientation, defining and
specifying geometric characteristics, and exporting the edited 3D model into a format supported by
a 3D printer.

At the third stage, the file is directly prepared for 3D printing by means of Cura. Settings are
created taking into account various factors, such as the type of material used during printing, the
size and shape of the model, the level of detail that must be obtained in the final result, etc.

At the fourth stage, the 3D printing process is simulated using CoppeliaSim, which allows
you to virtually test and optimize printing processes, thereby reducing material waste and increasing
production efficiency on real construction 3D printers. It should be noted that CoppeliaSim is not a
generation program G-code, since its main function is the modeling and simulation of robotic
systems [2].

At the last stage, the physical implementation of the 3D printing process takes place on real
construction equipment. It should be noted that the listed stages are closely interdependent with
each other. Therefore, it is necessary to provide for the possibility of manual entry and editing of
parameters at each stage separately and in the system as a whole.

Creating a stand for physical modeling of 3D printing processes of construction objects opens
up new opportunities for scientific research and development of 3D printing in construction, and
therefore is an urgent and important scientific and technical task for the development of the
construction industry. In addition, this stand can be used as an educational tool for students and
construction professionals.

1.MeshLab: an open-source mesh processing  tool. Eurographics DL Home. URL:
http://diglib.eg.org/handle/10.2312/LocalChapterEvents.ltalChap.ItalianChapConf2008.129-136 (date of access:
05.04.2023).

2. Robot simulator CoppeliaSim: create, compose, simulate, any robot - Coppelia Robotics. Robot simulator
CoppeliaSim: create, compose, simulate, any robot - Coppelia Robotics. URL: https://www.coppeliarobotics.com/
(date of access: 05.04.2023).
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Mera mocnmimKeHHS - OCOONMBO aKTyalbHO NOCTIIKEHHS LIUX MaTepialiB i BHpoOiB Ha
O10MONIKO/KEHHSI, Y pa3i BBEIEHHS 1O X CKJaJly HOBHX KOMIIOHEHTIB, OCKUIBKM MiKPOCKOMIYHI
rpuOM 37aTHI IHTEHCMBHAa POCTHM 1 PO3BHMBATUCS Ha TakKUX CyOcTpaTax B yMOBax BHCOKOI
TEeMIIepaTypH. 1 BOJOrOCTi, 3MIHIOIOTH ()I3UKO-XIMiuHI, MEXaHi4Hi BJIACTUBOCTI, CHPHSIOTH iX
pyiinyBanuio [1, 2].IlomkomkeHi MaTepiaid Ta BHPOOM CTAalOTh JOKEPEIOM  3apayKCHHS
HAaBKOJIHIITHBOTO CEPELOBHUIA CIIOPAMU MIKPOCKOIIIYHHX TPUOKIB.

Bapa3 y OarathoX KpaiHaXx yBary BeQy4YMX BYCHHX IIpuUBepTac Oiojerpanaris
(GiomomKoKeHHS), 0COONMBA yBara NPHIUIETBCS MIKPOCKOMYHUM TpubaM, SKi Bimomi sk
MPOAYLCHTH OIiOJIOTIYHO AKTUBHUX 1 BKIMBHX PEYOBHMH. (PEPMEHTIB, aHTHOIOTHKIB, TOKCHHIB,
(axTopiB POCTY POCIUH, OPraHIYHMX KHUCIOTH, HE3BAXKAIOUM HA BEJIUKUH 0OCAT JIOCHIIKEeHb i
3HAYHHI IPAKTUYHUI MOTSHIIIAN, TUTAHHS € 3aJIMIIAETHCS AKTyaIbHUM.

BpaxoByroun morpebu  iHTEHCH]iKamii MPOMHCIOBOTO 1  CUJIbCBKOTOCIOIAPCHKOTO
BUPOOHMITBA Ta BCE OULIBIIONO BHKOPHCTAHHS XIMIKaTiB, aHTPONOIEHHE HABAHTAKEHHS Ha
HaBKOJIMIIIHE CEPEIOBHILEC 3HAYHO 3pOCTaE. besnepedHo BaKIMBUM € Te, 10 OKAa3HUK CTiIKOCTI 10
rpuOKiB U1 O6araThbox MarepiaiiB OeTOHY, JiepeBa, T'yMH € OCHOBHHUM 1 CKIIaJOBUM KOMIIOHEHTOM
OaraTboX BHUPOOIB, SKi IIMPOKO BUKOPUCTOBYIOThCA B OyIIBHHITBI, PI3HUX Taly3sSX HApOIHOTO
rocrojapcTa. ToMy JOCTI/DKEHHSI IMX MaTtepianiB 1 BUpOOiB Ha TPUOKOBY CTIMKICTH € OCOOJIUBO
BaXJIMBUM Yy Pa3i BBEIEHHS JIO0 IX CKJIaJly HOBHX KOMIIOHEHTIB, OCKIJIbKM MIKPOCKOMIYHI rpuOu
3[IaTHI IHTEHCHBHA POCTH i PO3BUBATHCS HA TaKMX CyOCTparax B yMOBax BHCOKOI TEMIIEpaTypH i
BOJIOTOCTI. SIK HACHIIOK, 3MiHIOOTHCS (Pi3MKO-XIMIYHI, MEXaHiIYHI BJIACTUBOCTI SIKI CIIPHUSIOTH iX
pyiinyBanuio[1, 2]. TakoX NOIMIKO/DKEHI MaTepiald Ta BHPOOM CTAalOTh JDKEPETIOM 3apa)KeHHS
HaBKOJIMIIHBOTO CEPEJIOBHIA CIIOPAMH  MIKPOCKOMIYHUX TIpuOKiB.CTyNiHh TOKCHYHOCTI Ta
BJIACTHBOCTI 3aJIe)KaTh Bijl XIMIYHOI CTPYKTYPH Ta KOHIIEHTPAL], a piBeHb NMPOIYKIii 3aJIeXKUTh BiJ
BOJIOTOCTI cyOcTpaTy Ta TemnepaTypHux yMoB. Cepel rpuOKOBHX Mapa3uTiB HAWCEPHO3HILINM €
1auyyuid rpud. YMOBH HOro 3pOCTaHHS — HAsIBHICTh BOTKOCTI, BIICYTHICTB CBITJIa Ta BEHTHJIALII,
JIYIICHHS, CKOJIIOBaHHS, PO3PUBAHHS TOLIO TMOPYUIYIOTh CKJIQJOBI JEPEBUHH, 3HIDKYIOTH il
MinHicTh, MinHicTs Ha pospus [3]. Hebesmeka st HaBKOJMIIHBOTO CEPEIOBHUINA Ta 3I0POB'S
JIIO/ICH TIPH MIKOJIOTTYHOMY MOLIKO/KEHHI JIepeB'sHUX KOHCTPYKIiH OyaiBeNb i COpy/[| - 4aCTKOBE
a00 MOBHE pyHHYBaHHS KOHCTPYKTHBHHX €JIEMEHTIB OyIiBII, sIK HACIIIOK - EKOHOMIYHI, COLialbHI
Ta €KOJIOT1YHI 30MTKH; aJepriyHi Ta XBOPOOJIMBI peaxiii JIOMHU BHACTIOK BIUIMBY HA OpraHi3M
MeTaboIITIB — MIKO JeCTPYKTOPIB.

OTxe,MOINPEHUH CIIoci0 3aXMCTy JEPEeBUHM BiJ O10JIOTIYHOI pyiHall - OlonnaM, aKTHBHA
pCUYOBHHA, [0 HETaTHBHO BIUIMBAE HA 3I0POB'Sl JIOIWHH, HABKOIMIIHE cepemoBumie. Hamu
JOCIIPKEHOTa 3allpOIIOHOBAHO CHELianbHe PO3po0JIeHe MOKPUTTS, O€3 HEraTMBHOTO BIUIMBY Ha
noBkist [3].0co6auBo MpUBaGIMBUM, Ha Hall MOIJIAA € BIPOBAKEHHS WOro MpH BigOymoBi Ta
BIJJHOBJICHHI OY/JIMHKIB Ta CIIOpPYZ HAIIOI KpaiHW, MOMJIMBICTH BUKOPHCTAHHS VISl TOCII/PKCHHS B
HaJaJi 3aIUIAHOBAHUX HaMU Cepii eKCIICPIMEHTIB.

1. Mikhailovsky, D. Derevina - modern everyday material / D. Mikhailovsky, R. Zaets, A. Chubarev //
Mistobuduvannya and territorial planning: NTZ. - K.: KNUBA, 2014. - 250 p.

2. Vlasov, D. Biodegradation of building materials and ways of protection against biocorrosion // Alitinform, 2009. -
67 p.

3. Zhuravska, N. Energy-resource and ecologo-saving technologies for the promotion of protection against bio-
optimization of future constructions and materials. Location and territorial planning: NTZ. Vid. ed. M. Osetrin. -
K.: KNUBA, 2016. - VIP. 61 (special) - P.170 - 173.
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The purpose of the research is the study of these materials and products for biodamage, in
case of introducing new components into their composition, because microscopic fungi are able to
intensively grow and develop on such substrates in conditions of high temperature. and humidity,
change physico-chemical, mechanical properties, contribute to their destruction [1, 2]. Damaged
materials and products become a source of contamination of the environment with spores of
microscopic fungi.

Now, in many countries, the attention of leading scientists is drawn to biodegradation
(biodamage), special attention is paid to microscopic fungi, which are known as producers of
biologically active and important substances: enzymes, antibiotics, toxins, plant growth factors,
organic acids, despite the large amount of research and significant practical potential, the question
remains relevant.

Taking into account the needs of intensification of industrial and agricultural production and
the increasing use of chemicals, the anthropogenic load on the environment is growing
significantly. It is undoubtedly important that the indicator of resistance to fungi for many materials
of concrete, wood, rubber is the main and component of many products that are widely used in
construction, various branches of the national economy. Therefore, the study of these materials and
products for fungal resistance is especially important in the case of introducing new components
into their composition, since microscopic fungi are able to intensively grow and develop on such
substrates in conditions of high temperature and humidity. As a result, the physico-chemical and
mechanical properties that contribute to their destruction change [1, 2]. Also, damaged materials
and products become a source of contamination of the environment with spores of microscopic
fungi. The degree of toxicity and properties depend on the chemical structure and concentration,
and the level of production depends on the humidity of the substrate and temperature conditions.
Among the fungal parasites, the weeping mushroom is the most serious. The conditions of its
growth - the presence of moisture, lack of light and ventilation, peeling, chipping, tearing, etc.
disrupt the components of wood, reduce its strength, tensile strength [3]. Danger to the environment
and human health in case of mycological damage to wooden structures of buildings and structures -
partial or complete destruction of structural elements of the building, as a result - economic, social
and ecological losses; allergic and painful reactions of a person due to the effect on the body of
metabolites - myco-destructors.

So, a common method of protecting wood from biological destruction is biocides, an active
substance that negatively affects human health and the environment. We have researched and
proposed a specially developed coating without negative impact on the environment [3].
Particularly attractive, in our opinion, is its implementation during the reconstruction and
restoration of buildings and structures in our country, the possibility of using it for research in the
future series of experiments planned by us.

1. Mikhailovsky, D. Derevina - modern everyday material / D. Mikhailovsky, R. Zaets, A. Chubarev //
Mistobuduvannya and territorial planning: NTZ. - K.: KNUBA, 2014. - 250 p.

2. Vlasov, D. Biodegradation of building materials and ways of protection against biocorrosion // Alitinform, 2009.-
67 p.

3. Zhuravska, N. Energy-resource and ecologo-saving technologies for the promotion of protection against bio-
optimization of future constructions and materials. Location and territorial planning: NTZ. Vid. ed. M. Osetrin. -
K.: KNUBA, 2016. - VIP. 61 (special) - P.170 - 173.
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Poman JKypasnvos, 3006y6au opyzozo (mazicmepcbkozo) pieHs 6uwol 0céimu 3a 0C6iMHbOI0
npozpamoro «IIpomucnose i yusinone Oyoisnuymeo», http://orcid.org/0000-0001-8259-4831
Bipa Konasxosa, kand.mexu.nayx. ooyenn, 0oyeHm xapeopu 3aniz00emoHHux ma Kam’ sHux
rxonempykyit, https://orcid.org/0000-0001-6879-8520

Kuiscoruil nayionanenuil ynieepcumem 6yoisnuymea i apximexmypu (m. Kuig)

Meroto naHOi HayKoBOi POOOTH € BHSBICHHS BIUIMBY HEBPaxoBaHHX (AKTOPIB MpH
MPOEKTYBAaHHI MOHOJITHUX TOHKOCTIHHHMX 3aJi300€TOHHUX KOHCTPYKLIH Ha iX eKcIuryarauiiHy
HaJiMHICTh IUIIXOM HOPIBHSIHHS SKOCTi BUKOHAHHUX OYIiBEIbHO-MOHTQKHUX POOIT 3 MPOSKTHUMH
pIlICHHSIMH Ta aHaJi3y MIHJIMBOCTI MIIHOCTI OETOHY Ta (D)aKTUYHOrO PO3MIIIECHHS apMaTypH B
MO3J0BXKHBOMY 1 IONEPCYHOMY HANpPSAMKAX dYepe3 MiHIMBICTh PO3MIIICHHS POOOYUX KPOKIiB
apMaTypH Ha 0OCTEKEHNX eJIeMEHTax.

Ilix yac TpoOBeNEHHS KamiTalIbHOTO PEMOHTY OamTH Oyino 3iHCHEHO IHCTPYMEHTaJIbHE
JOCIHIDKCHHSI, 1100 BU3HAYUTH (AKTHUUHI BIICTAHI MK OCSIMH OKPEMO BCTaHOBJICHUX POOOYHX
CTPHXKHIB apMaTypH (KpOKiB apMaTypu) B MOHOJIITHIN 3a51i300€TOHHI 060510HI11 cToBOYpa [2].
| 8 O R

n_pn.o_oflo o ta

Puc.1-Po3MmiTka 30H 11 BUMipIOBAaHHS Ha Puc.2-Buz Ha 1eBHi YaCTHHU BHYTPIIIHBOT
PO3ropTLi BHYTPILIHBOI IOBEPXHi CTOBOYpa Oamtu MOBEpXHi CTOBOYpa GaiuTu

PesynpraTu HaTYpHHUX HOCHiIXKEHb CBiIYaTh, IO apMyBaHHSI MOHOJITHOIO CTOBOypa Gamitu
BUKOHAHE 3 BIIXMJICHHSAMH BiJ IPOEKTHOTO pimreHHs. IImomi pobodoi apmaTypu OyiM 3aHMKEHI,
OCKUJIbKM KPOKH MDK OCSIMH apMaTypHHUX CTPHXKHIB OyJIH HEOOIPYHTOBAaHO 30iJIbIIEHI.
JocmimKeHHS IOKa3alH, II0 KPOKH po0o4oi Ta KOHCTPYKTHBHOI apMaTypH MailOTh BEIIHKY
Bapiarito[2].

Hiroui Hopmu [1] He micTsiTh MeTOIMKH, sika O BpaxoByBalla BEJMKY Bapialilo KpOKiB
apMaTypHHX CTpPIDKHIB Ha ()IKCOBAaHMX XapaKTEpPHHX MIISHKAX KOHTPOIIO Y MOHOJITHHUX
TOHKOCTIHHHMX 3aJ1i300€TOHHHMX IUIMTHUX KOHCTPYKIIsX. SIKIIO KPOKM apMaTypd BHKOHaHi 3
MOPYLICHHSIM [OIYCKiB IO BIZHOIICHHIO IO MPOEKTHHX PIlICHb, 1I€ MOXKE 3HAYHO MOTIPIIUTH
eKCIUTyaTaliiHi XapaKTepUCTHKH TOHKOCTIHHHMX 3ali300€TOHHMX KOHCTpyKHid. Tomy s
YCYHEHHSI HEJIOJIKIB Yy SIKOCTI BUKOHAHHsS OyJiBEJIbHUX POOIT B 3aii300€TOHHMX KOHCTPYKIISX
MOYKHA 3aCTOCYBAaTH KOHCTPYKTHBHI 3aX0/IM 3 PEMOHTY Ta mifcuiieHHs. Lle monomoxe 3ade3neunt
HeoOXiJHy HeCydy 3/aTHICTh Ta TPIIMHOCTIHKICTh KOHCTPYKILT Ha TEXHOJNOTIUHI HABAHTAXKEHHS Ta
TeMIepaTypHi BIUIUBY, BKIIOUAIOYX BUIPABICHHS MIHIMBOCTI KPOKIB apMaTypH.

1. IBH B.B.2.6-98:2009. Koucrpyxkuii OyauHkis i ciopy. berouni ta 3anizo6eronni konctpykuii. OcHOBHi
nosioxkeHHs1. — KuiB, Minperion6ynykpainu, 2011

2. I'Tnapuies. OriHka MIHIMBOCTI KPOKIB apMaTypH y MOHOJIITHI# 3a1i300eTOHHIi 00010HLi OamToBoi
npomuciosoi criopyau/ I'.Tnamumes. 1.Tnamummes, P.)XKypasibos. //36. Hayk. npais ByaiBenbHi KOHCTPYKIIii.
Teopist i npakruka. Bum.9.-K.- KHYBA. - 2021. - C. 45-53.DOI: https://doi.org/10.32347/2522-4182.9.2021.45-
53
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Influence of reinforcement step variability on the monolithic reinforced
concrete shell of an industrial tower structure

Zhuravlov Roman, master student, http://orcid.org/0000-0001-8259-4831
Vira Koliakova, candidate of technical Sciences, Associate Professor, Departmentof
Reinforced Concrete and Stone Structures, https://orcid.org/0000-0001-6879-8520

Kyiv National University of Construction and Architecture.

The aim of this research is to identify the influence of unaccounted-for factors in the design of
monolithic thin-walled reinforced concrete structures on their operational reliability by comparing
the quality of construction and installation works performed with design solutions and analyzing the
variability of concrete strength and the actual placement of reinforcement in the longitudinal and
transverse directions due to the variability of the placement of reinforcement working steps on the
examined elements.

During the overhaul of the tower, an instrumental study was carried out to determine the
actual distances between the axes of separately installed reinforcement bars (reinforcement pitches)
in the monolithic reinforced concrete shell of the shaft[2].
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Pic. 1 - Marking of zones for measurement on  Pic.2 - View of certain parts of the inner
the scan of the inner surface of the tower barrel  surface of the tower barrel

The results of the field investigations indicate that the reinforcement of the monolithic tower
trunk was performed with deviations from the design solution. The areas of the working
reinforcement were underestimated because the spacing between the axes of the reinforcing rods
was unreasonably increased. Studies have shown that the spacing of working and structural
reinforcement has a large variation[2].

The current standards[1] do not contain a methodology that would take into account the large
variation of reinforcing bars spacing at fixed characteristic control sections in monolithic thin-
walled reinforced concrete slab structures. If the reinforcement spacing is not in compliance with
the design tolerances, this can significantly impair the performance of thin-walled reinforced
concrete structures. Therefore, to eliminate deficiencies in the quality of construction work in
reinforced concrete structures, structural repair and reinforcement measures can be applied. This
will help to ensure the required bearing capacity and crack resistance of the structure to
technological loads and temperature effects, including the correction of the variability of
reinforcement pitches.

1.DBN B.V.2.6-98:2009. Konstruktsii budynkiv i sporud. Betonni ta zalizobetonni konstruktsii. Osnovni
polozhennia. — Kyiv, Minrehionbud Ukrainy, 2011

2.H.Hladyshev. Otsinka minlyvosti krokiv armatury u monolitnii zalizobetonnii obolontsi bashtovoi promyslovoi
sporudy / H.HIladyshev. D.Hladyshev, R.Zhuravlov. //Zb. nauk. prats Budivelni konstruktsii. Teoriia i praktyka.
Vyp.9.-K.- KNUBA. - 2021. - S. 45-53.DOI: https://doi.org/10.32347/2522-4182.9.2021.45-53
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IIpo6aemu rapmoHizauii OyaiBeIbHUX HOPM
1010 PO3PAXYHKY KaM’ STHUX Ta apMOKaM’ STHUX KOHCTPYKILif

Jleonio CKopyk, KawO.mexH.HayK, OoyeHm Kagheopu 3anizobemoHHux ma Kam’sHux
xonempykyiil, http://orcid.org/0000-0002-7362-1348

Kuiscorutl nayionanvruil yHigepcumem 6yoieHuymea i apximexmypu (m. Kuig)

OCHOBHHM BEKTOPOM PO3BUTKY HOPMATHBHOI 0a3u OyAiBHHLITBA YKpaiHu € Ii rapMOHi3allis i3
HOopMaTuBHOMK Oa3or €C. Ykpaina oOpaia crocid rapMoHi3alii HallioHaaIbHOT HOPMaTHBHOT 0a3u 3
€BpOIEIICPKOI0 HOPMATHBHOIO 0a30i0 dYepe3 (OPMYBaHHS CHCTEMH MapaleIbHO MAIFOUHX
HopMaTUBHHX 0a3. Y 2018 p. Oyiu 3HsTI OCTaHHI OOMEKEHHS 1010 OJJHOYACHOI Jii OYHiBENbHUX
HOPM, PO3pOOJIEHUX HA OCHOBI HALlIOHAJIBHUX TEXHOJOTIYHUX TPaJHLiil, Ta OyHiBENbHUX HOPM,
rapMOHI30BaHUX 3 HOPMATUBHUMH JoKyMeHTamu €C, Ha Bci 00’ €KTH OyMIBHHUIITBA, HE3AIEKHO BiJ
KJIaCy HAaCJiJIKiB.

Jlns  BU3HAYCHHS CTYNEHIB  BIANOBIAHOCTI MDK HAI[lOHAJIBHUM T4 MDKHAPOJHUM
(eBporelicbKiM) HOPMATHBHUMH JJOKYMEHTAMH BHKOPHCTOBYIOTH HACTYIIHY CHCTEMY IO3HAYEHB:
IDT — inenTnunmii cryniue BignosigHocti; MOD — moaudikoBanuii cryninb BianosigHocti; NEQ
— HEEKBIBAJICHTHUH CTYIIHb BiITOBIqHOCTI. HallioHanpHiii HOpPMATUBHUI TOKYMEHT € 1ICHTHYHUM
MiKHApOIHOMY (€BpOTEHiCbKOMY), SIKIIO BiH € iICHTHYHKUM 3a TEXHIYHUM 3MICTOM, CTPYKTYpOIO i
BHUKJIaA0M (Horo mpuifHATO OAHi€I0 3 MOB opuriHamy abo BiH € IIEHTHYHHM NEPEKIaIoM), HpH
LbOMY JOIYCKAIOThCS HE3HAYHI pemakiiiHi 3MiHH. TOOTO NOTPUMYETHCS MPHHIMUI 3BOPOTHOCTI
JIOKYMEHTIB.

TakoXk, y CKIaji €BpONEHChKUX cTaHmapTiB € Harionamshi nomatku (National Annex), siki
MICTSTh TIapaMeTpH, BU3HAYCHI HAa HAI[lOHAILHOMY pIiBHI, Ta SKi CJiJi BHKOPHCTOBYBATU JUIs
IIPOCKTYBAHHS y INEBHIH KpaiHi 3 ypaxXyBaHHAM CIENU(IKU TEPUTOPiH, HAIOHAIBHUX TPaIHIIH,
CKOHOMIYHOTO CTaHy JeprKaBH TOLIO.

3apa3 Ha Teputopii Ykpainu mie JIBH B.2.6-162:2010 [1], sikuit Oyno BBeAEHO Ha 3aMiHy
CHull 11-22-81 [3]. V Berymi mo nokymenry [1] 3asmadeno, mo mpu Horo po3poOii BpaxoBaHi
ocHOBHI Tontoxkersst Ta npuHimnE EN 1996-1-1 [4], oxxak o3naku imenruunocti (IDT) y mporo
nokymenrta Hemae. Kpim toro, takox aie JICTY b B.2.6-207:2015 [2], y 3araibHuUX MONOXKESHHSIX
SIKOTO BKa3aHo, IO 1Ieii cranmapT po3pobiieno y possutok JIBH B.2.6-162:2010 [1].

Omxe, Hapa3i Ha TepuTopil YKpailHU € YUHHUMH TPU HOPMATHBHUX TOKYMEHTH, 3TiJHO SKHUX
MOKHA TIPOEKTYyBAaTH KaM sHI Ta apMoKaM siHi KoHCTpykmii. [IpmpomHbo, mo mi HOpMAaTHBHI
JOKYMEHTH MaioTh 0a3yBaTHCh Ha OJHAKOBHX TCOPETHYHHX 3acajax Ta HE CYNEPEYUTH OIHH
OJTHOMY .

1. JIBH B.2.6-162:2010. Kam’stni ta apmoxam’sini koHcTpykitii. — K.: MinGyn Vipainu, 2011, — 94 ¢. — unnnmii 3
01.09.2011.

2. ICTY b B.2.6-207:2015. Po3paxyHOK i KOHCTPYIOBaHHs KaM’sIHMX Ta apMOKaM’ SIHUX KOHCTPyKIii OyaiBens Ta
cnopya. — K.: Miuperion Ykpainu, 2016. — 256 ¢. — unnnmii 3 01.04.2016.

3.CHulI 11-22-81. KameHHbIe i apMOKaMEHHbIE KOHCTPYKIHN. — HE I0UHii.

4. ]ICTY-H B EN 1996-1-1:2010. €Bpokox 6: ITpoekryBanHs Kam’sHHX KOHCTpYKUid — Yactuna 1-1: 3aranbHi
paBHIIa JUIsl apMOBAHKX Ta HEAPMOBAHUX KaM siHUX KoHCTpykiiit (EN 1996-1-1:2005, IDT). — K.: MinictepctBo
perioHaNbHOTO PO3BHUTKY, OyIiBHHLTBA Ta JXUTIOBO-KOMYHAIBHOrO rocmojapctBa Ykpainu, 2011. — 196 c. —
uynnHuii 3 01.07.2013.
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Problems of harmonization of building regulations
regarding the calculation of stone and reinforced stone structures

Leonid. Skoruk, candidate of technical sciences, head of the Department of Reinforced
Concrete and Stone Structures, http://orcid.org/0000-0002-7362-1348

Kyiv National University of Construction and Architecture

The main vector of development of the regulatory framework for the construction of Ukraine
is its harmonization with the EU regulatory framework. Ukraine has chosen a way to harmonize the
national regulatory framework with the European regulatory framework through the formation of a
system of parallel regulatory frameworks. In 2018, the latest restrictions on the simultaneous
operation of building codes developed on the basis of national technological traditions were lifted,
and building codes harmonized with EU regulations for all construction projects, regardless of the
class of consequences.

To determine the degrees of conformity between national and international (European)
regulatory documents, the following system of designations is used: IDT — identical degree of
compliance; MOD — modified degree of compliance; NEQ — an equivalent degree of compliance.
The national normative document is identical to the international (European) one, if it is identical in
technical content, structure and presentation (it is accepted in one of the original languages or it is
an identical translation), with minor editorial changes allowed. That is, the principle of the return of
documents is observed.

Also, European standards include national annexes (National Annex), which contain
parameters defined at the national level, and which should be used for design in a particular
country, taking into account the specifics of territories, national traditions, the economic condition
of the state, etc.

Now on the territory of Ukraine there is a DBN V.2.6-162: 2010 [1], which was introduced to
replace SNiP 11-22-81 [3]. The introduction to the document [1] states that its development takes
into account the main provisions and principles of EN 1996-1-1 [4], however, this document has no
sign of identity (IDT). In addition, DSTU B V.2.6-207: 2015 [2] is also in force, the general
provisions of which indicate that this standard was developed in the development of DBN V.2.6-
162: 2010 [1].

So, currently on the territory of Ukraine there are three regulatory documents, according to
which it is possible to design stone and reinforced stone structures. Naturally, these normative
documents should be based on the same theoretical principles and not contradict each other.

1. DBN V.2.6-162:2010. Kamiani ta armokamiani konstruktsii. — K.: Minbud Ukrainy, 2011. — 94 s. — chynnyi z
01.09.2011.

2. DSTU B V.2.6-207:2015. Rozrakhunok i konstruiuvannia kamianykh ta armokamianykh konstruktsii budivel ta
sporud. — K.: Minrehion Ukrainy, 2016. — 256 s. — chynnyi z 01.04.2016.

3.SNyP 11-22-81. Kamennsie y armokamennsie konstruktsyy. — ne diiuchyi.

4.DSTU-N B EN 1996-1-1:2010. Yevrokod 6: Proektuvannia kamianykh konstruktsii — Chastyna 1-1: Zahalni
pravyla dlia armovanykh ta nearmovanykh kamianykh konstruktsii (EN 1996-1-1:2005, IDT). — K.: Ministerstvo
rehionalnoho rozvytku, budivnytstva ta zhytlovo-komunalnoho hospodarstva Ukrainy, 2011. — 196 s. —chynnyi z
01.07.2013.
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Kuiscokuil nayionanvruil ynisepcumem 6yoienuymea i apximexmypu (m. Kuis)

HamizgcraBi y3aralbHEeHMX JaHUX, OTPHUMAaHUX 3 JOCBIAY BITYM3HSHOIO 1 3apyOiKHOTO
OyIiBHHUITBA, 3p00JICHO BHCHOBOK IIPO T€, IO CaMe B ramysi JepeB’sHOro OyAiBHUITBA CTBOPEHI
peabHi MOKIIMBOCTI IJIS 3aCTOCYBAHHS NPUHIMINB Ta MPHHOMIB iH(GOpMamiiiHOro MO/eIIOBaHHS
criopy/1 Ha 0a3i KOMIT IOTepHUXTEXHONIOTiH. [le moB’s13aHO 3 BUCOKOKO 3aBOJICEKO TOTOBHICTIO Ta
CKJIAJHUMK LHU(GPOBUMH TEXHOJOTISIMH BUTOTOBICHHA KOHCTPYKTHBHHX €JICMEHTIB Cy4acHHX
JepeB’ssHUX KOHCTPYKUiH. 3acoon BIM-mpoekryBaHHsS Oysi BHKOPHCTaHI Ta IpOaHai30BaHI B
IpoLeci MPOEKTyBaHHs MyJIbTUKYIIOJIBHOI CIIOPY/AH, CKIAAHICTh SKOI MOJIATa€E SIK B apXiTEKTYPHOMY
pilieHHi, Tak i B BHpILICHHI HU3KHM 33/1a4, OB S3aHUX3 HEJTIHIHHICTIO MOBENIHKH AEPEB’SIHUX
KOHCTPYKIIi Ta iX eIEMEHTIB.

Hecyunmu enemeHTaMH KOHCTpPYKIiH € momiaHo-kieeHi apku. KymonbHi 06’eMu yTBOpeHi
apKaMy, apXiTeKTypHe MOJICTIOBAHHS SIKMX BUKOHAHE IapaMeTpPUYHO. 3a JOMOMOIOI0 YHCEITEHOrO
MOJICTIIOBAHHS MPOCTOPOBOI CHOPYJH OTPUMAaHI BiJOMOCTI MPO HABAHTAXKEHHS Ta HAIpPYKEHO-
ne(hOopMOBaHHI CTaH OCHOBHUX HECYYHX KOHCTPYKIUIil. BIATIOBIIHO 10 YMHHUX HOPM IPOCKTYBAaHHS
HaIpy)keHO-1e()OPMOBAHUI CTaH IPOAHANII30BAHO 13 3aCTOCYBAHHSAM HENHIMHOTO PO3PAXyHKY.
MopentoBanHs  (i3uuHOI HEMIHIHOCTI €JNEMEHTIB HECy4MX KOHCTPYKIiH BHUKOHYBalOCh 3a
JIOTIOMOT'0I0  CKIHYEHHHX €JIEMEHTIB, 1[0 OINEPYIOTh 0i0Ii0TEeKOI0 3aKOHIB JedopMyBaHHI
Matepianis.

®opmyBanHs iHPOpPMAILIHHOT Ta aHAJITUYHOI MOJENel y BHIVISII JIHIH Ta MOBEPXOHb
BHUKOHaHE 13 3acTocyBaHHsIM ckiHdeHHuX enemeHTiB [IK CAIIOUP ta IIK JIIPA-CAIIP,mo0
MPAIOIOTh 3 ypaxyBaHHsM (iznunoi HeminiitHocTi (KD200), reomerpnunoi Hemiuiitrocti (KD300)
abo ¢ismunol i reomerpuunoi HeminiliHOCTI OxHO4YacHo (KD400). BpaxyBaHHs IiiaTiMBOCTi
BY3JIOBUX 3’€[IHAHb BpaxoBaHe 3a JOMOMOrol KiHieBoro emementa K355. IlpoektyBanHs 3a
noromMororo cymicaoro Bukopucranus I1K Candip ta ITK JIIPA-CAIIP no3sommin BpaxoByBaTH
pumoru JIBH Ta iHIIMX HOpPMAaTUBHUX NOKYMEHTIB, BKIIOUHO 3 €Bpokox 5. [loganbma po3podka
BY3JIOBHX CIIPSDKCHb BUKOHAHA 3 BUKOPHCTaHHAM 3D MozenmroBaHHS 3 Iepenadero iHpopMamiiHol
mozeni B ITK Tekla Structures.

Ipu npoekryBanHi OyniBenpHux koHcTpyKiit [TK Tekla e cnerianizoBannm cepemoBuiiem,
eKcHopT iH(popMalii 10 gkoro peanizoBano 3a ponomororo IFC daiimy. Uepes nesHi 3a30pu Mix
PO3paxyHKOBOIO Ta KOHCTPYKTHBHOIO MOJEJSIMM Ticis iMmopry (aiiiay BHHHMKA€E HEOOXiIHICTh
posmi3HaBaHHsS eleMeHTiB. 3a jgomomororo iHdopmariiiaoi cucremu Tekla Gyno Bukonano
KOHCTPYIOBAHHS BY3JIiB 1 Iepepi3iB, CTBOPEHHs crieiu(ikaiiii Ta BUBi Ha IPYK poOOUYHX KpecieHb
MPOEKTY. By/u MOBHICTIO pO3paxoBaHi Ta 3aKOHCTPYHOBaHI OCHOBHI By3JH cucTeMu. Benunka yBara
npuaiieHa ysromkenus 2D 1 3D mopgeneld Ta moOymoBi BIANOBIAHUX KpecieHb. B mporeci
MPOEKTYBaHHs c(hOPMyYJILOBAHI MUTAHHS, SIKI B MOAAJIBIIOMY MalOTh BUPIIIYBATHCS KOMIUIEKCHO 3
no3utii BIM—-nipoexryBausst [1], 3 6111100 Y1 MEHIIIOIO [IHPOTOIO OXOIUICHHS 33124 HPOCKTY.

ExcrniepuMmenTanbHe TNPOEKTyBaHHS BHMKOHAaHe Ha Kadelpi MeTaleBHX Ta JAepeB’sHUX
xoHcTpykuiit KHYBA [2].

1. Budko T.G., Lavrinenko L.L.Structural Analysis and 3D Timber Spatial Structure Modeling— Building
Constructions. Theory and Practice Byisenshi koxctpykiii. Teopis i npakruka. Bur. 8 (2021) — ¢. 4 - 16

https://doi.org/10.32347/2522-4182.8.2021.4-16

2. Anamenko B. M.Jlocin BmpoBamkeHHs BIM-texHosoriii B HaBuanpHHN mpouec Ha kadeapi meranaeBux i
nepes'snux koucrpykuiit KHYBA — Byoisenvni koncmpyxuyii. Teopis i npakmuxa. Bumn. 10 (2022) — c. 56— 68.
DOI: https://doi.org/10.32347/2522-4182.9.2021.56-68
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Based on the generalized data obtained from the experience of domestic and foreign
construction, it was concluded that it was in the field of wooden housing construction that real
opportunities were created for applying the principles and methods of information modeling of
buildings based on computer technologies. This is due to a high degree of prefabrication and
complex digital technologies for manufacturing structural elements of modern wooden structures.
BIM design tools were used and analyzed in the process of designing a multi-dome structure, the
complexity of which lies both in the architectural solution and in solving a number of problems
associated with the non-linear behavior of wooden structures and their elements.

The load-bearing structural elements are glued wooden arches. The volumes of the dome are
formed by arches, the architectural modeling of which is performed parametrically. With the help of
numerical modeling of a spatial structure, information was obtained on the load and stress-strain
state of the main load-bearing structures. In accordance with the current design standards, the stress-
strain state was analyzed using a nonlinear calculation. Modeling of the physical nonlinearity of
elements of load-bearing structures was performed using finite elements operating in the library of
laws of material deformation.

The formation of information-analytical models in the form of lines and surfaces is carried out
using the finite elements of the PC SAPFIR and PC LIRA-SAPR, working taking into account
physical nonlinearity (KE200), geometric nonlinearity (KE300) or physical and geometric
nonlinearity simultaneously. time (KE400). Accounting for the flexibility of nodal connections is
taken into account using the finite element KE55. Design using the combined use of PC SAPFIR
and PC LIRA-SAPR made it possible to take into account the requirements of DBN and other
regulatory documents, including Eurocode 5. Further development of nodal connections was carried
out using 3D modeling with information transfer to the model in Tekla Structures PC. In structural
design, Tekla PC is a specialized environment to which information is exported using an IFC file.
Due to certain gaps between the analysis and construction models, after importing the file, it is
necessary to recognize the elements.

With the help of the Tekla information system, the construction of nodes and sections, the
creation of specifications and the printing of working drawings of the project were completed. The
main components of the system have been fully calculated and designed. During the design process,
questions are formulated that need to be addressed comprehensively from the standpoint of BIM
design [1], with a greater or lesser breadth of coverage of the project tasks.

Experimental design was carried out at the Department of Metal and Wooden Structures of
KNUBA [2].

1. Budko T.G., Lavrinenko L.I.Structural Analysis and 3D Timber Spatial Structure Modeling-—Building
Constructions. Theory and Practice. V. 8 (2021) — pp. 4-16 https://doi.org/10.32347/2522-4182.8.2021.4-16

2. Adamenko V. M.Dosvid vprovadzhennia BIM-tekhnolohii v navchalnyi protses na kafedri metalevykh i
derevianykh konstruktsii KNUBA -Budivelni konstruktsii. Teoriia i praktyka . — 2022. — Vyp. 10. — S. 56-68.
https://doi.org/10.32347/2522-4182.9.2021.56-68
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OcraHHI 1Ba AecATHpidYYs y CBITOBIH HAyKOBiH JiTepaTypi AOCHTH XKBaBO OOTOBOPIOETHCS
HOBHUII 3aci0 MACMBHOrO KOHTPOJIKO BiOpauiii — HeniHiiHUHA nemiipep Manoi Macd, HETiHIHHUI
noriuHayd eHeprii (NES). BUKOHYIOTbCSI aHANITUYHI, YUCIOBI Ta EKCIIEPHUMEHTAIIBHI JOCIIKCHHS.
Baaxkaerscs, mo NES u MoxxyTh OyTH 3aCcTOCOBaHI Ul TaCiHHS KOJUBAaHb BHCOTHHX CIIOPYJ IPH
PI3HUX THIIAX HABAHTAKEHHS: TIEPIOJIMYHOTO, IMITYJILCHOTO, BITPOBOTO Ta HaBITh CEHCMIYHOTO.

3anpornoHoBano Oarato pizHux tuniB NES, oqus 3 HUX BiOpOyAapHUi, ik 0JHOOIYHUM, TaK i
nBoOiuHui. OnHak, BusBieHO, o NES’ M moBoIsITHECS HEOAHO3HAYHO31 3MIHOO MTApaMeTpiB, HABITh
Jy’Ke He3HayHOoo. ToMy BUBUEHHs JUHaMiyHOI noBediHku pizHux TuniB NES 3a pisuux obcraBun
CTAaHOBUTH UHMaIHH IHTEpec 1 € aKTyalnpHHM. MU JOCIKyeMO AMHAMIYHY IIOBEAIHKY
onHo6iunoro Bibpoynaproro NES npu mepiogmuniii 36ymkyrouiilt cumi Fi#) = Pras{m# + q,)
(Puc.1l), BUKOHYIOUYH YHCEIBHE MOJICIFOBAHHSL.
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Puc.1 — KonuenryaibHa cxema Puc.2 — 3anexHicTh aMILTITYIM KOJIMBaHb OCHOBHOTO TiJla Bij
BiOpoyapHoro aemmdepa napameTpiB 30y KYIUOi CHIIM: aMILTITYAd P Ta 4acTOTH®

IMapamerpu ocroBHoro Tina (Primarystructure) 3agani Ta He MOXyTh OyTH 3MiHEHi. AJe Bix
rapaMeTpiB HeliHiiHOro nemidepa Horo epeKTHBHICTD 3aJIEKHUTh Ty>Ke CHIIBHO, TOMY HEOOXiIHO
migioparn  #oro mapaMeTpu TaKMM ~YMHOM, 1100 3a0e3meynTd  HalOuibll  e()eKTHBHE
(GyHKIiOHYyBaHHS, TOOTO MiHIMaIbHI 3HA4YEHHS aMIUNTYJ KOJHMBaHb Ta IIBHAKOCTEH OCHOBHOTO
Tina. 3 Ii€f0 METOI Mapamerpu Jemidepa Oyav ONTHMI30BaHi; Ul aHai3y OyJo B3STO JBa
BapianTu — 3 Mmacor zaemndepa 2.3% Tta 3.8% Bim Macu OCHOBHOrO Tila Ta BiJIOBIIHUMH
3HAYCHHAMHM IHIMX mapamerpiB. Ha Puc.2 nokasana e(ekTHBHICTb raciHHS KOJNUBAaHb B 000X
BapiaHTax MpU 3MiHI aMIUIITY/IM Ta YaCTOTH 30BHIIIHBOIO HaBaHTaXEHHs. ['aciHHs BinOyBaeTbes y
BCHOMY LIMPOKOMY Iialla30Hi 3HAUCHb aMILNTYJ 30yMKyl0doi CHIIH, ajle He Y BCbOMY Jiala3oHi
9acToT, JIMIIE JUIs 4acTOT, OUThIINX pe3oHaHcHOi. HasBHiCTh Nemmdepa 3pymrye MK pe3oHaHCy.
Awmrmnityna 3meHuyerbest npubnusno Ha 10% nmnst 1-ro Bapianta aemndepa Ta npuONIM3HO Ha
15% st 2-ro, pemmndep 3 OULIBIIOI MACOI0 CHIIBHILIE 3MEHIIYE aMIUTTYy KOJHBaHb OCHOBHOI'O
Tija Ta HOro IIBHIKICTH. AJie y L[bOMY BHUIIAJKy BiOpO-ylapHHMH pyX CHCTEeMH Mae Oarary Jyxke
CKJIAJHy AWHAMIKY 3 JABOCTOPOHHIMH yaapaMu paemmdepa sSK O INpaBy MHEpeImIKOAy, Tak i
Oe3rocepeIHbO 00 OCHOBHE TiJIO, 1[0 Ma€e OyTH BPaxoBaHO IPHU MPOCKTYBaHHI onTHMabHOro SSVI
NES.

1. Lizunov, P., Pogorelova, O., & Postnikova, T. (2022). Choice of the Model for Vibro-impact Nonlinear Energy
Sink. Omip marepianis Ta Teopis ciopyx, 108, 63—76. https://doi.org/10.32347/2410- 2547.2022.108.63-76

2. Lizunov, P., Pogorelova, O., & Postnikova, T. (2022). Dynamics of primary structure coupled with single-sided
vibro-impact nonlinear energy sink. Omip matepiarnis Ta Teopist criopyx, 109, 103-113.
https://doi.org/10.32347/2410-2547.2022.109.20-29
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In the last two decades, the world scientific literature has widely discussed the method of
vibrations passive control, that is, a nonlinear small-mass damper, which is called the Nonlinear
Energy Sink (NES). Analytical, numerical, and experimental studies are carried out. It is believed
that NESs can be used to mitigate the vibrations of high-rise buildings under various loading types:
periodic, impulsive, wind, and even seismic. Many different types of NES are offered, one of them
is vibro-impact both single-sided and double-sided.However, VI NES, being a strongly nonlinear
discontinuous vibro-impact system, behave ambiguouslywith a change in parameters, even very
slightlyro.

Therefore, the studyof the dynamical behavior of different NES types in various
circumstances is of the considerable interest and is relevant.We study the dynamic behavior of a
single-sided vibro-impact NES under periodic exciting force F(t) = Pces(ot + ,)(Fig.1) by
numerical simulation using.

016 e 0.30
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Fig.1 — Design scheme of the Fig.2 — Dependence of the primary structure oscillatory amplitudes

single-sidedvibro-impactNES  on the exciting force parameters: amplitudeP and frequency®

The Primary structure parameters are set and cannot be changed. But the damper effectiveness
strongly depends on its parameters, therefore. it is necessary to selectthem in such a way as to
ensure its most efficient operation, that is, the minimal values of the oscillatory amplitudes and
velocities of the primary structure. We optimized the damper parameters and took into
consideration two options — with a damper mass of 2.3% and 3.8% of the primary structure mass
and the corresponding values of other parameters. The effectiveness of vibrations mitigation in both
versions is shown in theFig.2 with a change in the exciting force amplitude and frequency. The
mitigation occurs in a whole wide range of the exciting force amplitudes, but not in all frequency
range, only for frequencies above the resonant one. The damper presence shifts the resonance
peak.The amplitude decreases by approximately 10% for the first damper option and by about 15%
for the second one; a damper with a larger mass more strongly reduces the amplitude and velocity
of the primary structure vibrations. However, in this case the system vibro-impact movement has
rich complex dynamics with bilateral damper impacts both on an obstacle and directly on the
primary structure.This should be taken into account when designing the optimal SSVI NES.

1. Lizunov, P., Pogorelova, O., & Postnikova, T. (2022). Choice of the Model for Vibro-impactNonlinear Energy
Sink.Strength  of Materials and Theory of Structures, 108, 63-76. https://doi.org/10.32347/2410-
2547.2022.108.63-76

2. Lizunov, P., Pogorelova, O., & Postnikova, T. (2022). Dynamics of primary structure coupled with single-sided
vibro-impact nonlinear energy sink. Strength of Materials and Theory of Structures, 109, 103-
113.https://doi.org/10.32347/2410-2547.2022.109.20-29
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2TOB «Apxioenvma»

Hepo3pi3Hi 3a11i300€TOHHI 0aNKu JOCHTH MIUPOKO 3aCTOCOBYIOThCS B OYyAiBEIbHIN raiysi npu
OyxiBHMLTBI OyaiBeNb 1 CHOpYZ, A€ BHUIPOOOBYIOTh MAJIOLMKIIOBI TOBTOPHI 1 3HAKO3MiHHI
HaBaHTaxxeHHA. HampyxeHo - nedopMoBanuii cTaH 0anok 3a Aii BHUINE BKAa3aHUX HABAHTAXKCHb
CYTTEBO BIJPI3HAETHCS BiJ H.JA.C. OMHOTUIHUX 0OajoK, IIO MiJNAOThCS Aii OJJHO3HAYHUX CTATHYHUX
HaBaHTa)XECHb OJHAKOBOrO piBHA. YUMHHI )X HOPMAaTHBHI JOKYMEHTH HE BPAaxOBYIOTb PEKHMH
HABaHTAXCHb CKCIUTyaTalifHOTO PIBHS IO OLIHII 3MiH HampyXeHO-Ie()OPMOBAHOTO CTaHy IS
KOHCTPYKIH, 1110 3a3HAIOTH [Iii BUIIE BKa3aHUX HABAHTaXKEHb.

Ilpn npoBeneHHI aBTOpAMU EKCIIEPHMEHTAIBHO-TEOPETUYHUX JOCIIKEHb HEPO3Pi3HHUX
Oajok 3a Jii MaJOLMKIOBHX HOBTOPHHX 1 3HAKO3MIHHMX HaBaHTaxeHb piBHA 1=0,6, Oyio
BCTAHOBJEHO BIJIMIHHICT H.JI.C. OJHOTHITHMX OaJoOK, IO BHUNPOOOBYBAIHCH OJHOZHAYHUM
CTaTMYHMM HAaBAaHTaXXCHHAM. SIK BUSBHIOCH, TPIIIMHOCTIMKICTh, HIMPHHA PO3KPHUTTS TPIIIVH,
MPOTHHU 1 XapaKkTep pyHHYBaHHs HEPO3pi3HUX 0aJoK OyyTh 30BCIM IHIIMMHM, HIX IIi ITApaMETPH B
Oankax IpH MOCTIMHUX CTATHYHUX HABAHTA)XCHHSIX ONHOTO 3HAaKa. BCTaHOBIEHO, IO HpOIECcH
TPIIIMHO YTBOPEHHS, PO3BHTKY TPIIIMH, TAKOX BIAMIHHI BiJ TaKUX K& IPOLECIB IpH
OJIHO3HAYHOMY CTaTHYHOMY HABaHTaXCHHI Oanok. SIKIIO 3a OJHO3HAYHOIO CTaTHYHOIO
HABAaHTAXXCHHSA 1 MOBTOPHOTO HM3BKHX DIBHIB IPOIEC TPINMHOYTBOPEHHS 1 PO3BUTKY TPILIUH
3aJIKUTh TUTBKM BiJ 3MiHH H.JI.C. 31 3MIiHOIO BEJIMYMHH HABAHTAKEHHS, TO 3a il MaJOIMUKIOBHX
3HAKO3MIHHUX HAaBaHTAKEHb 3aJEXKUThb 1 BiJ| 3MIHM >KOPCTKOCTI Mepepi3iB AOCITIIHUX 3pa3KiB 110
JOBXKHHI €JICMCHTA, AKa 3 KOXKHHM LIHKJIOM 3MEHIIY€THCS. 3MEHIICHHS KOPCTKOCTI BiTOyBa€ThCS 3a
PaxyHOK PO3BHUTKY HACKPI3HMUX HOPMAaJbHHUX TPILHH, SKi MepepizalTh 0ajaKy IO BUCOTI B 30HAX
HAWOINBIINX 3THHAIBHUX MOMECHTIB, 4 Ha NPHUONOPHUX NITAHKAX BUHUKAIOTH MEPEXPECHI MOXHUIL
TPIIIMHY, $IKI TAKOXX BIUIMBAIOTH Ha JKOPCTKICTH Iepepi3iB Oanku. BHUHUKHEHHS HOpPMalbHHX
HACKPI3HMX 1 MOXMWIMX MEPEXPECHUX TPILIMH PO3OUBAIOTH OANKy HA OKpeMi OJIOKH, BHACIIIOK YO0
BiZOYBAIOTHCS JNECTPYKTHBHI Ipouecd B OCTOHI, IO OOYMOBIIOE MOPYLICHHS IICIUICHHS MK
OCTOHOM 1 apMaTypoIO i 3HW)KCHHS ONOpY 30BHIIIHIM HABaHTAXKCHHSAM. [IpHYMHAMH 3HWKSHHS
onopy OCTOHy €: 3HIJKCHHS MOy IPY’KHOCTI 332 PaXyHOK NEpPEepo3NOJiTy 3yCUIb B CKIAJOBHX
IIPH TICPBUHHOMY PO3TATY 1 CTHCKY 1 BHHUKHCHHS BJACHUX CTPYKTYPHHX HAIpPYXEHb IPH
HACTYITHOMY pO3BaHTaXeHHI.BnmacHi CTpyKTypHI CHJIOBI HampyKeHHs 1 BHIIE HaBeAeHI
JECTPYKTUBHI 3MiHM B OCTOHI, BUKJIUKAIOTh IIOPYIICHHS HOr0 130TPOITHOI SKOCTI B IOB3IOBKHBOMY
i TIONepeyHOMY HaIpsIMKax, 3HIKYIOTh MOJYJb MPYXKHOCTI OeTOHY, 30LIBLIYIOTBCS TpHU
MiJIBUIICHH]I PIBHIB MaJIOUMKIOBUX 3HAKO3MIHHMX HaBaHTaXeHb. Lle B CBOIO uepry BIUIMBac Ha
LNIMPUHY PO3KPUTTS TPILIMH, NPOTMHM, HECydy 3HATHICTH 1 JOBTOBIYHICTH KOHCTPYKLIH, MIO
MPAIOIOTh B YMOBAaX BHIIE BKa3aHUX HABAHTAXKEHb, HABITH EKCILTyaTalliiHUX PiBHIB.

Hageneni Buiie 1aHi eKCIIEPUMEHTAIBHUX AOCIIHKEHb pOOOTH HEPO3Pi3HUX 3a51i300€TOHHUX
0anok 3a Jiii MaJOIMKIOBUX MOBTOPHUX 1 3HAKO3MIHHMX HaBaHTaKEHb, 1X aHaJi3 1 TEOPETHYHI
nepeayMoBH Ha 0a3i cTpyKTypHOI Teopii O€TOHY, PO3KPHBAIOTh MEXaHIKy PYHHYBaHHA TaKUX
CJIEMEHTIB IIPH BKA3aHUX PE)KUMaX HABAHTaXKCHb.

1. IOmyk O.B. Hecy4a 31aTHICTh, TPIIIMHOCTIHKICTB i 1e(OPMATHBHICTh HEPO3PI3HHUX 3ali300€TOHHMX OaJIOK 3a mii
MaJIOLMKJIOBHX MOBTOPHHX i 3HAKO3MIHHHX HaBaHTaxkeHb: Juc. kanj. Tex. Hayk: 05.23.01. — Pisue 2021, - 160c.
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Continuous reinforced concrete beams are quite widely used in the construction industry in
the construction of buildings and structures subjected to low-cycle repeated and alternating loads.
The stress-strain state of beams under thea bove-mentioned loads differs significantly from the
stress-strainstate of similar beams subjected to one-time static loads of the same level. The current
regulatory documents do not take into account the operational level load modes for assessing
changes in the stress-strain state for structures subjected to the above specified loads. While
conducting experimental and theoretical studies of continuous beams under low-cycle repeated an
dalternating loads of the level n=0.6, the authors found a difference in the stress-strainstate of
similar beams tested by one-times tatic load. A sitturned out, the crack resistance, crack opening
width, deflections and the fracture nature of continuous beams will completely differ from the same
parameters in beams under constant static loads of the same sign. It has been found out that the
processes of crack formation and crack development also differ from the same processes under one-
time static loading of beams.While under one-time static and repeated low level loads, the crack
formation and crack development processes depend only on changes in the stress-strain state with a
change in the load value, then under the low-cycle alternating loads, it also depends on the stiffness
changes in the cross-section of the test samples along the length of the element, which decreases
with each cycle.The reduction in stiffness occurs due to the development of normal through-cracks
that cut the beam along the height in the zones of the maximum bending moments, and cross —
inclined cracks appear in the supporting areas, which also affect the stiffness of the beam cross-
sections.The formation of normal through - cracks and cross-inclined cracks breaks the beam into
separate blocks, resultingin destructive processes in the concrete, which causes a disruption of
adhesion between concrete and reinforcement as well as reduction of resistance to external loads.
The reasons for decrease of concrete resistance are: reduction of the elasticity modulus due to
redistribution of forces in the components during initial tension and compression and the occurrence
of inherent structural tension ingduring subsequentun loading, and partialir reversibility of creep
deformations of cement stone, as well as the development of longitudinal separation microcracks
and cross fracture cracks in cement stone when the compression forces are removed (during
unloading); formation and development of prefracture zones in concrete, during its prestretching
process, near the cross-sections of passive and active fracture cracks with minimum density of the
concrete structure in these zones. Inherent structural force tensioning and the above specified
destructive changes in concrete cause a disruption of its isotropic quality in the long itudinal and
transverse directions, reduce the elasticity modulus of concrete, and increase when the levels of
low-cycle alternating loads are increased. This, in turn, affects the width of crack opening,
deflections, load-bearing capacity and durability of structures subjected to the above - mentioned
loads, even at operational levels.

The above specified data of experimental studies of the performance of continuous reinforced
concrete beams under low-cycle repeated and alternating loads, their analysis and theoretical
prerequisites based on the structural theory of concrete, reveal the mechanics of fracture of such
elements under the specified loading modes.

1. Yushchuk O. V. Load - bearing capacity, crack resistance and deformability of reinforced concrete continuous beams
under the action of low-cycle repeated and alternating loads:Diss.PhD.technical Sciences:05.23.01.-Rivne 2021,-160 p
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JocmimKeHHS Ta OLIHKA TEXHIYHOTO CTaHy Oy[iBenb 1 CIOPYX HPOBOAUTHCA 3 METOO
OTpPUMaHHS OO0 €KTHBHHMX JaHHX INpO (AaKTHYHUH CTaH OyZIiBeNb YM CIOPYJ, YH OKPEMHX
Oy1iBeJIbHUX KOHCTPYKIIH BpaXOBYIOUYH BIUIMB SKCILTyaTallii.

B Vkpaini TexHiuHHI cTaH OymiBIi YW CHOPYAM BH3HAYAE€THCS 3TiMHO 3 HOPMATHBHHMH
JIOKYMEHTaMH, 1110 Nepeadadae Taki TpH CrocoOu:

1. PeanpHa oOIliHKa TEXHIYHOTO CTaHy OyIiBii 3a (i3udHHM 3HOCOM. Lle Kou TeXHIYHHUI cTaH
BU3HAYAIOTH 32 TakuMW ominkamu: no0puit (3Hoc 0...20 %); 3amosineumii (3noc 20...40 %);
HeszanoBineHuit (3H0C 40...60 %); crapwuii (3xH0c 60...80 %); HenpuaatHuii (3aoc 80...100 %).

2. Jlanunit croci® BU3HAYa€ TEXHIYHOTO CTaH KOHCTPYKIIiH Ta Oy IiBII B LIJIOMY 33 HACTYITHOIO
Kyacuikaiier: HOpMaIbHUH, 330BUIBHUI, HENPUIATHAHN JI0 EKCIUTyaTallii, aBapiiHUN.

3. OmiHIOBaHHA TEXHIYHOTO CTaHy OyZiBIiBU3HAYA€THCA 32 pe3yJIbTaTaMH PsIy PO3PaxyHKIB.
Ile KOaM BU3HAYAIOTH HANPYXKCHHA 1 Jedopmanii B Hecydnx eJeMeHTax OymiBi Ta IOPiBHIOIOTH 3
XapaKTEePUCTUKAMU MIIIHOCT] MaTepialliB Ta KOHCTPYKLIiL.

3a TeXHIYHUM OOCTEKECHHsA OyniBeNb 1 CHOPYZ MOXKHA BH3HAUUTH UM IiUIATAIOTh BOHH
MOJIANBIII eKcIuTyaranii TadakTHuHUid cTaH. Taka eKClepTHa OLliHKaBUpaXa€ ICHYHOUl BaJd Ta
MO>KIUBI YIIKOJDKCHHSI KOHCTPYKIH, SIKi B MalOyTHROMY MOXYTh IIPUBECTHU 0 aBAPilfHOTO CTaHY,
a TaKOXX MIOBHOTO 200 YaCTKOBOrO pyHHYyBaHHs 00’ €KTiB. OOCTEKCHHS TEXHIYHOTO CTaHy OyaiBelb
i CrIopy MOXKe MPOBOAUTUCH MApaleNbHO 3 NEPEBIPKOIO 1HKEHEPHUX MEPEXK Ta CIIOPY[, a TaKOXK
CyCiIHIX Oy/IiBeIb.

Meroaun, sKi ICHYIOTH Ui TIPOBEIEHHS TEXHIYHOTO OOCTEKEHHS Ta BH3HAYCHHS
(aKTHYHOTOCTaHY KOHCTPYKIIl un Oy/IiBii HOIUIAIOTHCS HA TaKi CIIOCOOU: pyHHIBHI Ta HepyHHIBHI.
[Ticnist 3aBepLICHHS TOCTIIKEHb BiIOYBa€THCS 3aIOBHEHHS TEXHIYHOTO MAacopTy OyaiBIi.

IIpoBiBuIM psii OOCTEKEHb Ta OTPUMABIIU PE3yJbTAaTU AHANI3YIOTh 3arajlbHUN TEXHIYHUI
cTaH Oy[iBJi Ta CKJIAJalOTh €KCIICPTHHUH 3BIT, KUl Mae 3aTBepyKeHy THIIOBY (opmy.lle 3aranbHi
BIJIOMOCTI TIpO 00’€KT, JaHi Miclis HOro 3HaXOJDKEHHsI, BKa3yEThCS JlaTa MPOBEICHHS OOCTEeIKEHHS
TeXHIYHOTO cTaHy. OCHOBHHMM IIyHKTOM [AaHOTO JOKYMEHTY € EKCIEPTHHH BHCHOBOK, SKHI
(hopMyeThes 3a pe3yIbTaTaMy JaHUX TEXHIYHOTO 00CTEeKEHHsI Oy IiBIIi YU CIOPY/IH.

be3 exkcnepTHOi OLIHKM HE MOMJIMBO BU3HAUUTH Ta HepeN0auuTH MOAAIbUIYy Oe3NeyHy
eKcIUTyaranito Oy/iBimi. 3a pe3yjibTaTaMH TaKOTO OI[HIOBAHHS BHU3HAYAETHCS MOJAJbIIA JIOJIS
00’ €exTy.

Bukonani nmii Ta 3axomd, SKi TPOMNOHYIOTHCSI IICIS TEXHIYHOTO OOCTEKCHHS IalyTh
MOXIUBICTh BITHOBUTH KOHCTPYKTHBHI XapakKTEPHCTHKH MII[HOCTI Ta CTIMKOCTi, a TaKoX
MPOJIOBXKUTH TEPMIH ekcrutyaTanii Oyniii B mitomy. Ilin yac mopanbinoi excrutyaranii OymiBii
0a)XKaHO BECTU IEPIOJUYHE CIIOCTEPSKCHHS 38 TEXHIYHUM CTAHOM HECYHYHX i OrOpOKYyBaJIbHHX
KOHCTPYKIIIH OyJIiBII JIIsl BUSBJIICHHS MOYIJIMBUX TPIIIMH B KOHCTPYKIIISIX, IPOCIJaHHS OCHOBH, YH
psny iHIMX gedopMaiil.

1. ICTY-H b B.1.2-18:2016 HacraHoBa 111010 00CTeXCHHS OyAiBeb i CIIOPY /T Ul BU3HAUCHHS Ta OLHKH 1X
TexHiyHoro crany Kwuis, IIT YkpH/IHLI, 2017.
2.Crartst 392 «Oruisin, 06CTeKEHHs Ta MacnopTH3aiis 06'ekTiB» 3akony Yipainu «IIpo peryoBaHHs MicToOyaiBHOT
nismeHOCTI» Ne549 VI Bin 20.11.2012p.
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Evgenia Novak, candidate of technical sciences, assistant of the Department of Construction,
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Chernivtsi National University named after Yury Fedkovich (Chernivtsi)

Research and assessment of the technical condition of buildings and structures is carried out
with the aim of obtaining objective data about the actual condition of buildings or structures, or
individual building structures, taking into account the impact of operation.

In Ukraine, the technical condition of a building or structure is determined in accordance with
regulatory documents, which provides for the following three methods:

1. Real assessment of the technical condition of the building based on physical wear and tear.
This is when the technical condition is determined by the following assessments: good (wear
0...20%); satisfactory (wear 20...40%); unsatisfactory (wear 40...60%); old (60...80% wear);
unusable (wear 80...100 %).

2. This method determines the technical condition of structures and the building as a whole
according to the following classification: normal, satisfactory, unusable, emergency.

3. Assessment of the technical condition of the building is determined based on the results of
a number of calculations. This is when stresses and deformations in the load-bearing elements of the
building are determined and compared with the strength characteristics of materials and structures.

According to the technical inspection of buildings and structures, it is possible to determine
whether they are subject to further operation and the actual condition. Such an expert assessment
expresses existing defects and possible damage to structures, which in the future may lead to an
emergency state, as well as complete or partial destruction of objects. Inspection of the technical
condition of buildings and structures can be carried out in parallel with the inspection of
engineering networks and structures, as well as neighboring buildings.

The methods that exist for carrying out a technical survey and determining the actual
condition of a structure or building are divided into the following methods: destructive and non-
destructive. After the studies are completed, the technical passport of the building is filled out.

After conducting a number of surveys and receiving the results, they analyze the general
technical condition of the building and draw up an expert report, which has an approved standard
form. This is general information about the facility, data on its location, and the date of the
inspection of the technical condition. The main point of this document is an expert opinion, which is
formed based on the results of the technical inspection of the building or structure.

Without an expert assessment, it is not possible to determine and predict the future safe
operation of the building. Based on the results of such evaluation, the future fate of the object is
determined.

The performed actions and measures that are proposed after the technical survey will provide
an opportunity to restore the structural characteristics of strength and stability, as well as to extend
the life of the building as a whole. During the further operation of the building, it is desirable to
periodically monitor the technical condition of the supporting and enclosing structures of the
building to detect possible cracks in the structures, subsidence of the base, or a number of other
deformations.

1. DSTU-N B V.1.2-18:2016 «Nastanova shchodo obstezhennia budivel i sporud dlia vyznachennia ta otsinky yikh
tekhnichnoho stanu». Kyiv, DP UKrNDNTSs, 2017.

2. Article 392 "Inspection, inspection and passporting of objects” of the Law of Ukraine "On Regulation of Urban
Planning Activities" No. 549 VI dated November 20, 2012.
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IIpodaemaTnka po3paxyHKy Ha BTOMY GalITOBHX KOHCTPYKIii

Banepin Hyycnuit, cmapuiuii 6ukiaday kageopu memanesux ma 0epes’ siHux KOHCmpyKyitl,
http://orcid.org/0000-0002-0400-3204

Kuiscokuil Hayionansnutl ynisepcumem 6yoienuymea i apximexmypu (m. Kuig)

B OyniBHHLTBI IIMPOKO 3aCTOCOBYIOTHCS OAIITOBI KOHCTPYKUIi Y BHIVISII BEPTUKAILHHX
3aleMIIeHuX KoHconeil. Jlo Takux KOHCTPYKLIH BiJHOCATbCS JAMMOBI TpyOuW, pekiIaMHi
KOHCTPYKII, Beki MOOLIBHOrO 3B’A3Ky Tomio. CKIamHICTh PO3paxyHKy IOJNATAa€ B TOMY, IO B
cydacHMX HopMax [4] MeToiuKa JMHAMIYHOTO pO3paxyHKy BHKJIIOYEHA 1 3MiHeHa Ha
KBa3ICTATUYHUI PO3PAaXyHOK, TPH SIKOMY KOHCTPYKIIi pO3JUIEHI Ha JBI OCHOBHUX TIpyNnu —
KOHCTPYKIII IS SKUX IepioJ BIACHUX KOJNUBaHb SKHUX HepeBuilye 0.25cex 1 SKUM BIACTUBHI
BIUIMB JMHAMIYHOT CKJIAJOBOI BITPY, Ta BCiX iHIMX. PO3paxyHOK PO3IJIANA€TBCS 3@ CTATHYHOIO
CXEMOI0 Ha 30iIblIICHE YMOBHO CTaTUYHE BITPOBE HABAHTAXKCHHSA, IIPU SKOMY IOBHICTIO
BUKJIFOYCHUH JMHAMIYHUN pO3paxyHOK. UMcesbHI po3paxyHKH pealbHUX KOHCTPYKIIH, BUKOHAaHI
aBTOPOM JIaHOi POOOTH 13 3aCTOCYBaHHSM METOAMK 3TifHO [2], MOKa3yrTh, IO PO3PaxXyHKU 3a
Cy4aCHIMH HOPMaMH MOXKYThb IaBaTH Pe3yNbTaT B 1,5 pasu HIDKYUH, HIK TUHAMIYHHH PO3paxXyHOK,
0COONMBO JUIsl CHCTEM 3 HAsSBHUMH Ha KIiHIAX KOHCOJIEH 30cepekeHHMMHM Macamu. Haibinmbin
HABAHTAKCHUMH €JIEMCHTAMH TaKMX KOHCTPYKI[H € JeTani 3alleM/ICHHsS B OHOpi — OCHOBHHUM
repepi3 eJIeMeHTa, 3BapHi IIBH, TPABEPCH, aHKEPHI OOJITH, SIKi 3a3HAIOTH LUKIIYHUX HAaBaHTAXKEHb
Ta HOTpeOyIOTh pO3paxyHKiB Ha BToMy 3rigHo BuUMOT [1]. Tak Bianmosiguo . 15.3[1] amst o6uncieHs
HEOOXITHO BHM3HAYMTH KUIBKICTh IUKIIB HABAHTAXKEHb IO TUIOBHX pPEXKHMMaxX eKCIUTyaTaril
KOHCTpYKLii. B cyyacHiii HOpMaTHBHO-METOAMWYHIN JIiTepaTypi BiICYTHE SK Take BHU3HAYCHHS HE
TUIBKM KUIBKOCTI IIMKIIIB, a4 TaKOX HE HaBENEHWH aHaji3 BCIX BUIIB HaBaHTAKEHHS Ha
KOHCTpPYKIifo. | TyT ciijJ 3a3HAYUTH, IO CIIOYATKy TpeOa BU3HAYNTH KPUTHUYHY IIBHIKICTH 3TiIHO
[2] & 29, mpm sikiit B KOHCTPYKLIT PO3MOYNHAETHCS If;TpOBI/Iﬁ pe3oHaHc:

T TS,
ne d — miamerp koHCTpyKIil, T — Mepiox BIACHUX KOJMBAHb IO PE30HAHCHIN 4acTOTi, Sh— 4MCIIO
Crpyxanst ansi naHoi ¢opmu mepepidy. Iliciast BU3HAYeHHs KPUTHYHOI IIBHJKOCTI BITPY OYyB
3ailicHeHnit anami3 3 caiity [3] me 3ammcani apxiBHi AaHi Mo moromi i mBHaKocTi BiTpy 3 2010 Mo
2022p . ByB mpoBejeHMii aHali3 apXiBy MMOTOJM JUIS AT, IMiJ 4ac SIKMX CIIOCTEpiraBcs BiTep i3
LIBUAKICTIO PiBHOIO, a00 OifbLIOI0 32 KPUTUYHY a TAaKOXX 4YacoBl Miama3oHH, B SIKHX JyB
BifnoBinHuit Bitep. Tak cymapHa KiTBKICTh I-THX LHUKIIB IO KOXHIM 3 MIBHAKOCTEH BITpY,
posainenux i3 kpokom 1 m/c (4, 5, 7, 8...12) BusHayaeThes AK:

T AT,
n=—

ne T — nepioJ pe3OHAHCHMX BIACHMX KonuBaHb, X AT, — cymapuuil wac aii Bitpy 3 i-ToKO
IIBUIKICTIO.

3acTocyBaHHS JaHOI METOIHKHU i3 KPOITKUM aHANi30M apxiBy moroxu mpotsroM 10 pokis
JI03BOJISIE  YMOBHO EKCTpAIOJIOBaTH JaHi 3HAYeHHS Ha OUIbII IMPIIMHA Tepiof. 3a yMOBH
BincyTHOCTI hakTuuHOI 3ahikcoBaHOI MaKCHMaNbHOI IBUAKOCTI BiTpy 3a 50 pokiB, 3a sKow0 Oynu
CTBOpPEHi HOPMATHBHI JJOKyMEHTH Ta KiIiMaTH4Hi KapTu [4], MOXKHa YMOBHO NPHIHSTH B 3a11ac, o
TaKui BiTep OyB OJMH pa3 MPOTAroM JI00H 3a BECh TEPMiH eKCIUTyaTallil CopyIu.

1. IBH B.2.6-198:2014 «Cranesi koncTpykuii. HopmMu npoexTyBaHHs»

2. Casuukuii I A. BerpoBasinarpyska Ha coopyskenust / I'. A. Casuir- kuit, Mocksa, 1972r.

3. Apxis moroau 3 2010 1o 2022 p [Enexrponnnii pecypc]. — Peskum pocrymna: http://meteopost.com

4.JIBH B.1.2-2:2006 «Cucrema 3abe3medeHHs HagiiHOCTI Ta Gesneku OymaiBenbHuHX 00’ekTiB. HaBaHTaxkeHHs i
BIUIHBH. HOPMH [IPOEKTYBaHHS».
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Tower structures in the form of vertical clamped cantilevers are widely used in construction.
Such structures include chimneys, advertising structures, cell towers, etc. The complexity of the
calculation lies in the fact that in modern standards [4] the dynamic calculation method is excluded
and changed to a quasi-static calculation, in which structures are divided into two main groups -
structures for which the period of natural oscillations exceeds 0.25 seconds and which are
characterized by the influence of the dynamic component of the wind, and all others. The
calculation is considered according to the static scheme for the increased conditionally static wind
load, in which the dynamic calculation is completely excluded. Numerical calculations of real
structures, performed by the author of this work using methods according to [2], show that
calculations according to modern standards can give a result 1.5 times lower than a dynamic
calculation, especially for systems with concentrated masses present at the ends of the cantilevers .
The most loaded elements of such structures are the details of pinching in the support - the main
section of the element, welds, traverses, anchor bolts, which are subjected to cyclic loads and
require fatigue calculations according to the requirements [1]. Thus, in accordance with clause 15.3
[1], for calculations, it is necessary to determine the number of load cycles according to the typical
operating modes of the structure. In modern regulatory and methodological literature, there is no
definition of not only the number of cycles, but also no analysis of all types of load on the structure.
And here it should be noted that first of all it is necessary to determine the critical speed according
to [2] f 29, at which wind resonance begins in the structure

d
V==
TS,

where d is the diameter of the structure, T is the period of natural oscillations at the resonance
frequency, Show is the Strouhal number for the given cross-sectional shape. After determining the
critical wind speed, an analysis was carried out from the website [4], where archival data on
weather and wind speed from 2010 to 2022 are recorded. An analysis of the weather archive was
carried out for the dates during which the wind was observed with a speed equal to or greater than
the critical one, as well as the time ranges in which the corresponding wind blew. Thus, the total
number of i-th cycles for each of the wind speeds, separated with a step of 1 m/s (4, 5, 7, 8...12), is
determined as:
AT

1

n, =

where T is the period of resonant natural oscillations, Z AT.is the total time of the wind with the ith
speed.

The application of this technique with painstaking analysis of the weather archive for 10 years
allows conditionally extrapolating these values to a wider period. In the absence of the actual
recorded maximum wind speed for 50 years, according to which regulatory documents and climate
maps [5] were created, it can be tentatively assumed that such a wind occurred once during the day
during the entire life of the structure.

1. DBN V.2.6-198:2014 «Stalevikonstruktsii. Normyproektuvannia»

2. Savytskyi H.A. Vetrovaianahruzkanasooruzhenyia / H. A. Savyts- kyi, Moskva, 1972h.

3. Arkhivpohody z 2010 do 2022 r [Elektronnyiresurs]. — Rezhymdostupa: http://meteopost.com

4. DBN V.1.2-2:2006 «Systemazabezpechennianadiinostitabezpekybudivelnykhobiektiv. Navantazhennia i vplyvy.
Normyproektuvannia».
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0aJKOBHUX eJIeMeHTiB NMePEeKPHUTTIB AJs 3aXUCHHUX CIOPYA YKPHUTTS

Temana I@aninceka, rano.mexw.Hayk, ooyenm Kageopu byodisnuymea ma yusineHol
inoicenepit, http://orcid.org/0000-0002-6138-2757
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Hayionanvnuii ynisepcumem «llonmascoka nonimexnixa imeni FOpia Konopamioxa», (m. [Tonmasa)

Ha cporoani B VYkpaiHi B Jil04MX HOpPMAax MPOEKTYBaHHS 3aXUCHI CIIOPYAM YKPHUTTS
KIacH(IKyIOTh 3aJIeXKHO BiJl 3HAUCHHS HOPMATHBHOI BEIMYMHY HAJUIMIIKOBOTO THCKY Ha (POHTI
HOBITPSIHOT y/apHOi XBWIi Ha woTmpn Kiach: I-it — p=500 kITa (50 Tc/m?); 1I-i — p=300 xIla
(30 tc/m?); TI-it — p=200 xITa (20 Tc/m?); TV-it — p=100 ITa (10 tc/m?).

Cranesanizoberonni (C3B) 0GankoBi i IUIMTHI €IEMEHTH € HAWOLIBII pamioHATEHUMA
KOHCTPYKLISIMM  JU1st  3a0e3redeHHss HeoOXiJHOI MpOeKTHOI MiuHOCTI 1 JedopmaTHBHOCTI
MOHOJIITHHX 41 301pHO-MOHOJITHUX NEPEKPUTTIB 3aXUCHHUX CIIOPYJ YKPHUTTS NpPHU Iii AMHAMIYHUX
HaBaHTAKCHb (PANTOBO-KOPOTKOYACHOI'O YH YIApHOr0), sIKi MOXKYTh BHHHKHYTH B Pe3yJbTarti
Ha/I3BUYAIHUX cUTyaliil, 00HOBUX Aill UM TEPOPUCTUYHHX AKTIB.

Hecy4a 3maTHICTH €NEMEHTIB TEPEKPUTTIB 3aXMCHUX CIOPYH MNpH Jil JMHAMIYHHX
HABaHTAXEHb 3a rpaHMYHUMHU cTanamu I-i i 1I-1 rpyn 3a0e3neuyeTbest IX CTaTHYHOIO 1 TUHAMIYHOIO
MIIHICTIO Ta KOpPCTKicTIO. Ilpn BH3HAUCHHI PO3PAaXyHKOBOTO 3HAYEHHS CTATHYHOI JKOPCTKOCTI
BHUXOJSITh 13 TPAHUYHOTO CTaHY 3a MILHICTIO a0 JedopMallisiMy, sIKi BIANOBIIAIOTh BEPXHIN Mexi
CTaTUYHHX HaIpy>XeHb a00 aedopmariil. B Toli xe yac Ha BU3HAYEHHS PEaTIbHOTO PO3PAXYHKOBOTO
3HAYCHHS JMHAMIYHOI YKOPCTKOCTI, sika OlIbIIa BiJl CTATHYHOI, BIUIMBAIOTH 0araTo YMHHHUKIB, sIKi
CKJIAZHO (paKTUYHO BPaXOBYBATH y KOXKHOMY BUIMAJKy. TOMy B iCHyIO4y METOJHMKY HPOCKTYBaHHS
NIEPEKPUTTIB CIIOPY YKPUTTA Ha JMHAMIUHI HABAaHTA)KCHH: OyJia IOKJIa[eHa CIIPOIICHA aHATITHIHA
MOJIeTb PO3paxyHKy, sika 0a3yeTbCs Ha PO3PAaXyHKYy KOHCTPYKIIH mnpu Jii eKBiBaJCHTHHX
CTaTUYHHX HABAHTAKCHb 3 KOPETYBAaHHAM IX 1 XapaKTepHCTUK MINHOCTI 1 AedopMaTHBHOCTL
MarepiaiiB 3a IOMOMOTIOI0 BH3HAYCHHUX KOCDIIIi€HTIB, SIKi TOCEPETHBO BPAXOBYIOTh Pi3HI (haKTOPH.

ABTOpamMH Te3 pO3po0JCHA METOAMKA ONTUMAIBHOTO (PAaIliOHATBHOr0) MPOCKTYBAHHS
CTaNe3a1i300€ TOHHUX IUINTHUX 1 OaJKOBHX €JIEMEHTIB IIEPeKPHUTTIB 3 MiHIMAJIbHUMH BUTPATaMH,
110 TIPALIOIOTH HA 3THH 1 3pi3, OCHOBHUM 3aBJAHHSM SIKOI € BU3HAYCHHSI MiHIMaJIbHOI (I0CTATHBOT)
KINBKOCTI apMyBaHHs (IUIOLII NEPETUHY apMaTypHHX CTEPXKHIB Ta KOHCTPYKTHBHHX CTaJbHHX
eNIeMEHTIB, iX BarM) B iX pO3paxyHKOBHX Mepepi3ax NpH BH3HAYCHHX (3aJaHUX) po3Mipax ix
HepeTHHY, THIIB Matepiani (1X XapaKTepUCTHK) 3 ypaXyBaHHSAM IPOCKTHUX 0OMEKEHb, TAKUX SIK:
IIPOEKTYBAHHS KOHCTPYKILIi 3 ypaxyBaHHSAM BUIy HaBaHTaXKeHb, IO JIIOTH Ha HEl, Ta ()opMyBaHHSI
(tumizauis) BUMaAKy i TPAaHHYHOTO HAIMPYKEHO-1(pOPMOBAHOIO CTaHy 3aJEKHO BiJ BH3HAYCHHUX
IpaHUYHUX KPHUTEPiiB pyiHyBaHHs ii KommoHeHTiB. B poGorax [1,2] BukmameHi OCHOBHI
MOJIOKEHHSI METOIMKH ONTUMAIbHOTO (pamioHAJbHOTO) IPOEKTYBAHHS —CTAle3ai300eTOHHUX
IUTUTHUX 1 OAJIKOBUX €JIEMEHTIB TIEPEKPUTTIB.

3aeKHO BiJ MPOEKTHOI BEIMYMHM HAUIMIIKOBOrO THCKY ONTHMajibHE (pariioHaibHE)
apMyBaHHs epepisiB eneMeHTiB C3b mepekpuTTiB CHOPYA YKPUTTS BU3HAYAETHCS LULIXOM 3MiHH
Bapialliil XapaKTepUCTHK MIIHOCTI MaTepialiiB, JOBKUHM X NPOTOHIB, BUCOTH IX Mepepizy Ta KPOKy
X apMyBaHHS KOHCTPYKTHBHHMH CTaJbHUMH €JIEMECHTAMU 1 apMaTyPHIMH CTCPKHSIMH.

1. Galinska T., Ovsii D., Ovsii O., Ovsii M. (2022) Fundamentals of designing rational (optimal) slab steel-
reinforced concrete structures and elements of floors. Academic journal. Industrial Machine Building, Civil
Engineering.— 1(58). — pp. 55-65.

2. Galinska, T., Ovsii, D., Hajiyev, M., Ovsii, O. (2023) An Analytical Model of Calculating the Flexural Strength
of Encased SRC Composite T-beams with Full Interaction of Components. In: Onyshchenko, V., Mammadova,
G., Sivitska, S., Gasimov, A. (eds) Proceedings of the 4th International Conference on Building Innovations. ICBI
2022. Lecture Notes in Civil Engineering, vol 299. — pp. 117-134. Springer, Cham. https://doi.org/10.1007/978-3-
031-17385-1_10.
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Today, in the current Ukrainian design standards, shelter protective structures are classified
depending on the value of the normative value of excess pressure at the front of the air shock wave
into four classes: I-st - p=500 kPa (50 tf/m?); 1l-nd - p=300 kPa (30 tf/m?); Ill-rd - p=200 kPa
(20 tf/m?); IV-th - p=100 kPa (10 tf/m?).

Composite steel-reinforced concrete (SRC) beam and plate elements are the most rational
structures to ensure the necessary design strength and deformability of monolithic or prefabricated
monolithic overlapping of protective shelter structures under the action of dynamic loads (sudden,
short-term or shock), which may arise as a result of emergency situations, combat operations or
terrorist acts.

The load-bearing capacity of the elements of the overlappings of protective structures under
the action of dynamic loads according to the limit states of the 1st and 2nd groups is ensured by
their static and dynamic strength and stiffness. When determining the calculated value of static
stiffness, the limit state in terms of strength or deformations, which correspond to the upper limit of
static stresses or deformations, is assumed. At the same time, the determination of the real
calculated value of dynamic stiffness, which is greater than static stiffness, is influenced by many
factors that are difficult to actually take into account in each case. Therefore, a simplified analytical
calculation model was applied to the existing methodology for designing the overlappings of shelter
structures for dynamic loads. It (simplified model) is based on the calculation of structures under
the action of equivalent static loads with correction of them and the strength and deformability
characteristics of materials with the help of determined coefficients, which are averaged various
factors are taken into account.

The authors have developed a method of optimal (rational) design of steel-reinforced concrete
slab and beam elements of overlapping with minimal costs, working for bending and shear. The
main task of the proposed method is to determine the minimum (sufficient) amount of
reinforcement (cross-sectional area of reinforcing bars, structural steel elements and its weight) in
the calculated cross-sections with the following defined (given) parameters: cross-sectional
dimensions, types of materials (its certain characteristics) and taking into account design
limitations. The design limitations includes: design of the structure taking into account the types of
loads acting on it and the formation (typing) of the case of its ultimate stress-strain state depending
on the determined limit criteria for the destruction of its components. The main provisions of the
methodology of optimal (rational) design of steel-reinforced concrete slab and beam elements of
floors are outlined in works [1, 2].

Depending on the design value of the excess pressure, the optimal (rational) reinforcement of
the cross-sections of the composite SRC elements of the overlappings of shelter is determined by
changing the following parameters: characteristics of materials strength, span length, height of their
cross-section and the step of their reinforcement with structural steel elements and reinforcing bars.

1. Galinska T., Ovsii D., Ovsii O., Ovsii M. (2022) Fundamentals of designing rational (optimal) slab steel-
reinforced concrete structures and elements of floors. Academic journal. Industrial Machine Building, Civil
Engineering.— 1(58). — pp. 55-65.

2. Galinska, T., Ovsii, D., Hajiyev, M., Ovsii, O. (2023) An Analytical Model of Calculating the Flexural Strength of Encased
SRC Composite T-beams with Full Interaction of Components. In: Onyshchenko, V., Mammadova, G., Sivitska, S., Gasimov,
A. (eds) Proceedings of the 4th International Conference on Building Innovations. ICBI 2022. Lecture Notes in Civil
Engineering, vol 299. — pp. 117-134. Springer, Cham. https://doi.org/10.1007/978-3-031-17385-1_10.
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2Hayionanvnuii asiayiiinuii ynisepcumem (m.Kuie)

Metoro pobOTH SABISETHCS PO3pOoOKa PeKOMEHAAMIl 100 MiABUIICHHS 3aXHCTy 0COOOBOrO
cKiamy, O30pO€HHS Ta BIMCHKOBOI TEXHIKM Ha OCHOBI MOJeNl 3MIHM KOHLEHTpauil
BHOYXOHEOE3[EUHNX BYIJICBOJAHEBHX TOpPIOYMX 1 TOKcHYHHX pedoBuH(BP-TP) y chemiambHuX
00’exTax Ta popTudiKaiitHUX COpyAax.

Jtst ofieprKaHHs MAaTeMaTHYHOTO OMKCY YSIBUMO co0i crerianbuuil 06’ ext/poprudikariiiny
CrIopyAy 4M 1l OKpeMy YacTHHY: IIOTepHA, TCXHIYHA 30Ha, TOCIoJapya-Ka3apMeHa 30Ha, AUISTHKA y
BUIIIAI CKUTBKOX B3a€MO3aleKHHX AUIAHOK (puc. 1). Crpimkamu mokasaHi HampsIMKH PyXY,
HANpHKIaJ, PIAKUX PEYOBMH MK JiisHkamMu. KoxkHa JiISHKA MICTHTh JeSKy KUIbKiCTh
BHOYXOHeOe3meyHnX (41 TOKCHYHMX) PEYOBHH, IO 3aBISKH BH3HAYCHHM MEXaHi3MaM MOCTiiHO
MePEeXOJUTb 3 OHI€T TIIAHKY HA IHITY.

Puc. 1. Tonosnorist
B3aEMOITOB’ I3aHUX TUTTHOK

JinsgHkn 1oOyZ0oBaHOT CXeMH MOXYTh BIANMOBIIATH MIMCHUM 00’€KTaM, TakWM, K LEXH,
MiJBaNM, CKJIAAU 1 T.J. Y4 MOXYTh SIBISTH COOOIO JIMIIE 3pyYyHYy MaTeMaTHYHy aOCTpaKiiio, II0
BUHUKAE, MOKIIMBO, YHACITIZIOK 3aCTOCYBAaHHS SKOi-HEOYIb CTaHIaPTHOI aHAIITHYHOT IPOLIETY PH.

V takuii crocid oTpuMaHe J103BOJISIE OJIEPIKATH PsiJl BAXIIMBUX SIKICHUX pe3yJIbTaTIB!

1. ®yuxmii Xu(t) i Xo(t) mosmtmBHi mis t>0 y obmacti mapamerpis. Ile mpusBoauTs 10
MOJKJIMBOCTI MTOSIBH TaKUX PEXKHMIB, 5IKi SIKICHO BiJJPi3HSAIOTHCS BIJl JICTOHAIIT CHEPTOBUIIICHHS TTPH
BUOYXY, SIK 3TOPSIHHSI CyMilli 32 (POHTOM HECTalIOHAPHOI 1HILIIOE XBUIII 1 OJJHOYACHE BUTOPSIHHS
CyMilIi 10 BCOMY 00CATY 32 KiHIIEBHIT IPOMIXKOK Yacy.

2. Tlpu 30inbiuenHi yacy t konuenrpauii BP-TP Xa(t) i x2(t) nparayTh 10 CBOIX cTarioHapHUX
3Ha4YeHb — (JOPMYBAHHS Ia30BUX 3apsiB 0e3 TOJATKOBHX 3aXO[IB i 9acy, sSIK IPABHUIO, IPU3BOJUTH
JI0 HepiBHOMIpHOTO po3noxainy KoHueHtpamii BP-TP 3a oOcsirom, mo Takox MoOXe BIUIMBaTH Ha
rapameTpH, SIKi yTBOPIOIOTHCS PH BUOYXY XBUJIL.

3. i cramioHapHi 3Ha4YeHHs, TIPUPOJIHO, 3aJEKATh BiJl 3arajbHOI MOYATKOBOI KilbKOCTI BP-
TP, a He BiJ CHIBBIHOIIEHHS MMOYaTKOBUX KoHUeHTpauiii BP-TP y pizuux “kamepax”, To06TO0 Mae
MicIe nepeMillyBaHHs.

OTtpumaHi pe3ysbTaTH Jajld MOKJIMBICTH PO3POOMTH PEKOMEHIAIl MI0A0 3a0e3NeUcHHS
3aXMCTy 0COOOBOTO CKJIAAy Ta BIMCHKOBOI TEXHIKH, YJOCKOHAJIECHHSI KOHCTPYKTUBHUX pILLICHb Ta
3aCTOCYBaHHS HOBHX TPIIIMHOCTIMKMX MarepianiB y doprudikamiifHuX cropynax cremiaJbHUX
00’ €eKTIB BiJl BIUIUBY OO€NpHIIAciB, AKi MalOTh BJIACTUBOCTI 00’ €MHOI0 BUOYXY.

1. V6aiinymnaes F0.H., Onbuiescokuii 10.B. JocmifkeHHs: 3MiHH KOHIIEHTpallii BUOYXOHEOE3MEYHUX TOPIOYUX i
TOKCHYHHX PEYOBHH y crienianbHux 06’ekrax Ta Goprudikamiitnnx cropymax/Marepianu Beeykpaincbkoi Hayk.-
TexH. KOH(}. [“AkTyanbHi mpoOieMH MPOCKTYBAaHHsS BHIOTOBIEHHS 1 €KCIUTyaTallii 030pO€HHS Ta BiHCHKOBOT
texuikn”], (Binuuus, 17-19 tpasus 2017 p.)/ MO Vkpainu, BHTY. — B.: BHTY, 2017. — C. 367-370.
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The aim of the work is to develop recommendations for improving the protection of
personnel, weapons and military equipment based on a model of changes in the concentration of
explosive hydrocarbon combustibles and toxic substances(ETS) in special facilities and
fortifications.

To obtain a mathematical description, let's imagine a special facility/fortification or its
separate part: a minefield, a technical zone, an economic and canteen zone, a site in the form of
several interdependent areas (Fig. 1). The arrows show the directions of movement, for example, of
liquid substances between the sections. Each area contains a certain amount of explosive (or toxic)
substances, which, due to certain mechanisms, constantly moves from one area to another.

Fig. 1. Topology of
interconnected areas

The areas of the diagram may correspond to actual objects, such as workshops, basements,
warehouses, etc., or may be just a convenient mathematical abstraction that arises, perhaps, as a
result of the application of some standard analytical procedure.

In this way, the obtained equation allows us to obtain a number of important qualitative
results:

1. The functions xa(t) and xz(t) are positive for t>0 in the parameter domain. This leads to the
possibility of the emergence of such modes that are qualitatively different from the detonation of
energy release in an explosion, such as the combustion of the mixture behind the front of an
unsteady initiating wave and the simultaneous burning of the mixture throughout the entire volume
for a finite period of time.

2. With an increase in time t, the concentrations of HP-TR xu(t) and x2(t) tend to their
stationary values - the formation of gas charges without additional measures and time, as a rule,
leads to an uneven distribution of HP-TR concentration over the volume, which can also affect the
parameters formed during the wave explosion.

3. These steady-state values naturally depend on the total initial amount of HF-TR, and not on
the ratio of initial HF-TR concentrations in different "chambers", i.e., mixing occurs. In gas
explosions, the parameters of airborne shock waves practically do not depend on the distribution of
fuel concentration in the volume of the mixture.

Thus, the results obtained made it possible to develop recommendations for improving the
protection of personnel, weapons and military equipment, improving design solutions and the use of
new crack-resistant materials in special facilities and fortifications that provide protection against
the effects of special high-precision concrete-piercing munitions with bulk explosion properties.

1. Ubaidullaiev Y.N., Olshevskyi Y.V. Doslidzhennia zminy kontsentratsii v ybukho nebezpechnykh horiuchykh
i toksychnyk hrechovyn u spetsialnykh obiektakh taforty fikatsiinykh sporudakh/ MaterialyVseukrainskoi
nauk.-tekhn. konf. [“Aktualni problemy proektuvannia vyhotovlennia i ekspluatatsii ozbroienniata viiskovoi
tekhniky”], (Vinnytsia, 17-19 travnia 2017 r.)/ MO Ukrainy, VNTU. V.: VNTU,2017. S. 367-370.
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Po3paxyHok Hecy4oi 31aTHOCTI NJIUT 30ipHOro 0€30aJ1K0BOI0 NEePeKPUTTS
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Anodpii  Ilasnikos, Ookm.mexu.nayk, 3agioyeau ragpedpu 6y0igelbHUX KOHCMPYKYIl,
http://orcid.org/0000-0002-5654-5849
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HY «ITonmascera nonimexnixa imeni FOpis Konopamioxa» (m. [lonmasa)

BignoBnennst xutioBoro (GoHmay VYKpalHM € Ha CHOTOJHI OJHICI0 3 aKTyaJbHUX 3a1ad
OyniBenpHOl ramy3i. Po3p’s3aHHsA 1€l 3amaul IIJIKOM peaibHO 3IIMCHIOBATH 3a PaxyHOK
YIPOBA/DKEHHS B TEXHOJIOTIO 31 3BeJIeHHs OyIiBeJIb Ta CIOPYA CyYaCHUX KOHCTPYKTUBHHUX CUCTEM
— 30KpeMma, BOCKOHaneHOT y «[lonTaBChKiii MONITEXHII» CHCTEMH Ha OCHOBI 30ipHOTrO
6e36ankoBoro kapkacy[l — 2]. IlepeBaru 3acToCyBaHHS M€l CHCTEMH OYEBHM/HI: IIBHIKICTH
3BeflcHHS OyIiBenb 3a paxyHOK 3acTOCYBAaHHS 1HAYCTpialbHUX 30ipHHX 3aTi300€TOHHUX
KOHCTPYKIi#i 3poctae Ha 50%); MOHTaX 3a/1i300€TOHHUX KOHCTPYKILiH HE 3aJ€KUTh BiJl MOPH POKY
Ta MOTOJHUX YMOB; 3aIlyCK BHPOOHHUYOI JIiHIT 3 BUTOTOBJECHHS 30IpHHX €JIEMEHTIB € IOCTATHBO
NPOCTUM 1 3MIfCHIOETBCS B MiHIMAJIbHI CTPOKH; OCOOJMBOCTI KapKacy Y3IOBXK IEpPUMETPY
JIO3BOJISIFOTh HAJIaBaTH KOXHIM OyJiBII 1HIAMBIIyaJdbHUX HEMOBTOPHHUX apXITEKTYpHHUX (OPM,
pUBa0IMBO YPI3HOMAHITHIOIOUM MIChKHH JTaHAmA(T, apXiTeKTypHO-IUIAaHYBaIbHI pPIIICHHS
BIZINIOBIIAOTh BUCOKUM €CTETUYHHM BHMOTaM IPOKHBAHHS, 3a0€3MeUyIOTh HOro KoM(OopTHICTE Ta
BHCOKHil CIIPHATIMBUI MiKpOKTIMATHYHMI PiBeHb; BapTicTh 1M? JKUTIA 3MEHIIYEThCA Maiike Ha
40% mopiBHSAHO 3 OYyAIBISAMU 3 TPAAULIHHUMU KOHCTPYKTHBHUMH CHCTEMaMH.

3anporoHoBaHa KOHCTPYKTHBHA CHCTEMa MAa€ XapaKTepHY OCOOJIMBICTh — MEPEKPUTTS B Hiit
BIIAINTOBYETHCS 31 30IpHUX IUIMT. HAAKOJNOHHMX, MDKKOJIOHHHX Ta CEPeIHIX, IPH IBOMY
HaJIKOJIOHHI IUTUTH MOHTYIOTBCS IIISIXOM iX HaHW3YBaHHs Ha KOJNOHH. Lli minTH 3’€aHYIOTBCS 3
KOJIOHAMHU Oe3nocepeiHb0, TOOTO 0e3 3aCTOCYBaHHS TAKUX JA0JATKOBHX TPAAUIIHHUX €JIEMEHTIB SIK
Oayky, KOHCONm 4YM Karmireni. Po3paxyHOK IHMX NEPEKPUTTIB IO LBOTO 4acy IPYHTYETbCS Ha
3BUYAMHUX MiJIX0/aX, SKUMHU NPAKTHYHO HE BPAXOBYHOTHCS KOHCTPYKTHBHI OCOOJIMBOCTI BY3IIiB
3’€[JHAHHS €JIEMEHTIB Ta [iMCHUI Mepepo3NOoil HaBaHTaXKCHHA MIX HUMH. TOMy Ha OCHOBI
ICHYIOUHX TIXO/IiB OyJIO CHHTE30BaHO METOJ PO3PaXyHKY, SKHH YPaxoBye BiMiueHi 0COOIMBOCTI
Ta MICTUTb BJIOCKOHAJICHI CIIOCOOM MPOSKTYBAHHS €JIEMEHTIB 301pHOT0 6€30aIKOBOTO MEPEKPUTTSI.

Po3pobiennii  MeTox po3paxyHKy 30ipHOTO 6e30aIKOBOrO HEPEKPHUTTS OCHOBAHO Ha
0COOJIMBOCTI PO3IO/IUTY HABAHTAXKCHHS HA TIEPEKPHUTTI MIXK IOTO OKPEMHUMH €JIEMEHTaMHU 32 CXEMOIO,
KOTpa OJTHO3HAUYHO BU3HAYAETHCSI KOHCTPYKIIEIO 3’€THAHHS €IEMEHTIB. HABAHTAXKEHHS 13 CepeaHbOT
IUTHTH TIePEIAEThCs BUKIIOYHO Ha MIXKKOJIOHHI IUTUTH, 3 MKKOJIOHHHX IUIUT HA HaJKOJIOHHI KOJIOHH,
a 3 OCTaHHIX — Ha KOJOHU. Taka CTpyKTypa pO3IOALTy HABAHTKEHHS 110 NEPEKPUTTIO 00YMOBIIIOE B
TPaHUYHOMY CTaHi HOro poOOTH pO3PaxXyHKOBI CXEMH OKpPEMHX HOTO eIeMeHTiB — 30ipHHX
3a1i300eTOHHUX KT, Tak, HaNpUKIad, CepelHs IUIUTa PO3IVIIIAEThCS SK IIAPHIPHO OmepTra IO
KOHTYPYIUTHTa 3aBAaHTA)KCHA PIBHOMIPHO DO3MOIJICHAM HaBaHTAKCHHSIM. [Ipu [BOMY B3IOBXK
KOHTYpY L€l IUIUTH JOJATKOBO YPaxOBYEThCS Jisl ONOPHOTO MOMEHTY Msup, SIKHI BHHHKAa€ B CTHKaxX
Cepe/IHIX IUTUT 3 MDKKOJOHHMMH IUTMTaMK.BU3HAYCHHS TpaHMYHOTO HAaBaHTA)XCHHS Ha 30ipHE
0e30a1KoBe MEPEKPUTTS 3aMPONIOHOBAHO 3[IHCHIOBATH KIHEMaTHYHHM CIIOCOOOM METOAY IPAHHYHOL
piBHOBary. 3aCTOCyBaHHs LLOTO CIOCO0Y PO3PAXyHKY MiATBEPHKCHO YUCICHHIMH TCOPETHYHUMU Ta
EKCIIEPUMEHTAIBHUMU  JTOCIIDKEHHSIMU. Po3po0ieHuit crnocid po3paxyHKy [JO3BOJISIE BH3HAYMTH
py#HIBHE HAaBaHTAXXCHHS HE TUIBKU UL IEPEKPUTTSA B LIJIOMY, ajie il I KOXKHOI OKpeMoi 3 THUIB
IUTHT.

1. TMaenikoB A.M., T'apskaBa O.B., Bespykasuii J[.B. BrpoBamkenns Oe3purenbHo-0e3KamiTenbHOi KapKacHOT
KOHCTPYKTHUBHOI CHCTEMH B IIPOEKTYBaHHs Oy/IiBeNb it A0cTymHe kutio. 30. Hayk. np.. — Pisne: HYBI'TI, 2013,
Bum. 27.

2. Pavlikov A., Harkava O., Prykhodko Yu., Baryliak B. Highly constructed precast flat slab frame structural system

of buildings and research of its slabs. Proc. of the Int. fib Symp. on Concept. Design of Structures. Madrid, 2019.
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Precast flat plate analysis by kinematic method

Andriy. Pavlikov, doctor of technical sciences, head of the Department of Building Structures
Olga. Harkava, candidate of technical sciences,doctoral student of the Department of
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National University «Yuri Kondratyuk Poltava Polytechnic»

Rapid restoration of the housing stock of Ukraine is currently one of the primary tasks of the
construction industry. The solution of this problem is quite realistic to be carried out due to the
introduction of modern structural systems into the construction technology of buildings and
structures — in particular, the system based on a precast flat plate frame, improved at the “Poltava
Polytechnic” [1 — 2]. When choosing a structural system, the high speed of construction of
buildings comes to the fore, which can be achieved by using precast reinforced concrete structures,
the installation of which, as a rule, can be implemented in the shortest possible time, regardless of
weather conditions. In addition, the comfort of living conditions, the convenience of volume-
planning solutions and the possibility of their variation play not the least role in the mass
construction of housing for the future. All the mentioned qualitative indicators, as well as others,
including: low cost of building construction and reduced labour costs, can be achieved when
erecting buildings of a precast flat plate frame structural system.

The proposed system with flat floors made of precast slabs provides for their direct connection
to columns without using of elements protruding from the plane of the floor, such as beams, consoles
or capitals. This contributes to the efficient use of the construction volume of the building and the free
choice of architectural and planning solutions. However, traditional approaches to the analysis of flat
plate floor systems do not always take into account the design features of nodes connecting members
and the principles of load redistribution between them. Therefore, it is necessary to synthesize an
analysis method based on existing approaches, which takes into account the noted features and
contains improved methods of calculation and design of members of a precast flat plate floor.

From the analysis of the work of the precast flat plate floor system, it was found that the load
on the floor is distributed among its members and transferred to the column according to the
scheme, which is clearly determined by the method of connecting the members. Since the middle
slab of the precast flat plate floor is connected by loop joints only to the intercolumned slabs,
therefore the load from it will be transferred exclusively to these slabs. In turn, the intercolumned
slabs transfer the load to the overcolumned slabs; overcolumned slabs transfer the load to the
columns. Such a scheme of load distribution determines the scheme of failure of the overlap into
members in the limit state. Thus, each slab of the precast floor when calculating in the limit state
can be considered separately, but taking into account the nature of the distribution of loads on it, the
support scheme and the interaction between the slabs in the floor. Therefore, for example, the
middle slab is considered as a slab hinged along the contour and loaded with a load evenly
distributed over its area. At the same time, the bending moment Msup acts along each linear hinge
support in the limit state, which occurs in the hinge joint with the intercolumned slab. Therefore,
when considering the design scheme of the slab, this moment is applied along its contour.lt is
proposed to determine the limit load on the slabs of the precast flat plate floor using the kinematic
way of the limit equilibrium method. The possibility of applying this analysis method to reinforced
concrete slabs is confirmed by numerous theoretical and experimental studies. The kinematic
method of calculation allows determining the destructive load for all types of precast slabs of a flat
plate floor based on the determined schemes of slab failure in the limit state. It has a clear algorithm
and experimentally based physical content, which allows obtaining the desired solutions using
simple analytical dependencies.

1. Pavlikov A.M., Harkava O.V., Bezrukavy D.V. Implementation of a flat plate frame structural system in the design of
buildings for affordable housing. Coll. of science etc. Rivne: NUVHP, 2013, Issue 27.

2. Pavlikov A., Harkava O., Prykhodko Yu., Baryliak B. Highly constructed precast flat slab frame structural system of
buildings and research of its slabs. Proc. of the Int. fib Symp. on Concept. Design of Structures. Madrid, 2019.
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Mera JOCTi/UKeHHST —II0Ka3aTH ajlrOPUTM Ta MOXKIIMBOCTI mporpaMHoro 3abesmedents Sika
Carbo Dur Softwere Ha npukiaai po3paxyHKiB MOCHICHHS 3a1i300€TOHHOT GaIKK 32 HOPMaIbHUMH
nepepizamMu 30BHIIIHBOI0 KOMIIO3UTHOO apMaTypOIO 3 BIJICLIEBHX BOJIOKOH, 10 HAKJICIOETHCS.

Iporpamue 3a6e3ne4eHHs 0a3y€eThCs Ha METOIUKAX Ta MOJEISX JUIS PO3PAXyHKIB HOCHICHHS
3aJ11300€TOHHUX €JeMEeHTIB, sKi peanizoBani B €Bpokoai TR55 -EN1992-1-1, AmepukaHCbKHX
Hopmax ACI 440-AClI 318, llIseiinapcskux HopMax SIA 166 - SIA 262 ta in.

MaeTbcs JIBi MOXJIMBOCTI JUIsi BHKOHAHHS po3paxyHkiB. 1. Po3paxyHKM CTHCHYTHX Ta
3IHHAIBHUX EICMEHTIB 33 HOPMAJIBPHUMH Ta MOXWIHMH Mepepi3amMu 3a OTPUMAHUMH 31 CTATHYHHUX
Ta JUHAMIYHUX PO3PaxXyHKIB 3yCHJUIIMH. AJITOPUTM - IPH3HAYAEMO TC€OMETPI0 IONEPEYHOTO
mepepizy  eNeMEHTy, Woro apmyBaHHS (TaKOX € OMNIisg apMarypd 3  IONEpPEeIHIM
HANpy)KCHHSIM),BU3HAYAEMOCST 3 BHYTPIIIHIMH  3yCWUBIMH ~ Ta  (i3MKO-MEXaHIYHHUMH
XapaKTepUCTUKaMu OeTOHy Ta apMaTypd Ta BHKOHYEMO pO3paxyHKH. OTPUMY€EMO HPOTOKOIN Y
dopmari *.pdf, B skomy BkazaHi BUXigHI JaHi, XapaKTEePUCTHKU MaTepiaiB, MOMCPEH] TepeBipKH
KOMOIHAIlIi HaBaHTQKEHb [UIsI MOCWICHOTO Ta HEIOCWICHOrO eJIeMeHTiB, nedopmamii Ta
HaIpy>KeHHs,BU3HAUEHI 3a JiarpamMamu JedopMyBaHHs MarepianiB juist 1- 1 2-1 rpynu rpaHuuHUX
cTaHiB. TakoX NPUBOAATHCS PE3YNbTaTH PO3PAXYHKH BOTHECTIHKOCTI 32 METONOM i30Te€pM IIpH
500°C, sikuit onucanuii B EN-1992-1-2 4.2 i B Jlonarky b. B kiHIleBoMy pe3yibTaTi OTPUMYEMO
cxeMy OCHOBHOTo apmyBaHHs FRP.2. Po3paxyHKM 3rHHQJIbHHX €JEMEHTIB 32 HOPMaJbHUMHU Ta
MOXWIMMH IIepepi3aMy 3a 30BHINIHIMI HaBaHTa)XCHHSAMH, SIKI IPHKIIAAI0THCS 10 CICMEHTY.

Posrisinemo, BilacHe, AITOPUTM Ha NPHUKIAAI PO3PAXYHKY ITOCHJICHHS 3a1i300€TOHHOT
po3pi3Hoi Oankn Ha aBOX (pyXxOMiii Ta HepyxoMmiif) mapHipHO o0meprux omopax. J{OBKHHA
po3paxyHKoBOro mponboty 2,9 M, miromaika oomupanns 100 mm. IlpuiimMaemo, o MoYaTKOBUIA
HaIpy XeHo-e(hOPMOBaHUIA CTaH FeHepyBaTUMETHCSI aBToMaTU4HO B 00’ emi 100% Bix mocTiiHOrO
HaBaHT@KeHHs. [Ipukiagaemo /10 6aaky piBHOMIpHO posmofinene HaBanTaxeHus 1 kH/M B sikocti
MOCTIMHOTO HAaBAaHTAXEHHs, a TaKoX KoHueHTpoBaHy cwiy P = 20 kH mno cepeauni
nponsoty.[puitmaemo kiac 6erony C20/25, minmicts Getony Ha posrsar 1,55 MIla, koedirienTn
Oesneku e iys 3a EN-1991-1-1. 3agaemo npsiMoKyTHHIT monepeyHuii nepepis 6anku - mmpunaa 100
MM, Brucota 200 mM. TIpr3HavyaeMo MO30BXKHIO BepXHIO apmarypy 1@6 A240ta HWKHIO poOOUy
apMarypy 1016 A400, nomepedny apmaTypy y BUIULiAI XomyTiB @8 A240 3 xpokom 150 mm.
Takosx npuitMaemMo koedinieHTH Oe3MeKn 3a HaBaHTHKCHHAMH — 32 3aMOBUYBAHHSM Iie KOMOiHaIIist
€BpoKO/y KaTeropist A: mpuBaTHe, XKUTJIOBE OyAiBHULTBO. BUKOHyeMO BUOIp cUCTeMH apMyBaHHs
FRP(3 TpamuiiiiiHUM HaKICIOBAaHHSM, 3 PO3MIIICHHSAM Yy Ma3ax abo BapiaHT 3 IIONepeaHiM
HaNpy)KEHHSAM BYTJICIIEBUX KOMITO3UTHHUX CTpidoK)— 1 ctpiuka Sika Carbo Dur S626. Orpumyemo
pe3yIbTaTH IEPEBIpPOK Ta eHMIOpH AehopMaliil i HaIpy>KeHb, JOBKHUHY 30HH aHKEPYBaHHS CTPIUKH,
IPaHMII0 BOTHECTIHKOCTI — B maHoMy Bumaaky 11eR60. ITporpamue 3abesneuenns Sika Carbo Dur
Softwere — 3pyuHnit IHCTPYMEHTHJIS IHXKCHEPHOTO MPOCKTYBAHHS Ta TEOPETHYHOTO aHANi3y
nocwteHHs FRP.

1. Darby, A., Clarke, J., Shave, J. D., &Ibell, T. (2012). Design guidance for strengthening concrete structures using fibre
composite materials: report of a Concrete Society Working Party. (3rd ed.) (Technical Report; Vol. 55). The Concrete Society.
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The purpose of the study is to show the algorithm and capabilities of SikaCarboDurSoftwere
on the reinforced concrete beam strengthening calculations template at normal cross-sections with
external composite reinforcement made of carbon fibers that is adhered.

The software is based on methods and models for strengthening calculation of reinforced
concrete elements, which are implemented in Eurocode TR55 - EN1992-1-1, American norms ACI
440-ACl 318, Swiss norms SIA 166 - SIA 262, etc.

There are two possibilities for calculations making:

Calculations of compressed and bending elements for normal and inclined sections according
to forces obtained from static and dynamic calculations. Algorithm - we assign the geometry of the
cross-section of the element, its reinforcement (there is also an option of reinforcement with
prestressing), determine the internal forces and physical and mechanical characteristics of concrete
and reinforcement, and perform calculations. We receive a protocol in *.pdf format, which indicates
the initial data, material characteristics, preliminary checks of load combinations for strengthened
and unstrengthed elements, strain and stresses determinedfromthestress-straincurvesfor the 1st and
2nd groups of limit states. The results of fire resistance calculations using the isotherm method at
500°C, which is described in EN-1992-1-2 4.2 and in AnnexB, are also given. As a result, we get
the scheme of the main FRP reinforcement.

2 - Calculations of flexural elements for normal and inclined sections under external loads
applied to the element.

Consider, in fact, the algorithm on the calculating template the strengthening of RC simply
supported beam on two (moving and stationary) hinged supports. The calculated span length is 2.9
m, the width of bearing area is 100 mm. We assume that the initial stress-strain state will be
generated automatically in the volume of 100% of the dead load. We apply to the beam a uniformly
distributed load of 1 kN/m as a permanent load, as well as a concentrated force P = 20 kN in the
middle of the span. We accept characteristic compressive concrete strength C20/25, characteristic
tensile concrete strength 1,55 MPa, strength reduction factors yc and ys according to EN-1991-1-1.
We set the rectangular cross-section of the beam - width 100 mm, height 200 mm. We assign
longitudinal upper reinforcement 196 A240 and lower main reinforcement 1916 A400, transverse
reinforcement in the form of clamps @8 A240 with a step of 150 mm. We also accept reduction
factors for imposed loads - by default, this is a combination of Eurocode category A: private,
residential areas. We select the FRP reinforcement system (simply bonded, NSM or Post-tensioned
system) — 1xSikaCarboDur S626 tape. We receive the results of checking and the plot of strains and
stresses, the length of the anchoring zone of the tape, the fire resistance time - in this case, it was
Fire Resistance class: R60.

SikaCarboDur Software is a convenient tool for engineering design and theoretical analysis of
FRP strengthening as well.

1. Darby, A., Clarke, J., Shave, J. D., &lbell, T. (2012). Design guidance for strengthening concrete structures
using fibre composite materials: report of a Concrete Society Working Party. (3rd ed.) (Technical Report; Vol. 55). The
Concrete Society.
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Po6oTa KOHCTPYKUiii 3 BHKOPUCTAHHSAM CHeliaJbHUX APMATYPHHUX CHCTEM

Maxkcum Ilonomapenko, 3006ysau opyzo20 (mazicmepcoko2o) pisHs 6uwoi océimu 3a
oceimuboto npoepamoro «Ilpomucnoge i yusinohe 6yoienuymeox,https://orcid.org/0009-0009-
7977-2268

Bipa Konskosa, kano.mexu.nayk. doyenm xapeopu 3ani300emoHHuUx ma Kam’ iHux
rxonempykyitl, https://orcid.org/0000-0001-6879-8520

[awnin Bizipenxo, 3000y6au nepuwiozo (0akanagpcoko20) pishs suujoi 0ceimu 3a 0Cimmbol0
npoepamoro «IIpomucnose i yuginvre 6yoisHuymeox»,https://orcid.org/0009-0003-7715-1384

Kuiscoruil nayionanvruii yrieepcumem 0yoisnuymea i apximexmypu (m. Kuie)

KoHCcTpyKIii 3 BUKOPHCTAHHSM CIEL[ia/IbHUX apMaTypHUX CHCTEM MAlOTh BKJIMBE 3HAYCHHS
B OyniBHuITBI. BoHM 3a0e3mneuytoTh HEOOXiHY MILlHICTh 1 CTIHKICTh OyaAiBeJbHUX KOHCTpPYKIIH,
3MEHIIYIOTh PU3UK MOIIKOKEHb BHACTINOK BIUIMBY 30BHIIIHIX YHHHHKIB 1 IIPOJIOBKYIOTH TEPMiH
eKcruTyaraii OyaiBii. Y 1iil HayKoBii poOOTI pO3rIITHEMO OCHOBHI aclieKTH poOOTH KOHCTPYKIIii 3
BUKOPHCTAHHSM CIICHIATBHIX apMATypPHUX CHCTEM.

CreniaibHi apMaTypHi CHCTEMH 3aCTOCOBYIOTHCS JUIsl 3a0€3MEUCHHS] MILHOCTI 1 CTiHKOCTI
KOHCTPYKLIM mix uac excrutyarauii. BoHM ckiagaloTbcss 3 pI3HMX €JIEMEHTIB. CTEpP)KHIB,
JPOTY,IIACTHH 1 T.JI.

JlaHa cxema J103BOJISIE CKOHOMIYHO 301TBIIUTH
CTIMKICTD 3aJ11300€TOHHOI IUINTH 10 PyHHYBaHHS IPH
3CyBI IPH MPOIABIIOBAHHI

J10 OCHOBHHUX THIIB CHELIaJIbHUX apMaTyPHHUX
CHCTEM BIIHOCSTHCS:

e apmarypa 3 HaIpyKCHHMH CTCPXHIMH, sKa

BUKOPHCTOBYETHCSI ISl TiJBHIICHHS MilHOCTI

Ta CTIHKOCTI KOHCTPYKIIH;

e INTYYHO 3BapeHi CiTKW, SKI J03BOJISIOTH
3MCHIIUTH dac OyJiBHHITBA 1 IOKPAIIUTH

SIKICTh KOHCTPYKILiH;

Puc.1 Cxema 3amobiranss

ITPOIABJIFOBAHHIONIPU BEJIMKUX
HaBaHTAXXCHHIX.

e TIIPOCTOPOBI apMaTypHi CHCTEMH, IO CKJIAJAlOThCs 3 CTCPXKHIB Ta IUIACTHH, SIKi
BHUKOPHCTOBYIOTBCS JUIs 320€3M€UEHHsT MIilHOCTI Ta CTIHKOCTI KOHCTPYKIIiH.

3acTocyBaHHS CICIiaTbHUX apMaTYpPHUX CHCTEM JO03BOJISE JIOCATTH 3HAYHUX I[EpeBar B

OymiBHMITBI. 30KpeMa, BOHHM JO3BOJISIOTH IJIBUIIUTH MIIHICTh Ta CTIHKICTh KOHCTPYKIIiH,
3MEHIIHUTH BapTiCTh OyAiBHULITBA, 320€3IEUNTH JOBrOBIYHICTh Ta HAMIHHICTD Oy 1iBEIb.

3acTOCyBaHHS TaKMX CHCTEM € BaXJIMBHM KPOKOM B PO3BUTKY OY/IBHHITBA i JO3BOJISE
HOKPAIIMTH AKICTH OyAiBenbHUX POOIT, 3a6€3neunTh 6€31eKy Ta HaAHICTL Oy TiBEb.

Puc. 2 — 3acTocyBaHHS Ha IIPAKTHIIl CHCTEMH 3al00iraHHs IPOAABIIOBaHHS.

1. Vahid Asghari, Yanyu Wang, Ava Jahan Biglari, Shu-Chien Hsu, Pingbo Tang Reinforcement Learningin
Construction Engineering and Management: A Review//Journal of Construction Engineering
andManagementVol. 148, Issue 11 (November 2022).https://doi.org/10.1061/(ASCE)C0O.1943-7862.0002386

2.V VAlekseenko , E A Tyukavkin, A S Kaunova Reinforcement of concrete structures with external reinforcement
system with composite materials// IOP Conf. Series: Earth and Environmental Science 751 (2021) 012060 .- p.1-
10. https://doi.org/10.1088/1755-1315/751/1/012060
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Working with special reinforcement systems in constructions.

Maksym Ponomarenko, Master’s Student, https://orcid.org/0009-0009-7977-2268
Vira Koliakova, candidate of technical Sciences, Associate Professor, Departmentof
Reinforced Concrete and Stone Structures, https://orcid.org/0000-0001-6879-8520
Danil Vizirenko, Bbachelor’sStudent,https://orcid.org/0009-0003-7715-1384

Kyiv National University of Construction and Architecture.

Constructions using special reinforcement systems are of great importance in construction.
They provide the necessary strength and stability of building structures, reduce the risk of damage
from external factors, and prolong the service life of the building. In this scientific work, we will
consider the main aspects of working with constructions using special reinforcement systems.

Special reinforcement systems are used to ensure the strength and stability of constructions
during operation. They consist of various elements: rods, wire, struts, plates, etc.

This design allows for an economical
increase in the resistance of a reinforced
concrete slab to collapse during shear stresses.
The main types of special reinforcement
systems include:

« Tensioned rod reinforcement used to
increase the strength and stability of
constructions.

¢ Artificially welded grids, which
allow reducing construction time and
improving the quality of constructions.

« Spatial reinforcement systems consisting of rods and plates used to ensure the strength and
stability of constructions.

The use of special reinforcement systems allows achieving significant advantages in
construction. In particular, they allow increasing the strength and stability of constructions,
reducing construction costs, and ensuring the longevity and reliability of buildings.

Conclusion

The use of such systems is an important step in the development of construction and allows
improving the quality of construction work, ensuring safety, and reliability of buildings.

Pic.1 — A scheme for preventing collapse
under heavy loads.

vention system.

Pic. 2 — Practical application of the seliin'g”prté

1.Vahid Asghari, Yanyu Wang, Ava Jahan Biglari, Shu-Chien Hsu, Pingbo
TangReinforcementLearninginConstructionEngineeringandManagement: A Review/ /Journal ofConstruction
Engineering and Management Vol. 148, Issue 11 (November 2022). https://doi.org/10.1061/(ASCE)CO.1943-
7862.0002386

2.V. VAlekseenko , E A Tyukavkin, A S Kaunova Reinforcement of concrete structures with external reinforcement
system with composite materials// IOP Conf. Series: Earth and Environmental Science 751 (2021) 012060 .- p.1-
10. https://doi.org/10.1088/1755-1315/751/1/012060
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JocitikeHHsI HEBU3HAYEHOCTi PO3paxXyHKOBHX Mojiejiei
3aJ1i300€eTOHHHUX 3rHHAJLHUX eJIEeMEeHTIiB

Onexciii ITocmepnax, acucmenm kagheopu 3ani300emMOHHUX MA KAM’ SHUX KOHCIMPYKYItL,
https://orcid.org/0000-0002-5646-6788

Muxaitno Ilocmepnak, doyenm xagpedpu 3ani300€mMOHHUX MA KAM SIHUX KOHCIMPYKYIl,
https://orcid.org/0000-0003-3894-1386

Kuiscokuii nayionanonuil ynieepcumem o6yoisnuymea i apximexmypu (m. Kuig)

Mertoau o64ncieHHS OyAiBeIbHUX KOHCTPYKIIiH 9aCTO MalOTh HEJOMIKU Yepe3 pi3Hi paKkTopu.
®i3ugHa MOJEITb CTBOPIOETHCS LUIIXOM 3aMiHH (PaKTHYHOT KOHCTPYKIIT KapKacoM 31 CTPHIKHIB,
1acTHH a00 00’ €MHUX €JeMEHTIB, a OyAiBeJIbHUM MaTepialaM NPU3HAYaI0ThCsl HepeasbHi
BiracTuBOCTI. L{e#i nponec Binomuii sk ¢ismune MonemoBanHs. [loTiM Ha OCHOBI 1iel Moei
(hopMyrOThCs PIBHSHHS BHYTPILIHIXHANIPYKEHb Ta JedopMaliii, a oTpumani Gpopmyiu yacto
HaJIMIpHO CIIPOILYIOThCS. 3HAYHI MaTepiaibHi Ta TIOCHKI BTPATH MOXYTh OyTH PEe3yIbTaTOM
MPOPaxyHKY KOHCTPYKLIiH{, [0 CBIYNTH PO HETOUHICTh PO3PaxXyHKy Ta HEJOCTATHIN piBeHb
HaziiHOCTI. TOYHUM PO3paxyHKOM MOXKHA BUSBUTH IIPUXOBAHI pe3epBH OyHiBHUIITBA Ta
3MeHIUTH 30uTKH. 1110 cTOCyeThCS PO3paxyHKOBOI MOJENi, HEBU3HAYCHICTh MOYKHA OLIHUTH 3a
JIOTIOMOT0I0 BUITPOOYBaHb 200 HUISIXOM HOPIBHSHHS Pe3yJIbTaTiB PO3PAXyHKY MEHII TOYHOT
Mozeni 3 01l TouHO0. EeKTHBHUM MiIX00M 10 BpaxyBaHHS Ili€] HEBU3HAUCHOCTI €
BKJIIOYCHHs KoedinienTa HagiiiHocTi Moedi, Bigomoro sik yd. Lleit koediieHT BpaxoBye Taki
3MiHHI, K Hernepe0auyBaHiCTh METOY PO3PaxXyHKY.

Ipu oniHui HamitHOCTI MOJENl MOXKe OyTH KOPHCHHM PO3IJIIHYTH IBa pi3Hi (akTopH, AKi
HOSICHIOIOTh HEBM3HAUYCHICTh PO3PAXyHKY, KOJIM MOBa e NP0 BIUIMB HaBaHTAXCHHS (ysd) 1
Hecydy 371aTHICTh (Yrd). [IpOMOHY€ETHCS MiABUIMUTH PiBEHb OE3MEKHM €JIEMEHTY, 30UIBIIMBIIN HOro
pe3epB MILHOCTI 32 JIOIIOMOTOI0 BHKOPHCTAHHS PO3PaxyHKOBOIO Koe(illieHTa HEBH3HAYCHOCTI
Hecydol 3AaTHOCTI, HacTymHO (opmysoro (1) :

_(nME M) M
Vi = ynMuExpﬂl ’

Ve — Koe(IliEHT HEBU3HAYEHOCTI PO3PaXyHKOBOI MOJIEI,

D
e

7n— Koe(DilieHT HaMIMHOCTI 3a IPU3HAYCHHSIM,

M e .
U — eKCIIepUMEHTaJbHe 3HAUCHHS PyHHYIOUOr0 3rHHaILHOIO MOMEHTY,

M .
U — TeOpETUYHE 3HAYEHHS PYWHYIOYOr0 3THHAIIEHOTO MOMEHTY,
ex

B HEOOXiJHEe HOPMATHBHE 3HAYCHHSI JAIBHOCTI BiZIMOBH,

B - (hakTHYHA TATBHICTH BiJIMOBH.

BukopucroByroun maHWi minxing, Oyna BHKOHAHA IIEpeBIpKa PO3PaxyHKOBI MOJENi
IiICUIEHUX 3a/1i300€TOHHHUX 3TMHAJIBHUX CJIEMEHTIB PI3HUMH METOJAMH.

1. Iocrepnak O.M., [Tocteprak M.M. BIinB HeBU3HAUCHOCTI PO3PAaXyHKOBOT MOJIEI i ICUIICHUX 3TMHAIBHUX
eneMeHTiB.//36ipHuK HayKoBUX mpaib «ByniBesnbri koucTpykuii. Teopis i npakrika». KHYBA Bu. 10, 2022,
158-165c.https://doi.org/10.32347/2522-4182.10.2022.158-165

2. Ycaxoscwknii C.b. TIpukiiajuble 3a/jaui TEOPUH HAJEKHOCT HCOOPyXkeHMH. O HOBOI MapaaurMe Teopun
pacuera coopysxkeHuii: | monoepagus. —K.: KHYCA, 2014. — 56 c.
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Mykhailo Posternak, associate Professorof the Department of Reinforced Concrete and
Stone Structures, https://orcid.org/0000-0003-3894-1386

Kyiv National University of Construction and Architecture (Kyiv)

Methods for computing building structures often have shortcomings due to various factors. A
physical model is created by replacing the actual structure with a frame made of rods, plates or
three-dimensional elements, and assigning unrealistic properties to the building materials. This
process is known as physical modelling. Internal stress and strain equations are then generated from
this model, and the resulting formulas are often overly simplified. Significant material and human
losses can result from miscalculated structures, which indicates inaccurate design and insufficient
reliability. Accurate calculation can reveal hidden reserves in construction and reduce losses. As for
the design model, the uncertainty can be assessed through testing or by comparing the results of a
less accurate model with a more accurate one. An effective approach to accounting for this
uncertainty is to include a model reliability factor known as yd. This factor takes into account
variables such as the unpredictability of the calculation method.

When assessing the reliability of a model, it may be useful to consider two different factors
that explain the uncertainty of the calculation when it comes to the effect of the load (ysd) and the
load carrying capacity (yrd). It is proposed to increase the safety level of the element by increasing
its safety margin by using the design uncertainty factor for the bearing capacity, as follows (1):

(7MEP=MI") g+ M B
7MP A '

Vrd — uncertainty coefficient of the calculation model,

Y = (1)

e

7n — coefficient of reliability for the intended purpose,
M PP

Th
M, theoretical value of the destructive bending moment,

— experimental value of the destructive bending moment,

- required standard value of the failure range,
B - actual failure range.

Using this approach, the design model of reinforced concrete bending elements was verified
using various methods.

1.Posternak O.M., Posternak M.M. The influence of the non-deterministic design model of the reinforced bending
elements. //Collection of scientific papers "Building structures. Theory and practice”. KNUBA, Issue 10, 2022,
158-165 pp. Theory and practice". KNUBA, Issue 10, 2022, 158-165 pp. https://doi.org/10.32347/2522-
4182.10.2022.158-165

2. Usakovskyi S.B. Prykladnye zadach yteoryy nadezhnosty sooruzhenyi. O novoi paradyhme teoryy rascheta
sooruzhenyi: / monohrafyia. —-K.: KNUSA, 2014. - 56 s.
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MeToaukH po3paxyHKy MOHOJITHUX 32/1i300eTOHHUX KOHCTPYKILii 3
nonepeaHiM HANPYKeHHSIM apMaTYPHUX KaHATIB

Jmumpo Cmopxanos, xano.mexu.Hayk, 0oyenm kagheopu 3anizobemonnux ma Kam’sHux
rxonempykyiit, https://orcid.org/0000-0001-7890-2686

Bonooumup Bunokyp, 3000yéau Opyeozo (mazicmepcvkoz2o) piens euwjoi océimu 3a
ocgimnvolo npozpamoro «IIpomucnose i yusinene 6yodisnuymeo», https://orcid.org/0009-

0002-3218-5620

Kuiscokuti nayionanvruil yHigepcumem 6yoieHuymea i apximexmypu (m. Kuig)

OctanHiM YacoM B YKpaiHi HaOyBa€ MOMyJISPHOCTI BUKOPUCTAHHS MONEPEAHBO HANPYKEHUX
KaHATIB B IUIMTaX 1 OaJKaXx MOHOJITHHX 3a1i300€TOHHUX KOHCTPYKISX HEPEKPUTTS IPH BEIUKUX
MIPOJTBOTAX.

Mera JOCHIKEHHSI —[POBECTH aHAli3 ICHYIOUMX METOAMK PO3PaxyHKIB 3aiiz00€TOHHHX
KOHCTPYKIi 3 IONEepeqHIM HANpyXKEHHAM apMaTypHUX KaHATIB, OLIbII BiOMOI SIK TEXHOJIOTiSL
«PostTension»

3aranpHull BUIIAA Oalku 3 IONEPEIHbO-HANPYKEHUMU KaHATaMU HABEAEHO Ha puc. 1,
oropHa 30Ha GaJky MoKka3aHa Ha puc.2, [1].

Puc. 1. ITonepeiHb0 Hanpy»KeHa MOHOJITHA Puc. 2. OnopHa 30Ha MomnepeHFO HAPYKEHUX
3aJ11300€TOHHA OaJika B Mpoleci Oy IiBHUITBA KaHAaTiB B MOHOJITHIN 3a1i300€TOHHIN Oaii
(Byaieaunrso mwkoiu B M. Kuesi)[1] (By#iBHHIITBO TOPTriBEIbHO-PO3BAKAIBHOTO

komruiekcy B M. Kuesi) [1]
JlaHa TEXHOJOTIs HO3BOJISIE CYTTEBO 30LIBIIMTH IIPOILOTH KOHCTPYKILH 1 po3MipH mepepisis
ILUIUT Ta OaloK.

PosrnstHyTi MeTOoAM pO3paxyHKIB KOHCTPYKIH 3 IONEpeJHIM HAMpyKEHHSAM 3a JOIOMOIOO
KaHatiB. Po3paxyHKH BUKOHYBaJINCh 3a JIOTIOMOTOIO TIpOrpaMHoro komruiekcy Jlipa.

1. CwmopxkanoB JI. MoHomiTHI 3ami306€TOHHI KOHCTPYKIII 3 MOMEpPEeAHbO HAmpyKeHHMH KaHatamu // 36ipHHK
nayk.npanp «byniensni koncrpykuii. Teopist i npaktuka». KHYBA.- Bun.10,2022p. C. 136-142
https://doi.org/10.32347/2522-4182.10.2022.136-142

2. XKypascbkuit O.[1., Tumouryk B.A. Po3paxyHOK IIOCKHX 3ai300€TOHHUX IUINT, MiJICHICHHX 30BHIIIHBOIO

HaNpy>XeHOIo apmarypolo. ByniBenbHi koncrpykuii. Teopis i npaktuka: 30. mayk. mnp. Kuis, KHYBA, 2017.
Bum.1.

85



Methods of calculation of monolithic reinforced concrete
structures with post-tension ropes

Dmytro Smorkalov, candidate of technical sciences, associate professor of the Department of
Reinforced Concrete and Stone Structures, https://orcid.org/0000-0001-7890-2686
Volodymir VVynokur, Master’s student, https://orcid.org/0009-0002-3218-5620

Kyiv National University of Construction and Architecture

Recently, in Ukraine, the use of pre-stressed ropes in slabs and beams of monolithic
reinforced concrete ceiling structures with large spans is gaining popularity.

The purpose of the study is to analyze existing methods for calculating reinforced concrete
structures with prestressing of reinforcing ropes, better known as Post Tension technology

The general view of the beam with prestressed ropes is shown in Fig. 1, the support zone of
the beam is shown in Fig. 2 [1].

Fig. 1. Post-tensioning monolithic reinforced Fig. 2. Anchoring zone of post-tensioned ropes in
concrete beam during construction (School a monolithic reinforced concrete beam
construction in Kyiv)[1] (Construction of the shopping mall in Kyiv)[1]

This technology can significantly increase the spans of structures and the size of the sections
of plates and beams.

Methods of calculation of structures with prestressing using ropes are considered. The
calculations were performed using the Lira software complex.

1.Smorkalov Dmytro,.Monolithic reinforced concrete structures with post-tension ropes. Building constructions.
Theoryandpractice: coll. Science. Kyiv Ave., KNUBA, 2022. Issue 10. P. 136-142.

https://doi.org/10.32347/2522-4182.10.2022.136-142

2. Zhuravskyi Oleksandr, Tymoschuk Vladyslav. Investigation of a flat reinforced concrete slab reinforced with
external tensioned reinforcement. Building constructions. Theory and practice: coll. Science. Kyiv Ave., KNUBA,
2020. Issue 7.
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http://orcid.org/0000-0002-4878-5164
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http://orcid.org/ 0000-0003-2510-3586

Kuiscokuil nayionanvnuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuig)

Mera mOCHimXKEHHS —BHBYCHHS IOIECiB copOLii KaTiOHIB KaaMilo (epoMarHiTHUMH
pearentamu. Jluist Toci/pKeHHst i€l MeTH OyJiM TMOCTaBJICHI Taki 3ajadi: JOCTHIIUTH e(PEeKTHBHICTh
copOuii 10HIB KaaMi0 (epoMarHiTHUMH COpOSHTaMU 3 MOJEJIbHUX PO3YHMHIB Ta MPOMUBHHX BOJ
CNIEKTPOXIMIYHUX IiANPHEMCTB./IOCTIIKEHHS MIPOIECiB BIIyYCHHS 10HIB KaJMIil0 IIPOBOJHMIN Ha
eKcliepuMenTanbHiil ycranoBui (puc.l) B nabGoparopii Boau Kadeapu BOAONOCTAYaHHS Ta
BOJOBigBeAeHH! KHIBCHKOTO HAIliOHATBEHO YHIBEPCUTETY OYIiBHUIITBA 1 apXiTEKTYpH.

kT E,%l

\& 80

60

/ 40
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-

100 300 500 Fe,0, wrin
Puc.1-Cxema eKkcHepuMEHTaIbHOT yCTaHOBKHM: 1- Puc.2—3ainexHiCTh TOBHOTH OYKMCTKH Bij
peakTop 3 Mimankoro, 2-trepmomerp; 3-matumku pH-  1o3u marseruty (Cc? now. — 62 Mr/i, pH=8,0,
Metpa; 4-enexTpon; S-mosieTuneHoBa TpyoOka; 6-KpaH; MAarHeTHT i3 coei 3aiza)
7-dinprpyBanbhuil mamip; 8-xosba  ¢inerpary; 9-

K0JI0a MPO/IyBa€EMHX CTOKIB.
JlocnipkeHHs MPoLecy OYMCTKH CTIYHMX BOJ rajibBaHIYHOIO BUPOOHHIITBA BiJl iOHIB KaJMit0

(I) 3 BuKOpHCTAHHSIM MarHeTHTy (pHC.2), OTPHMAHOTO i3 PO3YHMHIB CONEil 3airi3a, HOCATaeThCs

edexr oumctku 85...90% npu cnieeigHomenni FesOs: Cd?* =10:1. I3 oTpumaHux 3ajnexHOCTEH

BUAHO, W0 e(EeKT OYHMCTKH 3aleKUTh BiJ CrnocoOy 1 CTPYKTYpH YaCTHHOK IPHU OTpUMaHi

MarHeTury.

IIpoBeneni excrepuMEHTaJbHI JOCHI/UKEHHS JIOBEJM BHUCOKY e(EeKTHBHICTH Hpolecy

BIJTYYCHHS 10HIB KagMil0 ()epOMarHiTHIMH peareHTaMH.

1. Olena Zoria, Oleksii Ternovtsev, Yurii Kapanytsia, Dmytro Zoria. Resource-Saving Technology Of Industrial
Wastewater Treatment From Nickel Compounds. 2nd international symposium of earth, energy, environmental
science and sustainable development 2021, Volume 2534, Issue 1. pp.03009-1 - 030009-
10.DOl:https://doi.org/10.1063/5.0106509

2.30ps O.B., Teprosues O.B., 3ops JI.I. Ouncrka cTi9HIX BOA MPOMHUCIOBHX IMiIIPUEMCTB BiJl CIIONYK Mifi
(depuruzanicro.//36ipuuk Hayk. npaik Byaisensui koHcTpykiii. Teopistanpakruka. —Bum.8 - Kuis, KHYBA,
2021. ¢.58-68. DOI: https://doi.org/10.32347/2522-4182.8.2021.58-68
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Experimental research on the extraction of cadmium ions
from industrial wastewater

Oleksii Ternovtsev, candidate of technical sciences, associate professor of the department of
water supply and drainage, http://orcid.org/0000-0003-1761-2444

Olena Zoria, candidate of technical sciences, associate professor of the department of water
supply and drainage, http://orcid.org/0000-0002-4878-5164

Viktoriia Stoianova, postgraduate of thedepartment of water supply and drainage,
http://orcid.org/0000-0003-2510-3586

Kyiv National University of Construction and Architecture

The purpose of the research is to study the processes of sorption of cadmium cations by
ferromagnetic reagents. To investigate this goal, the following tasks were set: to investigate the
efficiency of sorption of cadmium ions by ferromagnetic sorbents from model solutions and
washing waters of electrochemical enterprises. The study of cadmium ion extraction processes was
carried out on an experimental setup (Fig. 1) in the water laboratory of the Department of Water
Supply and Drainage of the Kyiv National University of Civil Engineering and Architecture.
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Fig.1.Scheme of the experimental setup: 1-reactor Fig.2 —Dependence of the completeness of
with a stirrer; 2-thermometer; 3-sensors of the pH purification on the dose of magnetite
meter; (Ccd®*initial — 62 mg/l, pH=8.0, magnetite
4-electrode; 5-polyethylene tube; 6-crane; 7-filter from iron salts)

paper; 8-flask of filtrate; 9- bulb of blown sewage.

Research on the process of purifying wastewater from galvanic production from cadmium (1)
ions using magnetite (Fig. 2), obtained from solutions of iron salts, achieves a purification effect of
85...90% at a ratio of Fe304 : Cd2+ =10:1. It can be seen from the obtained dependences that the
cleaning effect depends on the method and structure of the particles when magnetite is obtained.

The conducted experimental studies proved the high efficiency of the process of extraction of
cadmium ions by ferromagnetic reagents.

1.0lena Zoria, Oleksii Ternovtsev, Yurii Kapanytsia, Dmytro Zoria. Resource-Saving Technology Of Industrial
Wastewater Treatment From Nickel Compounds. 2nd international symposium of earth, energy, environmental
science and sustainable development 2021, Volume 2534, Issue 1. pp.03009-1 - 030009-
10.DOI:https://doi.org/10.1063/5.0106509

2.ZoriaO., Ternovtsev O., ZoriaD. Purification of wastewater of industrial enterprises from copper compounds by
ferritization.//Collection of scientific papers Building constructions. Theory and practice. — Issue 8 - Kyiv,
KNUCA, 2021. pp. 58-68.DOI: https://doi.org/10.32347/2522-4182.8.2021.58-68
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Hayionanvnuii ynieepcumem «JIvgiecoka nonimexuixa» (m. Jlosie)

ITocranoBka npobiaemu. EkoHOMI4HI peanii CbOrO€HHSI 3yMOBIIOIOTh 3HAYHE 301IbIICHHS
00CSITiB PEKOHCTPYKIIi ICHYIOYMX Oy[iBellb Ta CHOPYH, & TaKOXK 3pPOCTaHHS aKTyaJbHOCTI
npo0JaeMH ONTUMi3alii MPOEKTHUX pillleHh HOBUX OyHiBEIbHMX KOHCTPYKIH (32 paxyHOK
MAaKCHMAJIbHOTO BHKOPUCTAHHs pecypcy ix Hecydwoi 3gatHocti).Cepen iHIIOro, Ha HAlly AyMKY,
BJaJIe BUPIIICHHS TaKUX 3aBJaHb MOYKHA 3a0e3MeYnTH 00 €KTHBHHM OI[IHIOBAHHSIM HAJIHHOCTI Ta
JIOBTOBIYHOCTI SIK OKPEMOTO €leMEeHTa, Tak i OyaiBmi (cropyam) B wiomy. OCKITBKH 32 CBOEIO
IIPUPOJIOI0 A0COMIOTHO BCi 3aralbHOBIZOMI TapaMeTpH, SIKi BIUIMBAIOTh HAa TPUBATICTh EKCILTyaTaIlil
Tiei YK iHIIOT KOHCTPYKIii (HABAHTAXKEHHS, MILHICTH MaTepialiB TOINO), € BHIIAJKOBUMH
BenuuuHaMu (HaOyBarOTh PI3HMX 3HAYEHb Yy pI3HI MOMEHTH 4Yacy), BHHHKAc HEOOXiAHICTH
mo0y0BM HMMOBIPHICHMX MoOJeNel, siki 6 OmucyBanu peabHy po0oTy HOBHX (iCHYFOYHX)
KOHCTpYKLii. KiroyoBy posib mpu LBOMY BiJIrparoTh BHOIp 3aKOHY PpO3IOAUTY KOHKPETHOT
BUITAJKOBOI BEIMYMHH, IO OCOOIMBO BAXKIMBO I KOMIIO3MLIHHUX MarepiaiiB (HalpUKIaz,
3a51i300€TOHY), & TAKOX METOAY IS OLIHKM HAIiHHOCTI Ta JOBrOBIYHOCTI €JE€MEHTIB (TyT BapTo
JOAATH, 110 /I MiHIMI3alii HOXHOKH IiJ] 4ac OI[iHIOBaHHS, HEOOXi/JHI BIAMOBIIHI MOHITOPHHT 3a iX
CTAQHOM Ta 00’ €M BHOIPKH YHCIIOBUX JTaHHUX).

MeTta IOCHIDKEHHS. — OIJIsII Cy4acHUX MiJXOJIiB JIO OLIHKMA HAJIWHOCTI Ta JIOBrOBIYHOCTI
3anrizoberonHnx koHcTpykuiit (mami — 3BK), 6a3oBaHMX Ha 3aCTOCYBAaHHI METOAY CTATHCTHIHOIO
MozemoBanus (Metoxy Mounre-Kapio); neranbHuil aHamiz 0coOMMBOCTEH BHKOPUCTAHHS JAHOTO
METO/Iy B 33/1a4ax TaKoro THILY.

Pesynpratn.Ha oOCHOBI MOpIBHSUIBHOTO aHanidy 0araTbOX HAayKOBHX IIpanb (aBTOpIB
Konciatopi, Horeiipa, Ilemminep, Menbuepce, Illenrton, MakI'perop, Emrinrsyara i),
IPUCBSIYCHUX PO3pOO0LI MiAXOMIB IOAO OLIHIOBAaHHS OE3BIAMOBHOCTI, 3aJUIIKOBOTO PECYpCY,
IHIINX CKJIAJIOBUX KOMIIOHEHTIB, sIKi ()OPMYIOTh ITOHSTTS HaIiHHOCTIMPOCKTOBAHNX UM iCHYIOYHX
3BK(ne BapiaTHBHICTH BXiMHHX MapaMeTpiB Ta pPe3ysbTaTiB OazyBamacs Ha MOJACIIOBAHHI METOIOM
Mowute-Kapiio), copMym0eMO HACTYITHI 0COOIMBOCTI BUKOPUCTAHHSBHUIIE3TaIaHOTO METOTY:

1) He3HAUHI PO3KMIAMYMCIOBUX JaHMX (i 4Yac OLIHIOBAHHS MMOBIPHOCTI GE3BiAMOBHOT
po6otu 35K) MOXIIHBO OTPUMATH 3a JOCTATHBHO BEIMKOI KiTBKOCTI CHUMYIISIIAM (SIK mMpaBuiIo, AJIs
TOrO, MOOTOYHO OLIHUTH HMOBIpHiCTEBiIMOBH efeMenTaps = 107 KinbKicTs cumynsLiit MMae Gy
Ginpmoro, Hixk 1042 yn 10*3);

2) npu yMmoOBi, mo oxHa i3 ¢yHKuiii posmoginy BemmunmH Rabo Q (Hecydoi 3matHOCTI i
HABaHTAKYBAILHOTO €(PEKTy BiINOBIAHO) €BIIOMOIO 3a3jaieriab (GyHKIiEH 6araThboX 3MiHHHUX,
BUHUKA€ MOXKIIUBICT 3aCTOCYBaHHS Oyb-SIKUX 3aKOHIB PO3MOALTY BXiIHHUX IapaMeTpiB.

BucHoBku.Buxonsun 3 HaBeAGHOrO BHUINE, BBaKaeMo, 0 Metox MonTte-Kapio € Haif6inp
YHIBEPCAJILHAM METOJIOM CTAaTUCTHYHOTO MOJISJIIOBAHHSI3-IOMDK ICHYIOUMX, 1 HOro JOIIIBHO
BUKOPHCTOBYBATH B MaiOyTHIX IOCIIDKCHHIX HaiiHOCTI Ta noBrosiuHocTi 36K, mo 3HaxonsaTecs
B EKCIUTyaTarii.

1. Structural Reliability Handbook. (2015). Canberra: Australian Building Codes Board.39 p.

2. Tytarenko R., Khmil R., Dankevych I. (2021). Theoretical analysis of existing concepts to evaluate the non-
failure of RC structures in operation. Theory and Building Practice. Vol.3, No.2, P. 1-6.

3. Tytarenko R., Khmil R., SelejdakJ., Vashkevych R. (2023). Probabilistic Durability Assessment of RC Structures
in Operation: An Analytical Review of Existing Methods. Lecture Notes in Civil Engineering.VVol.290, P.408-415.
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Formulation of the problem. Today’s economic realities lead to a significant increase in the
amount of reconstruction of existing buildings and structures, as well as anincrease in the relevance
of the problem of optimization of new building structures design solutions (due to the maximum use
of the resource of their bearing capacity). Among other things, in our opinion, the successful
solution of such tasks can be ensured by an objective assessment of the reliability and durability of
both a separate member and the building (structure) as a whole. Since, by their very nature,
absolutely all well-known parameters, that affect the duration of operation of a particular structure
(load, strength of materials, etc.) are random variables (acquire different values at different
moments of time), there is a need to build probabilistic models, that would describe a real work of
new (existing) structures. A key role in this is played by the choice of the distribution law of a
specific random variable, which is especially important for composite materials (for example,
reinforced concrete), as well as the method for evaluatingthe reliability and durability of members
(here it is worth adding, that in order to minimize the error in the assessment, appropriate
monitoring for their state and sample volume of numerical data).

The aim of the study is to review modern approaches to assessing the reliability and durability
of RC structures, based on the use of the statistical modeling method (Monte Carlo method); a
detailed analysis of the features of using this method in tasks of such type.

Results.Based on a comparative analysisof many scientific works (authorsConciatori,
Nogueira, Pellizzer, Melchers, Sengil, MacGregor, Ellingwood, etc.), devoted to the development
of approaches to evaluating failure-free, residual resource, other constituent components, that form
the concept of reliability of designedor existing RC structures (where the variability of input
parameters and results was based on the Monte Carlo simulation), we formulate the following use
features of the above-mentioned method:

1) slight scatters of numerical data (when assessing the probability of failure-free operation of
RC structures) can be obtained with a sufficiently large number of simulations m(typically, to
accurately assess the member failure probability of a p= 107, the simulations numberm should be
greater than 10%*2 or 10K*3);

2) under the condition, that one of the distribution functions of values R or Q (bearing
capacity and loading effect, respectively) is a known in-advancefunction of many variables, it is
possible to apply any laws of distribution of input parameters.

Conclusions.Based on the above, we think, that the Monte Carlo method is the most universal
method of statistical modeling among the existing ones, and it is advisable to use in future studies
of the reliability and durability of RC structures in operation.

1. Structural Reliability Handbook. (2015). Canberra: Australian Building Codes Board.39 p.

2. Tytarenko R., Khmil R., Dankevych I. (2021). Theoretical analysis of existing concepts to evaluate the non-
failure of RC structures in operation. Theory and Building Practice. Vol.3, No. 2, P. 1-6.

3. Tytarenko R., Khmil R., SelejdakJ., Vashkevych R. (2023). Probabilistic Durability Assessment of RC Structures
in Operation: An Analytical Review of Existing Methods. Lecture Notes in Civil Engineering. Vol.290, P.408-
415.
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Mera JOCHIDKEHHSI — IMPOBECTH EKCHEePUMEHTaJbHI JOCIIUKEHHsS Hecydyoi 3JaTHOCTI Ta
ne(hOpMaTHBHOCT] CKIITHUX IUTHT 3 PI3HOIO KUTBKICTIO IIApiB CKIIA, SIKi OHEpTi MO YOTHPHOX KyTax
Ta NPALIOIOTh HA 3TUH T Ti€I0 30CEPe/PKEHOr0 HABAHTAXKEHHS, IPUKIAJACHOTO Yepe3 IITaMIL
3aranpHUM BUIIIA BUIPOOYBAIbHOIO CTEHAY HABEACHO HA pHC. 1; cxeMy pO3MILIEHHS NpUIaLiB
HaBEJICHO Ha puC. 2.

Mng-3

ne-2 : ﬂh?E

Puc.1 - 3aranbHuii BUIIIs BUIPOOYBAIbHOTO CTEHY Puc.2 — Cxema po3MillieHHsT IPHIIaAiB

EkcniepumeHTalbHI TOCTIKEHHSI CKJITHUX TUTMT OyJ10 BHMKOHaHO Ha Kadenapi ByaiBenbHHX
KOHCTPYKILi Ta MocTiB Ha 0a3i HaykoBo-mocmimHOi naboparopii HJ/IJI-23 HamionambHOTO
yHiBepcuTeTy «JIbBIBChKA MOMITEXHIKAY.

Byio BunpoOyBaHO CKIISIHI IJIMTH 3 Pi3HOIO KUIBKICTIO IIApiB CKJIA, a caMe. OJHO-, JBO- Ta
TPHOXINAPOBi TUTHTH. Marepian mwinT - nuctose ¢uoar-ckino Mmapku M4 [1], siamosinao no JICTY b
B.2.7-122:2009. JIBoxmiapoBi i TphOXIIAPOBi IUIMTH Oy BUTOTOBJIECHI 3a JOMOMOIOI0 TEXHOJIOTIT
TPHUILUICKCYBAHHS 3 BUKOPUCTaHHM monimMepHoi miiBku EVASAVE tosumHo0 0,38 MM.

Bci excriepiMeHTaNbHI BUIIPOOYBaHHS IPOBOIMIN [IPU CTAJIOMY TEMIIEPATyPHO-BOJIOTiCHOMY
PEeXUMy TOBITps B JIaDOpaTOPHUX YMOBAX, a came. TemIieparypa nosirps Oyna B mexax 23 + 1°C,
BimHOCHa Bojoricts craHoBwina 40 * 70%. 3pasku HomepeIHbO BUTPUMYBAIH B jabopaTopii
npotsirom 24 rtoxn [2]. JomatkoBo st 3amipy nedopMaliiii Ha TIOBEPXHi CKJISHHX IUIAT
BHKOPHCTOBYBAIN METOA IU(pPOBOI Kopersitii 306paxens KII[3 (muB. puc.2).

B pesynbrari ekcriepuMeHTy OyJ0 BH3HAYE€HO HECydy 3[aTHICTh Ta Ae(OpMaTHBHICTH
CKJISTHHX IUIMT 3 Pi3HOIO KUIBKICTIO IIAPIiB CKIIA.

1. Hula V.0O., Demchyna B.H. Methodology and results of the series p-2 glass slabs durability test. Bulletin of
Odessa State Academy of Civil Engineering and Architecture. 2022. Ne 86. P. 15-23.

2. Jlemunna B.I'., Tkau P.O. Busnauenns ¢i3suko-MexaHIYHUX BIACTHBOCTEH CKJIa Ha 3IMH 3a JIOIIOMOTOI0
JIBOIIApaMETPHYHOro posnoainy BeiiOymna. byniBenbHi koHcTpykuii. Teopist i mpaktuka: 30. Hayk. np. Kwuis,
KHVYBA, 2020. Bur.6.
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Experimental studies of glass plates with different number of layers working
in bending
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The purpose of the study was to conduct experimental investigations of the bearing capacity
and deformability of glass plates with different numbers of glass layers supported at four corners
and working in bending under the action of a concentrated load applied through a stamp. The
general view of the test bench is shown in Fig. 1; the arrangement of devices is shown in Fig. 2.

Nb-4 Mné-3

Fig.1 - General view of the test stand Fig.2 - Layout of test equipment

Experimental studies of glass slabs were carried out at the Department of Building
Constructions and Bridges on the basis of the research laboratory SRL-23 of Lviv Polytechnic
National University.

Glass slabs with different numbers of glass layers were tested, namely, one-, two-, and three-
layer slabs. The material of the plates is M4 float glass [1], in accordance with DSTU B V.2.7-
122:2009. The two- and three-layer boards were manufactured using triplexing technology with
0.38 mm thick EVASAVE polymer film.

All experimental tests were carried out under constant temperature and humidity conditions in
the laboratory, namely: the air temperature was within 23 + 1°C, relative humidity was 40 + 70%.
The samples were previously kept in the laboratory for 24 hours [2]. Additionally, the method of
digital images correlation of DIC was used to measure deformations on the surface of glass plates
(see Fig. 2).

As a result of the experiment, the bearing capacity and deformability of glass plates with
different numbers of glass layers were determined.

1. Hula V.O., Demchyna B.H. Methodology and results of the series p-2 glass slabs durability test. Bulletin of
Odessa State Academy of Civil Engineering and Architecture. 2022. Ne 86. P. 15-23.

2. Demchyna B.H., Tkach R.O. Determination of the physical and mechanical properties of glass in bending using
a two-parameter Weibull distribution. Building constructions. Theory and practice: coll. Science. Kyiv Ave.,
KNUBA, 2020. Issue 6.
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ByniBHUIITBO MOXE CIPHUSTH 3MEHIICHHIO IUIACTUKOBHX BiJXOJIB 1 MEPeXoay MO0 MOJeNi
HUPKYJIApHOi ekoHoMiku [1].HalimommperimuMu BuaamMu miactuky B oyaisaunTsi € PVC (ITIBX),
HDPE (IIBT)ra EPS(minomomictupen). BiH BHKOPHCTOBYE€TbCS Ui TaKHX MaTepianiB, sK
MPOKJIAJIKK, BIKOHHI pamu, JBepi, TpyOuW, kabeni, mijyiora Ta i3ossiis.barato mIacTUKOBHX
Matepiainis, SIKi BAKOPUCTOBYIOThCSI B OyIIBHUITBI, Jy’Ke MilHiI Ta a0oBrosiuHi. Kpim Toro, Bonu
JIOCTYTIHI, X JIETKO CTBOPIOBATH Ta JOTJISIATH 32 HUMHU. HaitOuiboo npodiaeMoro B Oy IiBHUITBI €
PO3/IiJIeHHsI, IOBTOPHE BUKOPUCTAHHSI Ta Iiepepo0Ka IIACTUKOBHUX BiaxomiB[2].

Ko mractukoBi Bixoau 3a0pyqHeHi i 3M1HIyIOTLCH 3, HAMIPUKIIAM, DKEI0, KICsIMH, nanepou,
MeTajlaMH Ta IHIIMM, IIepepoOIeHUII MaTepial Bxke MaTHMe aOCOJNIOTHO HOBI SIKOCTI, SKi
BIAPI3HATUMYThCSL 3aJCKHO BiI CHPOBHHH. Y 3BHYAlHIA TmepepoOli [e 3MillyBaHHS TaBHO
BIJIKHHYTO, OCKUIBKM BOHO HE JO3BOJISIE BIHOBUTH YHCTI MOTOKH OKPEMHX THIIIB IUIACTHKY.
BuxoanTe 3MilIaHui Marepiajd 3 MEHII IIHHUMHU sKoCTAMH. OJHAK Le He 3aBkIu Tak. Bike
ICHYIOTh aJbTEpPHATHBHI TEXHOJIOTil mepepoOku, sfKi 0OpOOIAIOTH Pi3HI TUNHU IUIACTHKY Pa3oM 3
IHIIMMHU JIOMIIIIKaMH, 1110 TPHU3BOJUTH IO CTBOPEHHS aOCOJNIOTHO HOBHMX IPOJYKTIB, SIKI MOXYTb
MAaTH LiHHI SKOCTI Ta 3aMIHUTH TPAJMLIIHI MaTepiaiu.

Ipuknagom uporo € BupobuuuTBo kommanii 2K Manufacturing(Aurmis), xe 3minranuii
IUIACTHK MepPepoOIIIoeThCs B KOMIIO3UTHI JicTH 11ij HazBoro EcoSheet[3]. Bounu kowryors Maibke
CTIIBKU JK, CKINbKU (paHepa, 1 BUKOPUCTOBYIOTbCA B 0araTboX WINAX, TaKUX SK BHTOTOBJICHHS
PEKIIaMHOro OOJaJHAHHA Ta ONAIYOKU Ui OCTOHY, aje BOHM MArOTh HM3KY IepeBar - BOHH HE
PO3KOIIIOIOTHCS, CTIHKI 10 aTMOC()EPHHX BIUIMBIB, HE 'HUIOTH, HE TIOTPEOYIOTh 3aXUCHUX TIOKPUTTIB
1 MaloTh TpuUBaIUH TepMiH ciyxOu. Ha BinMiHy BiJ (aHEepHHX IUIMT, SKi 4acTO HMOTPAILLIIOTH Ha
CMITTE3BAJIMIIE, HOBI KOMIIO3UTHI TUTUTH MEPEpOOIIAIOTECS B TOW CaMHUil MaTepiall, HaBiTh SKIIO
BOHU nodapOoBani a00 3a0HUTI IBIXaMH.

VY mpoueci BHPOOHHMILTBA BHKOPHCTOBYETHCS (OpMa KaICyJIIOBaHHSA, KOJM IOAPIOHEHI
IUIACTIBLI 3MILIAHUX IUIACTHMKOBHMX BiJXOIIB PO3NOAUISIOTHCS OKPEMHUMHM MOJIMEPHHMH ILIapaMu
OJIMH Ha OJHOTO Ta 3 €IHYIOThCS pa3oM. lle mpoiec cmikaHHs, TOOTO HAHECEHHS YaCTHHOK
MOPOLIKY LIAPOM 1 HAarpiBaHHs 1X TPOXH HIDKYE TOYKH IUIABJICHHS /UL 3’€IHAHHS 1X 3 MiIKJIaIKOK
Ta oguH 3 oxHUM. Ilicid Toro, Ik MaTepian OXOJIOHE i 3aTBep/ie, BiH HaOyBae MEXaHIYHOI MIHOCTI
3aB/SIKM CBOIM KOMITO3UTHIN CTpyKTypi. Hemae 3abpyaHeHHs, a nepepoOka IacTuky 3adesrnedye
3aMKHYTHH MK, L[ TexHOJOTIs 0OTprUMaia QiI0BI Ta €KOJOTTYHI HAarOpoau, OCKUIBKH JEMOHCTPYE
PEBOIOIIMHUN MIAXIM A0 YIpPaBIiHHS [UIACTUKOBUMH BiJXOJAaMH Ta BUPOOHHUIITBA IHHOBAI[IHUX
OyIiBeITbHUX MaTepialiB.

3pemTo0, TOMOBHA MpoOIeMa y CTBOPEHHI OyAb-KOr0 NPOLYKTY 3 IepepoOieHnx
MaTepiaiiB moyisirac B 3a0e3nedyeHHi skocTi cupoBuHH. lle BMMarae 3MiHM SIK TEXHOJOTII, Tak i
IiIX0/Ty — HACTaB Yac MOYaTH CIPUUMATH IUIACTHK SIK PECYpC, a HE K BiIXOMH.

1.Friedrich, D. (2021). From Restorative Building to Regenerative Economy: A Model-Theoretical Analysis on Bio-
based Plastics for the Construction Industry. In: Andreucci, M.B., Marvuglia, A., Baltov, M., Hansen, P. (eds)
Rethinking Sustainability Towards a Regenerative Economy. FutureCity, vol 15. Springer, Cham.
https://doi.org/10.1007/978-3-030-71819-0_16

2. Penukiipanara IUiacTMaca ce IpeBpbIIaBbBBaKEH PECype 3a
crpoutennarannxycrpus.https://industryinfo.bg/article/28242-recikliranata-plastmasa-se-prevrashta-vav-vajen-
resurs-za-stroitelnata-industriia

3. 2K Manufacturing.https://www.buildingcentre.co.uk/product_finder/company/2k-manufacturing
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Construction can contribute to the reduction of plastic waste and the transition to a circular
economy model [1].

The most common types of plastic in construction are PVC, HDPE, and EPS. It is used for
materials such as gaskets, window frames, doors, pipes, cables, flooring and insulation. Many
plastic materials used in construction are very strong and durable. In addition, they are affordable,
easy to shape and maintain. The biggest problem in construction is the separation, reuse and
recycling of plastic waste [2].

When plastic waste is contaminated and mixed with, for example, food, adhesives, paper,
metals and more, the recycled material will already have completely new qualities that will differ
depending on the raw material. In conventional recycling, this mixing has long been discarded, as it
does not allow for the recovery of clean streams of individual types of plastic. The result is a mixed
material with less valuable qualities. However, this is not always the case. There are already
alternative recycling technologies that process different types of plastic together with other
impurities, resulting in completely new products that can have valuable qualities and replace
traditional materials.

An example of this is the production of the company 2K Manufacturing (England), where
mixed plastics are processed into composite sheets called EcoSheet [3]. They cost almost as much
as plywood and are used for many purposes, such as making advertising equipment and formwork
for concrete, but they have a number of advantages - they do not split, they are resistant to
weathering, they do not rot, they do not need protective coatings and have long service life. Unlike
plywood, which often ends up in landfills, new composite boards are recycled into the same
material, even if they are painted or nailed.

The production process uses a form of encapsulation, where crushed flakes of mixed plastic
waste are distributed in individual polymer layers on top of each other and bonded together. This is
the process of sintering, that is, depositing powder particles in a layer and heating them just below
their melting point to bond them to the substrate and to each other. After the material cools and
hardens, it acquires mechanical strength due to its composite structure. There is no pollution and
plastic recycling ensures a closed cycle. The technology has won business and environmental
awards as it demonstrates a revolutionary approach to plastic waste management and the production
of innovative building materials.

After all, the main problem in creating any product from recycled materials is ensuring the
quality of the raw materials. This requires a change in both technology and approach — it's time to
start seeing plastic as a resource, not as waste.

1. Friedrich, D. (2021). FromRestorativeBuildingtoRegenerativeEconomy: A Model-Theoretical AnalysisonBio-
basedPlasticsfortheConstructionIndustry. In: Andreucci, M.B., Marvuglia, A., Baltov, M., Hansen, P. (eds)
RethinkingSustainabilityTowards a RegenerativeEconomy. FutureCity, vol 15. Springer, Cham.
https://doi.org/10.1007/978-3-030-71819-0_16

2. Penykiupanara IjiacTMaca ce HpeBpbIaBbBBAXKEH PECYPC 32 CTPOMTEIHATANH LY CTPHS.
https://industryinfo.bg/article/28242-recikliranata-plastmasa-se-prevrashta-vav-vajen-resurs-za-stroitelnata-
industriia

3. 2K Manufacturing. https://www.buildingcentre.co.uk/product_finder/company/2k-manufacturing
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BesnocepeqHpOMYy IPOBEACHHIO OYAIBEIBHUX POOIT 13 MPHCTOCYBAHHS TOTOBUX BHPOOOK IS
00'exTiB MiHicTepcTBa 0OOPOHH MEPEAYIOTh IHKEHEPHI JOCHIIDKCHHS, SIKI MAlOTh Ha METi Y TOMY
YHCI | SIK YTOYHUTH HAKPECICHHs 111010 TOTOBUX BUPOOOK i pO3MipH iX momnepedHux nepepisis, i
TaK caMo OOCTEKUTH CTaH TOTOBHUX BUPOOOK.

Merta JOCHI/KCHHS - OLIHUTH BEJIMYHHHU KOHIICHTpALii HANpPy>KeHb Y KOHKPETHUX YMOBaX
PO3pOOKH 1 CTBOPUTH NEPEIyMOBHU Ul PO3PAaXyHKY IapaMeTpiB KpiIUICHHS IPH HPHIAIITYBAHHSI
TOTOBUX ITI3EMHHUX BUPOOOK [UIs 00'eKTiB MiHiCTepcTBa 0OOPOHH.

TeopeTHYHOK OCHOBOKO 3aCTOCYBAHHS MAaTEMAaTHYHHX MPYXKHUX MOJENICH 3 MaTepiaiB s
MOJEIIIOBAHHS CTaTHYHHX CTaHIB 1 IIOBUIPHMX IIPOLECIB y TEOMEXaHIll CIYIylOTb OCHOBH
MaTeMaTUyHO! Teopii MHPYXKHOCTI, a TaKOX IIOJOKECHHA 1 TeopeMu Teopil monaibHOCTi, mIO
BH3HAYAIOTh YMOBH T'€OMETPUYHOI, KIHEMATHYHOI Ta AMHAMIYHOI TOAIOHOCTI (DI3UUHMX SIBUIL.

J1y1st BUPIIICHHS TIOCTaBJICHOTO 3aBJaHHS BUBOAATHCS TaKi KOS(Ii€HTH MOAIOHOCTI:

K e =E./ E,— xoedimient moaibrocti moaynis FOwra,;

Ky =Hu/ pnv— xoedimient noxi6rocti koediuienris [Tyaccona;
K1 = 1./, — xoedimieHT reoMeTpU4HOI TOXIOHOCTI;

Kp=  Pu/Pu — xoediuieHT cuioBoi moai6HOCTI;

Ks= &l &x— xoediuient momibHocTi nedopmariii;

Ks=6u | 6w — KoOeilieHT moaiGHOCTI HATIPYKCHB;

Ku= U,/ U,— macmtab nepemimieHs.

ne ingekc "H'" o3Hauvae Hatypy, ingekc "M" - Mmoaenb. [Tix yac MoenmoBanHs KpaioBoi 3a1a4i
macmradbu reomerpuynoi K i cuinoBoi K promiOHOCcTi MOXyTh OyTv BHOpaHi noBinbHO. Lle
BUIINBAE 3 7-TEOPEMHU: KUIbKICTh HE3AICKHUX KPUTEPiiB MOAIOHOCTI, IO CKIANEHI 3 PO3MIPHHX
snauenb (P, |, E, ¢, U), nopiBHioe pizHuIl MiX 3arajibHO0 KibKicTio (N=5) po3MipHuX BeIHduH i
kinekicTio P, |, siki MaroTs HesanexHy po3mipHicTs (N = 2).

OO0'eMHI Ta 30BHIILIHI CHJIH, IO TiIOTh Ha TIpPHHYY BHPOOKY, PO3KIJIAJETECs Ha JBi CKIIAI0Bi:
BepTUKaNIbHY | ropu3onTansHy (6iunmii posmip). IIpi 1bOMY HAmNpy>KCHHsS Ha KOHTYpi BHPOOKH
BU3HAYAIOTHCS SIK CyMa HANpPYXXEHb HPH il KOKHOTO 3 HABAHT@KEHb B TCOMETPHYHO IOiOHIH
TOUIII.

Jlns npoBeieHHsT JOCIIKeHb Opajucsl Taki TUIOBI sl NPUHHATOI CUCTEMH PO3POOKHU
pO3MipH mepepisy TipHHYnX BHPOOOK: muprHa a = 12 M, Haiibinkina BrcoTa mepepizy h = 3,5 M,
rimbuHa posramryBanHs BupoOku H = 20 M. HaBantakeHHs Mojeneld 3AiHCHIOIOTBCS 3a
JOTIOMOT OIOPi3HHIIEBOI CXEMH, 10 3a0e3I11euye CTBOPEHHS PIBHOMIPHO PO3IOIIICHOTO 32 KOHTYPOM
MozeNni HaBaHTaXCHHs.Pe3ynpTaTh KOMIT'IOTEPHOTO MOJCITIOBAHHS BEIMYMH  KOHLCHTpALHi
HaIpyXeHb JUIA PI3HUX MOIEPEYHHX IIepepi3iB TiIpHUYMX BUPOOOK HaNU XOpOIIy 30DLKHICTH 3
eKCIIEPUMEHTAIbHUMH.

1. V6aiinyiaes FO.H. TIporsosyBanHst 3MiH TeXHIYHOTO cTaHy i kuBydYocTicrenianpHux o0'exriB./ Tes pomosizeit XXVIII
MixHapoaHoi HayKoBo-TpakTHyHOi KoH(epeniii «VicroCAD-2021», 18-20 tpasus 2021 p.: U.V., Xapkis: HTY “XIII”. —
c.211.
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The construction work to adapt the finished workings for the Ministry of Defense facilities is
preceded by engineering studies aimed at, among other things, refining the drawings of the finished
workings and the dimensions of their cross sections, and inspecting the condition of the finished
workings.

The purpose of the study is to estimate the values of stress concentration under specific
conditions of development and create prerequisites for calculating the parameters of support when
installing finished underground workings for the Ministry of Defense facilities.

The theoretical basis for the use of mathematical elastic models of materials for modeling
static states and slow processes in geomechanics are the basics of mathematical elasticity theory, as
well as the provisions and theorems of the theory of similarity, which determine the conditions of
geometric, kinematic and dynamic similarity of physical phenomena.

To solve this problem, the following similarity coefficients are derived:

K e =E./ E,— coefficient of similarity of Young's modules;

K 1 =pu / pw— coefficient of similarity of Poisson coefficients;

K = l./1,— coefficient of geometric similarity;

K p=P./ P,—coefficient of force similarity;

K:= &l ex—deformation similarity coefficient;

Ks=0u/ on—stress similarity coefficient;

Ku= U,/ U,—displacement scale.

where the index "n" means nature, the index "m" means model. When modeling a boundary
value problem, the scales of geometric K; and force K, similarity can be chosen arbitrarily. This
follows from the n-theorem: the number of independent similarity criteria composed of dimensional
values (P, I, E, o, U) is equal to the difference between the total number (N = 5) of dimensional
values and the number of P, | that have independent dimension (n = 2).

The volumetric and external forces acting on the mine workings are decomposed into two
components: vertical and horizontal (lateral spreading). In this case, the stresses on the contour of
the workings are determined as the sum of the stresses under the action of each of the loads at a
geometrically similar point.

The following typical dimensions of the mine workings cross-section for the adopted mining
system were taken for the research: width a = 12 m, maximum cross-sectional height h = 3.5 m, and
depth of the workings location H = 20 m.The models are loaded using a difference scheme, which
ensures the creation of a load evenly distributed along the model contour.

The results of computer modeling of stress concentration values for different cross-sections of
mine workings showed good agreement with the experimental ones.

1. Ubaidullaev Y.N. Forecasting changes in the technical condition and survivability of special objects. / Summary
of reports of the XXVIII International Scientific and Practical Conference "VicroCAD-2021", May 18-20, 2021:
Ch.V., Kharkiv: NTU "KhPI". - P.211.
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Bepugikanisi uncioBoi Moaesi «0CHOBa — yTPUMYI0OUi KOHCTPYKIIi» Ha
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Kuiscoruil nayionaneruii yrieepcumem 0yoisnuymea i apximexmypu (m. Kuie)

Mera nociikeHHS — 1IeHTH(IKallisg TapaMeTpiB OCHOBHU UL PO3PAXYHKY OTOPOJKCHHS
KOTJIOBaHy 3 ypaxyBaHHSAM CTaJ(iiHOCTI 3BE/ICHHsI, Ha OCHOBI peanbHuX AedopManii miamipHux
CTIH.

JlocmimKeHHsT BUKOHAHO 0a3yIO4MCh Ha JAHUX I'EOJE3MYHOTO MOHITOPUHTY IIpH OyIiBHULTBI
0araTornoBepxXoBOro CEKIIHHOI0 JKUTIOBOIO KOMIUIEKCY 3 MiJ3€MHUM IMapKiHroM. 3a IPOEKTOM
nepen0dadeHo BUKOHAHHS OTOPOUKCHHS KOTIOBAaHY LIIIXOM KOMOiHAmil yKOciB GOpTiB KOTJIOBaHY
mig kyrom 35° ta OypoHaOWBHMX 3a51i300eTOHHHMX Hajib giamerpoM 820 MM 3 kpokoMm 1,22m Ta
noBkuHORO 15,6-17,6M. Timpoisomsimisi KOTIOBaHy 3a0e3leucHa BIAIMITYBaHHAM jet-manp B
MPOMIDKKY MiX 3aTi300€TOHHUMHU TAISIMH 10 BimmiTku postamryBauus Bomoymopy (ITE-13). 3a
JAHUMHU  1H)KCHEPHO-TCOJIOTIYHUX BHUIIYKYBaHb TeOJIOTiYHa OyZoBa JUISHKMA OyaiBHUIITBA
CKJIAZIA€ThCs 3 HALIAPYBAHb MICKIB, CYNICKIB, IJIMH Pi3HOI KOHCHCTEHIIIT.

i DakTopi, mo Ha pesyTbTaTil
S — paxymKosi | Pisms pospas.
LENEOOR XK "P | urepdeic. | Fizporeonoria nedopyanii Uy,|  aeopy. 10
POIPAXYHKY Tum pospaxyHKy =
R Hi yvoBn M MoRiTOpHHTY. %
: 06..0.7 GF Plastic -302,2 88%
2 0.6...0.7 GF Cous. -304.2 88%
3 06..0.7 Ph Plastic -436.2 126%
4 06...0.7 Ph Cous. -464.2 135%
5 .7...0.8 GF Plastic -264.4 77%
6 .7...0.8 GF Cous. -266.7 77%
7 7,08 Ph Plastic 3617 105%
8 7 Ph Cons. -395.0 114%
9 GF Plastic 243.6 71%
10 GE Cons 2465 71%
11 X A Ph Plastic -3248 94%
L L [ 5 1 TN~ 12 0.8...0.9 Ph Cons. -330,6 96%
Puc.1- Po3paxyHkoBa cxema nepepisy 1-1 Puc.2- Pe3ynbTaTi BAKOHAaHUX PO3PAXyHKIB

OCHOBHHUI aKLEHT POOOTH MOJATAE y BH3HAUCHHI BIUIMBY TakHX (HaKTOpIB AK. BEIMYHHA
koedimienty 3umKeHHs: MIiHOCTI Rinter={0,6...0,9} Ha MexXi KOHTaKTy KOHCTPYKIii OrOPOKEHHS
ta rpyHry [1]; ciocoGy 3agaHHsI TiporeoaoriYHMX yMOB Ta BU3HAYEHHs (QUIBTPAI[iiHUX CHII, L0
JiI0Th MiJ 4ac po3poOKM KOTIOBaHY; BpaxyBaHHs Mpolecy KoHcoxdizawii rpyHty [2]. IarepBanu
4acy ISl pO3paxyHKy 3 BpaxyBaHHIM IPOIECY KOHCOMIJalii TPyHTY MPUHHSTO Y BIAMOBIIHOCTI 10
peanbHOTO TpadiKy 3BeJCHHS KOHCTPYKIIiit.

PesynbraTi 4MCIOBHX pO3paxyHKIB BHKOHAHUX TIPU Bapialii JOCIIKYBaHUX (aKTOPIiB
MOPIBHSHO 3 JIAHUMH CIIOCTEPEkKEHb, Ul SKUX TOPU3OHTAIbHI Jedopmariii BepXHbOI YaCTHHM
MIAMIPHOI CTIHM B XapakTepHoMy mepepi3i 1-1, miciast OCTaHHBOTrO eTamy PO3KONKH KOTJIOBAaHY
CTaHOBJIATH 345,02MM.

Sk BUAHO 3 Tabuumi, 3MiHA MEPIIUX JBOX AOCIIIKYBaHHX (DAKTOPIB y MEKax, XapaKTEPHHUX
Uit OyniBeIbHOI NPAKTHKW, MPU3BOJAMTH JIO 3HAYHOI 3MIHM TOPH30HTAIBHUX JAedopmariiii
mignipuoi crinu (Bix 6% no 64%), BoogHOYAC BpaxyBaHHs KOHCOJIAAMLIl IPYHTY CYIPOBOMIKYETHCS
npupoctoM aepopmamiii g0 11%. Ile mosiCHIOETbCS THM, HIO TPH PO3pOOII KOTIOBAaHY
BiZOyBA€ThCS PO3BAHTAXKCHHS IPYHTY, a KOHCOJINAIIS INIMHUCTHAX IPYHTIB BiIOYBa€ThCsI BHACIIIOK
3MIHH TiZIpOT€0JIOTIYHUX yMOB. TakuM YMHOM, OTPMMAHO, IO BpaxXyBaHHsS aHUX (aKToOpiB Mae
CyTTEBE 3HAYEHHS TIPU PO3paxyHKax AedopMaliif oropomkeHHs KOTIOBaHiB.

1. Potyondy J G 1987 Skin friction between various soils and construction materials Géotechnique 37 339-53.

2.GouwDr, Tjie-Liong. (2014). Common Mistakes on the Application of Plaxis 2D in Analyzing Excavation
Problems.9. 8291-8311.
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The purpose of the research is to identify the parameters of the base for the calculation of the
excavation enclosure, taking into account the stages of construction, based on the realde formations
of the retaining walls.

The research was carried out based on the data of geodetic monitoring data during the
construction of a multi-storey sectional residential complex with an underground parking.
According to the design, the enclosure of the excavation was planned to be carried out by a
combination of sloping the excavation sides at anangle of 35° and bored reinforced concrete piles
with a diameter of 820 mm spacedat 1.22 m intervalsand a length of 15.6-17.6 m. The water
proofing of the excavation pit is provided by the installation of jet grouting columns between the
reinforced concrete piles up to the level of the water barrier (IGE-13). According to the results of
engineering geological surveys, the geological structure of the construction site consists of layers of
sands, loams of different consistency.

Factors influencing the result Calculated | The difference in
Calculation 3 S
_Ne H ymiher Interface. Water CalfalitouyEE deformations | cale. deform. to
Rinter conditions s U, mm monitoring, %
1 06...0.7 GF Plastic -302.2 88%
2 0.6..0.7 GF Cons. 88%
3 06...0.7 Ph Plastic -436.2 126%
4 .6. 7: Ph Couns. -464.2 135%
5 .7...0.8 S Plastic -264.4 77%
6 .7...0.8 F Cons. -266.7 77%
7 7. 8 Ph Plastic -361,7 105%
8 0.7..0.8 Pl Cons. -395.0 114%
9 08...0.9 GF Plastic -243.6 71%
10 08..09 GF Cons. -246.5 71%
11 08...0.9 Ph Plastic -3248 94%
12 08..09 Ph Cous. -330,6 96%
Fig.1 - Calculationschemeofthesection 1-1 Fig.2 - Theresultsoftheperformedcalculations

The main focus of the work is to determine the impact of such factors as: the value of the
strength reduction coefficient Rinter ={0.6...0.9} at the contact boundary of the enclosure structure
and the soil [1]; the method of setting hydrogeological conditions and determining filtration forces
during excavation; taking into account the soil consolidation process [2]. Time intervals for
calculations, taking into account the soil consolidation process, were chosen according to the real
schedule of construction works.

The results of the numerical calculations performed with variations of the studied factors
were compared with the observation data, where the horizontal deformations of the upper part of
the retaining wall at the characteristic cross-section 1-1, after the last stage of excavation of the
foundation pit, amounted to 345.02mm.

As can be seen from the table, the variation of the first two researched factors within the
limits typical for construction practice leads to a significant change in the horizontal deformations
of the retaining wall (from 6% to 64%), while taking into account soil consolidation is accompanied
by an increase in deformations up to 11%.This is explained by the fact that during excavation, the
soil is unloaded, and the consolidation of clay soils occurs as a result of changes in hydrogeological
conditions. Thus, it is concluded that taking into account these factors has a significant value in
calculating the deformations of foundation pitretaining structures

1.Potyondy J G 1987 Skinfriction between variouss oils and construction materials Géotechnique 37 339-53.
2. GouwDr, Tjie-Liong. (2014). Common Mistakes on the Application of Plaxis 2D
inAnalyzingExcavationProblems. 9. 8291-8311..
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VYrpaBui 2022 poky 30poiiHMMH (OpPMYBaHHSMH pOCiiichKoi (enepauii Oyno 3xilicHeHO
pakeTHUH ymap HO CKIAACBKMM Ta aIMIHICTPATUBHUM IPHUMIIICHHAM, IO PO3TAlIOBaHI Ha
teputopii TOB «EBporepminan» y m.Oneca.Eninentp BuOyxy OyB B 6e3mocepe/iHiil 0JIM3bKOCTI 10
Oynisni (1o 10M Bijg 30BHIIIHBOI CTIHM) B paiOHI ILieHTpaibHOI YacTHHH OyaiBai. B pesymbrati
BUOYXy Oyianm mnomkomkeHHMH 10 50% Hecydnx KOHCTPYKWiH aaMiHicTpaTHBHOI OyxiBii
(KOHCTpYKTHBHE pillicHHs Oy IiBJi — MOHOJIITHHIT KapKac).

[Micas BuOyxy OymiBis 3HaXONWIMCS B aBapiiiHOMY CTaHi, icHyBaia 3arposa ii oOBaJeHHS.
ITicnst raciHHs MOXKEXKi, IO BUHMKJIA Micis BUOyXy, OyiM NMpOBEJCHI HEBIIKIAaIHI poOOTH, 1100
MONEPeUTH OOBATCHHS MOIIKOMKEHUX €JIEMEHTIB 1 3HM3UTU Hebesnmeky Mt orouyroduX.llpm
IIPOBEJICHHI HEBIAKIAJIHUX MPOTHABapiifHUX POOIT YaCTHHA INOIIKOPKCHHX HECYYMX KOHCTPYKIIH
Oyna ozpazy neMOHTOBaHA./IeMOHTOBaHUMHU OyJM YacTHHA KOJIOH,0aJIOK Ta CXOJOBHX KIITOK1-ro
Ta 2-ro HoBepxXy. YacTKOBO NEMOHTOBAHMMH Oy/IH IUIMTH NEPEKPUTTS Ta HOKpUTTs.IloBHIiCcTIO
3pyHHOBaHMMH OyJIH CXOJOBI KIITHHH 31 CTOPOHH Miclsl BHOYXY.OropoKyBalbHIKOHCTPYKIIT Ta
MOKPUTTS HaJ 3-M NOBEPXOMOYIIM TOBHICTIO BiACYTHIMH.YacTHHA 30BHIIIHIX CTiH Ta MEPEropoiok
Oyuia 30epekeHa.

IIpu oOcTexxeHHI JJsl OLIHKM TEXHIYHOTO CTaHy (YHJaMEHTHOI IUIMTH Oy/iM BUKOHAHI
mrypdu. Ilpu BisyansHOMY ormsai B Micuax mrypdis, crad ii OyB 3amoBinpHuil. Ha Hecyuux Ta
OTOPOKYBAIBHUX KOHCTPYKINSX, IO BLUTIIM, Oy 3adikcoBaHi AeEKTH Ta MOIIKOKCHHS.
@iznuHuil 3HOC OKpeMux eneMeHTiB (o 3ammmmmucs) csraB o 80%. 3a pesyibraTtamu
oOCTeXKEHHS 3araibHUK (i3MUHMII 3HOC BLUIUIMX elIeMEHTIBCTaHOBUB45%.Y paMkax poOir 3
oOcTeskeHHsT OyJiM HaJaHI peKOMEHJAIl Ta HaJaHI TeXHIYHI pIlICHHS3 MiJACUICHHS, 3aMIHH Ta
BiJJHOBJICHHSI [IOIIKO/DKEHHUX €JIEMEHTIB Oy IiBJII.

Tako 3riiHO 13 3aBJAHHSAM 3aMOBHHKA OyJIM 3MOJEIbOBaHIIBA BapiaHTHBITHOBICHHSI
OyniBni i3 HaAOYJ0BOIO JIBOX MOBHOIIHHUX IOBEPXIB HaJ iCHYyI0OYMMH JBoma. [lepuimii Bapiant —
ycli Hecydi KOHCTPYKIIi MOJETIOIOTECS 3 MOHOJITHOTO 3ai300eToHy. Jpyruii BapiaHT — HOBEpXH,
O HaAOYNOBYIOTECS MOJEIIOIOTBCS MOJETHICHUMH — 3 METaleBHX KOHCTpyKiii. IlepeBipHi
PO3paxyHKH IOKa3ald MOLUIBHICTBIPOCKTYBAHHS HOBHXIIOBEPXIB IIOJNETHICHOTO THIY — i3
BUKOPHMCTAHHAM METAICBOTO KapKacy.

Ha nanuit yac BesyThCst IEpEMOBHHHM 13 3aMOBHUKOM PO PO3pPOOKY MPOEKTHOT JTOKYMEHTALT
100 IIPOBEJICHHS POOIT MO BiTHOBIICHHIO T PEKOHCTPYKIT Oy IiBIIi.

1. ICTY-H b B.1.2-18:2016 «HacraHoBa 1010 0OCTeXEHHsI Oy/IiBeib i CIOPYA Ul BH3HAYCHHS Ta OLIHKH iX
TEXHIYHOTO CTaHy».

2. JbH B.1.2-14-2018. 3aransHi npuHUMNN 3a0e3MedeHHs HAAIHOCTI Ta KOHCTPYKTHBHOI Oe3meku OyaiBens,
cropy, OyaiBelnbHUX KOHCTPYKILiil Ta ocHOB. -KuiB. Minperion6yn Ykpaiuu. -2009.

3. Haka3 MiHictepcTBa po3BUTKY Ipomaj Ta TepuTopiil Ykpainn 28.04.2022 poky Ne65 «Mertoauka 00CTeKEHHsI
OyaiBelb i CIIopy/1, NOIIKOKEHUX BHACIIIOK HAJI3BUYAWHUX CUTYalliil, GOHOBHX /iif Ta TEPOPUCTHYHUX AKTIBY.
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In May 2022, Russian armed forces carried out a missile strike on the storage and
administrative buildings located on the territory of LLC "Euroterminal” in the city of Odesa. The
epicenter of the explosion was in close proximity to the building (up to 10 m from the external
wall) in the central part of the building. The explosion created a crater up to 8 meters in diameter
and up to 4 meters deep. Significant damage was also inflicted on the buildings located in close
proximity. As a result of the explosion, up to 50% of the load-bearing structures of the
administrative building were damaged (the structural design of it is a monolithic frame), the
building was in a state of emergency, and there was a risk of collapse.

After extinguishing the fire that broke out after the explosion, urgent work was carried out
to prevent the collapse of the damaged elements and reduce the danger to those around. During
the urgent emergency work, part of the damaged load-bearing structures were immediately
dismantled. Dismantled were part of the columns, beams, and stairwells on the 1st and 2nd
floors. The floor slabs and roofing were partially dismantled. The stairwells on the side of the
explosion were completely destroyed. The enclosing structures and the covering above the 3rd
floor were completely absent.A portion of the exterior walls was preserved. Some of the internal
partitions on the 1st and 2nd floors were also preserved, as was a portion of the parapet fencing
on the roof and the brick walls of the staircases on the southwest facade.

During the inspection to assess the condition of the foundation plate, excavations were
carried out. Upon visual examination, its condition was satisfactory. Defects and damage were
identified on the surviving load-bearing and fencing structures. The physical condition of some
of the remaining elements reached 80%.

As a result of the inspection, the overall physical condition of the surviving elements was
45%. As part of the inspection work, recommendations and technical solutions were provided for
strengthening, replacing, and restoring damaged building elements.Also, in accordance with the
customer's task, two options were modeled for restoring the building with the construction of two
full-fledged floors above the existing two. The first option is to model all load-bearing structures
from monolithic reinforced concrete. The second option is to model the additional floors with
lightweight metal structures.

Currently, negotiations are underway with the customer regarding the development of
project documentation for the restoration and reconstruction of a building.

1. DSTU-N B V.1.2-18:2016 "Guidelines for inspection of buildings and structures for determination and
assessment of their technical condition™.

2. DBN V.1.2-14-2018. General principles of ensuring reliability and structural safety of buildings, structures,
building structures and foundations. -Kyiv. Ministry of Regional Development of Ukraine. -2009.

3. Order of the Ministry of Development of Communities and Territories of Ukraine dated April 28, 2022 No. 65
"Methodology for inspection of buildings and structures damaged by emergencies, military actions and
terrorist acts".
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B mmcronani 2022 poky Ha mmmanbTax 6araTbOX BHJAHb IMOBIIOMIIUINCH HOBHHH, IO Yy
3BimbHeHIl Bopomsnmi KwuiBcpkoi o0macti Ha cCTiHI 3pylHOBaHOI OymiBmi 3’SBHIOCS Tpaditi.
ABTOpPCTBO pOBIT 0/1pa3y KOPECIOH/YBAIN JI0 3HAMEHHUTOrO aHIErPayHIHOro XyAoKHHKa Banksy,
sKe BIH YacTKOBO MiATBEpAMB, IyOJIKyro4M dYacTHHY CBITJIMH B cBoemy Instagram. PobGortu
XyJOXKHHKA, SKHI Npalfo€ IIEPEBXXHO B CTWII INAOIOHHOTO TpadiTi, BBaXKAIOTHCS BUTBOPAMHU
MUCTELTBA i OIIHIOIOTECS Jyke Joporo. Komm B esikux Mictax BHPILIYROTH 1X 3adapOyBaty, 1ie
BHKJINKAe OOypeHHS Ta 3BHHYBadeHHs MIChKOI BIaiM y BaHAalmi3Mi. YKpaiHChKa BrIaja, SK
LEHTpaJIbHA, Tak 1 MIiCIEB], OJIHO3HAYHO B3sUIM Kypc Ha 30epexeHHs rpadirti. Ha cboroami Bizomo
OPIEHTOBHO IPO ciM poOOIT, OJHA 3 SIKMX € HAHOUIbLI 1JeHHO 3HAUYIIOK I YKpaiHLIB —
«JI3romoicti» (puc. 1), crBopeHa Ha CTiHi 3pyHHOBaHOI KOTENBHOI JUTsHOro cagouka «bypariHo»
(Bya1. Lentpansna, 427).

IpyHTOBa OCHOBa TBOpY MpelCTaBisie o000 (GapOyBaibHy (BamHsiHy) Cymimn st
BHKOPHCTAHHSI Y BHYTPIIIHIX IPUMIIIEHHsX (CTiHa — BHYTpILIHsL), il (hi3MKO-XiMIUHI BIACTHBOCTI He
BIAMOBIJAIOTh BUMOTaM HOPMAaJbHOI eKCIUlyaralii B KJIIMaTHYHUX YMOBaxX YKpaiHW SIK JUIs
30BHILIHIX KOHCTPYKIii. TOMy 3 MOYaTKOM 3MMOBOTO EPiO/Iy MUTAHHS 30EpEeKEHHS Mypally CTalo
Jyxe TocTpo. JIIs yHUKHEHHs! HPSIMOTO 3BOJIOXKEHHsI KOHCTPYKIIiH LErNIstHOi CTiHM Ta BarHSHOI
ocHoBH rpaditi Oy0 3BeIeHO METalIeBHii KapKac Uit Haicy 3 npodiasoBaHoro metaity (puc. 2), a
3roZIOM 3 METOIO MiHIMi3allii BIUIMBY BOJIOTOCTI HOBITPS Ta 3a0€3MCYCHHS YMOB aHTHBAHIAIBHOL
OXOPOHH BCTaHOBIICHO MPO30PY JIATEKCHY Ooropoxy (puc. 3), sika He MEpelIKOKAE AeMOHCTpALIil

Puc. 1. I'padiTi Ha crini 3pyiiHoBanoi Puc. 2. 3axucuumit HaBic Puc. 3. 3axucHa anbraHka
KoTenbHOi B M. bopoasiHka cramom cranom Ha 14.02.2023. (@omo cranom Ha 23.02.2023. (Pomo
na 11.11.2022. (®@omo Ed Ram) Konsxosoi B.M.) Oleksandr Savytsky)

3 HaCTaHHSM BECHSHO-JITHBOIO IEPiONy TaKOX CIIJ OUIKyBaTH PIi3KHX HETaTHBHUX
HACJIIJIKIB, TIOB’SI3aHUX 3 arpeCHBHUMHM PSICHUMH OIaJaM{ y BUIVISIL OB, HMOBIPHO Pi3KOTO
MIJIBUILCHHS TEMIIEPAaTypHy HOBITPsI Ta BUCOKOTO PiBHs Y @-BunpominioBanHs. Cii 3ayBaXkuTH,
[0 B JAQHOMY BHIIAQJIKy BiJMOBHJIHCH BiJl TEXHOJIOTIH 30EepEXCHHS 3aXMCHHUM CKPAaHOM, SIK Ie
BHUKOHAHO ISl ACSKUX IHIIMX TBOPIB MUTLS, OCKUIBKM 1O PYHHYBAaHHsS CXMJIbHA BCSl 4aCTHHA
KOHCTPYKIIiI CTiHH, a TOMY BUMarae KOMIUICKCHOT koHcepBartii [2]. TIpoTe BUKOHAHI 3aX0/H HE €
JOCTaTHIMH Ta OCTaTOYHMMHU. J[Isi TOBHOLIHHOTO (YHKIIOHYBaHHS Mypaiy, sSK 00’ €Kkta
TyPUCTUYHOT MPUHAIN MicTa, MOTPiOHE (OPMYBaHHS MPOCTOPY HABKOJIO B €JMHOMY iCHHOMY
3agyMi. A me wac i xomtu. Tomy BKe 3apa3 HOTpIOHO NPUHHATH 3aXOAM IS SKICHOTO
30epekeHHs apT-00’€KTa, SIKMH € LIEHTPAJIbHUM 1IefIHUM €KCIIOHATOM MalOyTHBOT JIOKAIii.

1. Inaxosa I'.B., Tonxadees .M. Ta imm. Texuomoris BigHOBIeHHS Kam'sHOI Kianku. [IUmsixu migBuIneHHs: eeKTUBHOCTI
OyniBHMLTBA B yMOBaX (JOPMyBaHHs PUHKOBHX BiTHOCHH: 30. Hayk. npaiib. Kuis, KHYBA, 2020. Bum. 43.

2. llmakosa T'. B., Kyprys IO.B. Texwomnoris inHoBauiliHoro saxmcry koHcTpykuiit. International Scientific-Practical
Conference of young scientists «Build-Master-Class-2020». Kyiv, Ukraine, 2020.

101



The evolution of structural preservation technologies on the example of
Banksy's work in the Kyiv region

Anna Shpakova, Doctor (Econ.), Professor of the Department of Building Technologies,
http://orcid.org/0000-0003-2124-0815

Andrey Shpakov Doctor (Econ.), Associate Professor, Department of Management in
Construction, http://orcid.org/0000-0002-7498-4271

Kyiv National University of Civil Engineering and Architecture (Kyiv)

In November 2022, many publications reported that in the liberated Borodyanka, Kyiv
region, graffiti appeared on the wall of a destroyed building. The authorship of the works was
immediately attributed to the famous underground artist Banksy, which he partially confirmed by
posting some of the photos on his Instagram. The works of an artist who works primarily in the
style of patterned graffiti are considered works of art and are highly valued. When in some cities
they decide to paint them over, this causes indignation and accusations of city authorities of
vandalism. The Ukrainian authorities, both central and local, have unequivocally set a course for
the preservation of graffiti. Today, approximately seven works are known, one of which is the
most ideologically significant for Ukrainians — "Judoists" (Fig. 1), created on the wall of the
destroyed boiler room of the kindergarten “Pinocchio” (Tsentralnaya street, 427).

The ground base of the work is a paint (lime) mixture for use in interior spaces (wall -
internal), its physical and chemical properties do not meet the requirements of normal operation
in the climatic conditions of Ukraine as for external structures. Therefore, with the beginning of
the winter period, the issue of preserving the mural became very acute. In order to avoid direct
wetting of the structures of the brick wall and the graffiti limestone base, a metal frame was
erected for a canopy made of profiled metal (Fig. 2), and subsequently, in order to minimize the
effect of air humidity and ensure anti-vandal protection conditions, a transparent latex fence was
instal!gq (Fig. 3), which does not prevent the demonstration of the work [1].

Fig. 1. Graffiti on the wall of the Fig. 2. Protective canopy as of Fig. 3. Protective gazebo on
destroyed boiler house in Borodianka 14.02.2023. (Photo by 02.23.2023. (Photo by Oleksandr
as of 11.11.2022. (Photo by Ed Ram) V. Kolyakova) Savytsky)

With the onset of the spring-summer period, one should expect sharp negative
consequences associated with abundant aggressive precipitation in the form of rains, a sharp
increase in air temperature and a high level of UV radiation are likely. It should be noted that in
this case, the technologies of preserving the protective screen were abandoned, as was done for
other works of the artist, since the entire remaining part of the wall is subject to destruction, and
therefore complex conservation is required [2]. However, the measures taken are not sufficient
and not final. For the full functioning of the mural as an object of tourist attraction of the city, it
is necessary to form the space around in a single ideological concept. And that's time and money.
Therefore, now it is necessary to take measures for the qualitative preservation of the art object,
which is the central ideological exhibit of the future location.

1. Shpakova H.V., Tonkacheiev H.M. ta insh. Tekhnolohiia vidnovlennia kamianoi kladky. Shliakhy pidvyshchennia efektyvnosti
budivnytstva v umovakh formuvannia rynkovykh vidnosyn: zb. nauk. prats. Kyiv, KNUBA, 2020. Vyp. 43.

2. Shpakova H. V., Kurhuz Yu.V. Tekhnolohiia innovatsiinoho zakhystu konstruktsii. International Scientific-Practical
Conference of young scientists «Build-Master-Class-2020». Kyiv, Ukraine, 2020.
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Ilixg vyac mBHAKOrO PO3BHUTKY TexHOJOTIH 3D-mpyKy, DOCHIKEHHS Ta BIOCKOHAJICHHS
MaTepianiB Ta O0ONAJHAHHA HEJOCTaTHBO yBarm OyiIO MPHIIICHO eJNeMEHTaM ITOCHICHHS
OCTOHHHMX KOHCTPYKIIi.3alIpOIOHOBAHI  CTpaTerii apMyBaHHA IIOBUHHI MaTH MOXUIUBICTBH
3a0€3MeYNTH JOCTaTHIO KUIBKICTH apMyBaHHS [UIi BHKOHAHHS BCiX BHMOT CTPYKTYpHOL
LTICHOCTI, TIOB'SI3aHUX 3 HECYUOIO 3/IaTHICTIO, @ TAKOXK IMOBEIIHKOIO TIPH eKCILTyaTallii.

VYxmagaHHA apMaTypHHUX CTPIDKHIB € HAWIONIMPEHIIINM  CIIOCOOOM — apMyBaHHS
CKCTPYZOBaHNX KOHCTPYKIIH, BOHUMOXYTh OYTH JOJaHi K IiJ 4ac, TaK i Mcis Ipowecy IpyKy
abo 30BHI a00 BcepeAMHI HAAPYKOBAHOTO eJeMeHTa.Takok MOXKIMBO BHKOPUCTaHHS
HOTIEPEIHBO HAIPY>KEHHX CTEPIKHIB.

Hactynnuit migxix g0 apMyBaHHS €KCTPYJOBAaHMX KOHCTPYKLIH — J0JaBaHHS
($i6poBOIOKOH B OeTOH. Aje 0OMEXEHI TeXHIYHUMH OCOOIMBOCTAMHU JPYKYIOUOro O0OJIagHAHHS
PO3MIpH BOJIOKOH, X PO30CEPEIPKCHICTh Ta PO3OPIEHTOBAHICTH Y MATPHIl BHOCHUTBH BEIHKY
HEBM3HAUEHICTh Ha eTall MPOEKTyBaHHS Ta PO3PaXyHKIB KOHCTPYKLIH./[i1s BupimeHHs
HaBEJICHUX OOMEXKEHb ICHY€ MiAXiZ JO apMyBaHHS, IPH SKOMY BOJIOKHA MOKHA PO3MIIIyBaTH
OKpeMo Bij1 OeToHy. Binpa3y micisi KO)KHOro OETOHHOTO mapy poOoT-yKiiaiad J10/1a€ BOJIOKHA B
noTpiOHil opieHTauii Ta B MOTPiOHIM KiNPKOCTI HOBEPX ICHYIOYOrO IIApy, MIiC/IA YOrO BOHHU
TIOKPUBAIOTECST HACTYMHHUM HIapoMm OeroHy.llelf mpomec m03BoJIsle BHpPIBHIOBAaTH BOJOKHA B
HANpPSMKY PO3TATYIOUMXHAIPYT, 110 BHHUKAIOTH, i PEryJIIOBaTH J03yBaHHs BOJOKHA BiJMOBIIHO
JI0 CTPYKTypHHX BuMOr[1].

Puc.1 Cxema  apMmyBaHHS  KOHCTpyKuii Puc.2 Cxema apMyBaHHS KOHCTPYKLiH 3
(hiOpoBOIOKHAMH DM OKPEMOMY  yKJIAJ@aHHI BHKOPHCTaHHSM TOHKOI'O apMYIOYOTrO JPOTY
¢ibpu Ta 6eToHy

Haii6inplumii noTeHmian Mae Mmiaxix K0 apMyBaHHS OPYKOBaHUX KOHCTPYKLIH y sSKOMY
Bif0yBa€ThCs 0AABAHHS TOHKOTO apMyIOYOro Tpoca Iiji 4ac APYKy, SIKUil Jerko 3rHHAEThCS Ta
aanTyeThesl MPAKTHYHO 1O Oynb-skoi TpaekTopil Apyky. JOCHiIKEHHS 3 BUKOPHCTAHHSIM
BHCOKOMIIIHOTO ~ TJIQJKOTO  CTaJeBOr0 JpOTy a0 IMIPErHOBAaHMX BYIVICLEBUX HHUTOK
JIEMOHCTPYIOTH 6araToo0iIsII0ui CTPYKTYPHI BIACTHBOCTI y HANMPSIMKY ApyKy[2].

TakuM YHMHOM, BaXJIMBO PO3BHBATH HOBI METOJM apMyBaHHS Ta ONTHMI3yBaTH BiKE
ICHYIOU1 JIUIs IiIBUILICHHS SIKOCTI Ta O€3MeKN KOHCTPYKIIN Ta JUISl TIOKPAILEHHS POy KTUBHOCTI
texHouorii 3D npyky B miiomy.

1. Ahmed ZY, Bos FP, van Brunschot MCAJ, Salet TAM. On-demand additive manufacturing of functionally
graded concrete. Virtual PhysPrototyp 2020;15: 194-210. https://doi.org/10.1080/17452759.2019.1709009.
2. Mechtcherine V, Michel A, Liebscher M, Schmeier T. Extrusion-based additive manufacturing with carbon

reinforced concrete: concept and feasibility study. Materials 2020;13:2568.
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During the rapid development of 3D printing technologies, research and improvement of
materials and equipment, not enough attention was paid to the strengthening elements of
concrete structures. Proposed reinforcement strategies should be able to provide sufficient
reinforcement to meet all structural integrity requirements related to load-bearing capacity as
well as in-service behavior.

Stacking reinforcing bars is the most common method of reinforcing extruded structures,
they can be added either during or after the printing process, either outside or inside the printed
element. It is also possible to use prestressed rods.

The next approach to reinforcing extruded structures is the addition of fiberglass to
concrete. But the size of the fibers, limited by the technical features of the printing equipment,
their dispersion and disorientation in the matrix cause uncertainty at the stage of designing and
calculating structures. To address these limitations, there is an approach to reinforcement where
the fibers can be placed separately from the concrete. Immediately after each concrete layer, the
robot layer adds fibers in the right orientation and in the right amount on top of the existing
layer, after which they are covered with the next layer of concrete. This process allows the fibers
to be aligned in the direction of the resulting tensile stresses and to adjust the fiber dosage
according to structural requirements [1].

Fig. 1 Reinforcement of the structure with Fig. 2 Reinforcement of structures with thin
fiberglass with separate laying of fiber and reinforcing wire
concrete

The most potential is an approach to reinforcing printed structures with a thin reinforcing
cable added during printing, which is easily bent and adapted to almost any printing trajectory.
Studies using high strength smooth steel wire or impregnated carbon filaments show promising
structural properties in printing [2].

Thus, it is important to develop new reinforcement methods and optimize existing ones to
improve the quality and safety of structures and to improve the performance of 3D printing
technology as a whole.

1. Ahmed ZY, Bos FP, van Brunschot MCAJ, Salet TAM. On-demand additive manufacturing of functionally
graded concrete. Virtual PhysPrototyp 2020;15: 194-210. https://doi.org/10.1080/17452759.2019.1709009.
2. Mechtcherine V, Michel A, Liebscher M, Schmeier T. Extrusion-based additive manufacturing with carbon

reinforced concrete: concept and feasibility study. Materials 2020;13:2568.
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VY 3B’A3Ky 3 NOBHOMAacIITaOHUM BTOPTHEHHAM pocii B VYkpaiHy, npu OyIiBHHLTBI
JKUTIOBUX Oy/iBeNb, MOCTANO IMHUTAHHS BIPOBA/PKEHHS BHYTPINIHBO-KBAPTUPHUX YKPHUTTIB.
JlaHa mpakTHKa BiKe BUKOPUCTOBYeThes y cBiTi. Hanpukian, Jlepxasa I3pains y npomy nuranHi
€ JigepoM. B ocraHHI pPOKM NpU NPOEKTYBaHHI Ta B IONAJbLIOMY OYNIBHHULTBI, BOHH
BPaxoOBYIOTb PO3MIillleHHsI B OyaiBil KIMHAT-YKpPUTTiB, OOOB’S3KOBa YMOBA, Taki KiMHATH
MPOEKTYIOTh €IMHUM CTOSIKOM BiJ GpyHmamenty (puc.l).

Puc.1 Po3ranryBaHHsl yKPUTTS [0 €AMHOMY CTOSIKY Puc.2 3axucHi ctaneBi BIKOHHUL

[TpyyuHK 171 CTBOPEHHS KIMHAT-YKPHUTTS. KOPOTKHE 4Yac MPHIBOTY pPaKeT; MCIIKaHHS
LUUBUIBHUX HENOAANIK HeOe3MeuHHX 30H; JJsi MELIKAHI[IB BEPXHIX IOBEpXiB, 4epe3 BEIHKY
BIZICTAHb 0 IIJI3€MHOIO YKPHUTTs. Taki YKpUTTS 3BOIATH 3 IiJCHICHHAM OCTOHHHX CTiH,
CTalleBUX BIKOH, OpPOHBOBAHHMX CTAJCBUX JIBEpEl Ta OKPEMUX BEHTHJIAIIMHUX KaHAIiB. Y
MHPHHUH Yac HOro BUKOPHCTOBYIOTb, SIK 3BHYAIHY KIMHATY.

B cBITOBIH IIpaKTHII BUKOPUCTAHHS KBAPTHPHUX YKPUTTIB ICHY€ 2 THIIH:

- KiMHAaTa, sIKa 3axuIac Bij HeOe3nek xo4ya O OJHICIO IMiJICHIIEHOK CTIHOK Ta Ma€ BIKHO,
1[0 3aKPHBAETHCS CTAJIEBOIO 3CYBHOIO BIKOHHHIEIO (pHC. 2);

- KIMHaTa 3HaXOJUThCS B CEPE/IMHI KBAPTHPH Ta 3aXHILEHA JBOMA CTIHAMH 3 yCiX OOKIB.

3a BuMoramu iHO3eMHHX HOPM [3], KIMHATH-YKPUTTS TOBHHHI Oy TH: IUIOMICIO — HE MEHIIIE
9m?2, BHCOTOIO — 2,5M, ToBIMHA cTiH — 0,25-0,3M, BikHa PO3TAIIOBYIOTH BiJI MiJJIOTW HA BHUCOTI
1,5m.

B VkpaiHi, y JIbBOBI, MiCbKOIO BJIa010 OyJIM 3aTBEPAXKEHI HOBI IPHHIUIIN IIPOEKTYBAHHS
Ta OyJIBHHMIITBA HOBHUX JKATIOBHX OYJiBellb, 3 ypaXxyBaHHSM HasBHOCTI BHYTpIILIHbO-
KBapTHUPHUX YKPHUTTIB. 32 OCHOBY B3sUTH JOCIiUKeHHs Ta aocBif [lepxkasu I3painb, Oepyun 10
yBark ceicMiyHi yMOBH Hammx perioHiB Ta OyxiBensHi HopMu Hamoi kpainu. JBH [2]
PEKOMEH/IY€, Uil BUTOTOBJICHHSI OCTOHHHMX Ta 3ai300€TOHHUX KOHCTPYKIINA 3aXMCHUX CHOPYI
BUKOPHCTOBYBATH BaXKuii 6eToH Kiacy He Hmkue C12/15, a mis KOOH i puUTeniB — He HIKYE
C20/25. BeronHi OI0KM Ul CTiH MPOEKTYBaTH 3 OeToHy Kiacy He Huskue C8/10. Posunn mis
MypyBaHHsI CTiH 30ipHHX EIICMCHTIB 313006 TOHHUX KOHCTPYKIIii puitMaroTs He Hiokue C8/10.
Apwmarypy mist ykpurtie — A400C, A500C [2]. Vkpurts (BHYTpILIHBO-KBapTUPHI) CILyKaTh ISt
3aXHUCTY BiJl yAapHOI XBHJI, yJIaMKIB pakeT a0 XIMIUHOi 3arpo3u, aje Biji MPSIMOro HOMaJaHHs
CHapsy B Oy/IMHOK — HE 3aXHUILAE.

1. JAbH B.2.2-5-97 Bymunkn Ta crnopyad. 3axWcHi  CHOpPYyIM LMBUIBHOrO  3axucry.- Kuis.
JlepxkommicToOymyBaras Ykpainn. — 1998. — 82¢.

2. JIBH B.2.2-5-97 Byuuku i cniopyu. 3axucHi copyau nusinbsHOro 3axucty. 3mina Ne 3 — Kuis. Minperion
Vxpainu. — 2018. — 34c.

3. BrasiBku npy npoexTyBaHHI 3axuiueHoro npocropy 3a Hopmamu 3axucty Tuiy // (Hrait Jlyitmon, Apkauiit
Konoakiu, Epan Kapriens). — Star Engineers Ltd, Bigain npoekryBanus ta 3axucry, 2020. 96 c.
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In connection with the full-scale invasion of russia in Ukraine, the significance of
introduction of the intra-apartment shelters during the construction process of residential
buildings arose. This practice is already used worldwide. For example, the State of Israel takes
leading positions in this matter. For years now, it has been mandatory to include the placement
of shelter rooms on a single riser in the building's foundation during the design process and
subsequent construction. (Fig. 1).

Fig.1 Location of shelter on a single riser Fig.2 Protective steel shutters

Reasons for creating shelter rooms: short time of missile arrival; location of the civilian
residences near hazardous areas; the large distance to the underground shelter for residents of the
upper floors.

Such shelters are constructed with reinforced concrete walls, steel windows, armored steel
doors and separate ventilation ducts. In peacetime, they are used as a regular room.

There are two types of apartment shelters commonly used in the world:

- A room that provides protection against dangers with at least one reinforced wall and a

window that is closed by a steel sliding shutter (see Figure 2).

- A room located in the middle of the apartment and protected by two walls on all sides.

According to the requirements of foreign building codes [3], rooms and shelters must
comply with the following demands: at least 9 m? area of, 2,5 m height, 0.25-0.3 m wall
thickness, windows located at a height of 1.5 m from the floor.

In Lviv, Ukraine, the city authorities approved new principles for the design and
construction of new residential buildings, having considered the availability of intra-apartment
shelters. The decision was based on the research and the experience of the State of lIsrael,
factoring in the seismic conditions of our regions and the building codes of our country.
According to DBN [2], heavy concrete of class no lower than C12/15 should be used for
manufacturing concrete and reinforced concrete units of protective structures, while columns and
crosshars should be made of concrete no lower than C20/25. Concrete blocks for walls should be
designed using concrete no lower than C8/10. The mortar for masonry walls in precast concrete
structures should not be lower than C8/10. For shelters, A400C or A500C grade reinforcement
bars should be used [2]

The intra-apartment shelters serve to protect from a shock wave, missile debris or chemical
threat, but they do not protect against a direct hit of a projectile into the house.

1. DBN V.2.2-5-97 Budynky ta sporudy. Zakhysni sporudy tsyvilnoho zakhystu.- Kyiv.
Derzhkommistobuduvannia Ukrainy. — 1998. — 82s.

2. DBN V.2.2-5-97 Budynky i sporudy. Zakhysni sporudy tsyvilnoho zakhystu. Zmina Ne 3 — Kyiv. Minrehion
Ukrainy. — 2018. — 34s.

3. Vkazivky pry proektuvanni zakhyshchenoho prostoru za Normamy Zakhystu Tylu // (Ytai Luitsn, Arkadii
Kolodkin, Eran Karpel). — Star Engineers Ltd, Viddil proektuvannia ta zakhystu, 2020. 96 s.
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In the paper the design methodology is proposed for adjustment of the topography effect
on seismic input parameters for design of buildings. The lack of code requirements and
experimental data regarding this issue determine the importance of the problem especially for
countries with complex terrain like Georgia.

In order to evaluate the influence of topography and to adjust the input seismic parameters
a numerical methodology has been used including the following principle components:
calculation of site-specific seismic response of the construction site at foundation level of a
structure considering the real topography and geological conditions (time history analyses); the
numerical analyses of a structure using the site-specific input data; evaluation of stability of
construction area in static and dynamic conditions and considered loads from the structure [1-6].
The numerical investigations were carried out based on detailed computer modeling using
software GeoStudio and LIRA-SAPR [7]. The accelerograms at baserock level recorded in
Georgia and in Japan (K-NET network) were used as input data for calculation of time history
response and response spectra in key points and for the construction of site-specific design
response spectrum curve.

The quantitative results are presented— seismic soil response, relief amplification factor
sometimes more significant than specified in seismic codes. It was concluded that the effect of
complex terrain including its geometry, soil conditions should be considered in seismic design
and the related requirements should be developed and included in seismic code.

Conclusions:

1. In our opinion, design regulations for construction in complex terrain conditions should
be updated regarding the topography factor account methodology and the related typical
problems of slope stability issues — in static and dynamic conditions.

2. The soil seismic response amplification on a construction site located on a complex
terrain depends not only on the geometric characteristics of terrain but more significantly on
soil parameters of a slope under the building foundation that should be considered in design.

3. The slope stability assessment should be preferably performed in time domain (that
guives more reliable results than the limit equilibrium methods) and it is an important part of
design including the influence on neighbour buildings that is also a typical problem raised in
conditions of a dense built environment.

1. EN 1998-5: 2004/ Eurocode 8: Design of structures for earthquake resistance Part 5: Foundations, retaining
structures and geotechnical aspects. Annex A.

2.NTC (2008). NormeTecniche per le costruzioni. D. M. 14/01/2008 by the Ministry of Public Works of Italy.
G.U. 04/02/2008.

3.NF P 06-013. Earthquake resistant construction rules - earthquake resistant rules applicable to buildings, called
PS 92.

4.PN 01.01-09 Earthquake resistant construction. Norms and rules, 2009, 167 pp.

5.Gallipoli, M. R., Bianca, M., Mucciarelli, M. et al. (2013): Topographic versus stratigraphic amplification:
mismatch between code provisions and observations during the L'Aquila (Italy 2009) sequence. [ Bulletin of
Earthquake Engineering, 11, 5, 1325011336.

6.Dynamic Modeling With QUAKE/W An Engineering Methodology October 2014 Edition GEO-SLOPE
International Ltd., 2014.
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JlocBin ekcrutyarariii KapKacCHO-MOHOJIITHUX OyJIUHKIB CBIIYHUTH, IO IUIUTH MEPEKPUTTS €
HAMOUTBII MaTepiaIOMICTKMM elleMeHTOM Kapkacy.lIpu npomy BUTpaTH OETOHY CTaHOBISTH
nonan 30,0% Bix 3arampHOro 00’eMy OeroHy OymiBimi.Tomy mpoOsiema 3HMKSHHS Macu
MEPEKPUTTSI € AKTYaIbHOIO.

Bupimenns 3a3HaueHOl 3amadvi 37iHCHIOBAJIIOCH HA TIJCTaBi aHaNi3y MPOSKTHUX JAHUX
o(icroro nentpy B M.JIpBiB. IlapameTpu HanpykeHO-1e(GOPMOBAHOTO CTaHy MOCIHIAHUX TUTHT
OTpUMaHI 3a pe3yJbTaTaMHM YHCENBHMX JAOCHI/DKEHb I1X po0OTH y CKIaai Kapkacy
Oy iBiBIAMOBIAHO 10 HOpMarHBHHX BuMor [1].PospaxynkoBa mpocropoBa Mmozenb OyiBii
po3pobuieHa 3 Bukopuctantsm [1K JIIPA CAIIP.Pe3ysnbraTi po3paxyHKy JOCIIIHUX MOJEei
OyiBIIi 3 IJIMTAMU MOJIETIICHUMH Ta Oa30BUMH - BinnosinHo 220 i 250mMm HaBezeHi B Tadu.1.

Tabnuys 1
Neri/io ToBmmHa Mty nepekputTs t
Hoxasmmic t=220mm t=250m

1. Burpatu Gerony, M 352,0 400,0
2. Bnacha Bara, T 968,0 1100,0
3. [IporuH minTH, MM 47,0 30,7

4. 3ruHanbHUN MOMEHT Mx, KHMm 15,7 15,9

5. 3ruHanpHI MOMEHT My, kHm 15,0 14,8

6. [Iporun OynaiBii, MM 95,0 82,0

TopiBHsuIbHUI aHai3 faHUX Ta0I.1 CBIAYMTH, 1110 B MOJETIICHUX TJIMTAX BUTPATH OCTOHY
1012,0% wmenme, Hik B 6a30BOMY BapiaHTi. I[IpOTHHH JOCHIJAHUX IUIMT, PO3MIPH SKHX
BIANOBINAIOTh APXITEKTYPHO-IUIAHYBAJIbHOMY PpIIICHHIO OYAiBII IEHTpYy,HE IEPEBHUIIYIOTh
JOMYCTHMY BEJIMYMHY HporuHiB fu = 56 mwm,mo periamentoBana JBH [1]. Ilpum mpomy B
MOJIETIIEHUX TUINTaX BeJdudyrHa nporuHiB 10 35,0% mepeBuiye NporuHu B IUIMTaX 0a30BOro
BapianTa ( quB.Tabm.1).

Cnig 3a3HA4uTH, IO 3MCHIICHHSA TOBIIMHU IUINTH BHKJIUKA€E 30UTBLIICHHS 30HH 3
JIOIATKOBOIO KOHIICHTPAII€F0 CTUCKAIOUHMX HAMPYKEHBb B MICI[SIX CIIUPAHHS IUIMT HA BEPTUKATIbHI
enemMeHTH [2].3a3HaueHa 30HAa CTHKOBOTO CHOJYYCHHS  IUIMTH TOTpedy€e JOAATKOBOTO
apMyBaHHS 3 METO0 3a0e3MeUCHHs MILHOCT] Ha MPOJABIOBaHHs. TakKuM YHHOM, BUKOPUCTaHHS
MOJNETIICHUX IUIMT B HPaKTHIi OyJiBHHUITBA NOTpedye MOOATKOBHX JOCHIDKCHb IOZO
BUKJIFOYCHHS MOJKJIMBOI'O IIPOJABIIOBAHHSA B ONOPHMX 30HAX IUIMTH, @ TaKO)X BH3HAYCHHS
nedopMaTHBHOCTI OCTaHHBOI, BPAXOBYIOUM TabapUTH CTOCOBHO KOHKpeTHOI KoHdirypauii B
TUIaHi.

1. IBH B.2.6 98:2009.Konctpykuii OymunkiB i crmopyn.beronni ta 3amizoberonni KoHCTpyKiiii.OcHOBHI
MOJIOXKEHHS IPoeKTyBanHs.- MinperionOyn Yikpaiun. Kuis, 2011,-71c.-yunnui 3 01.06.2011.

2. AdanacreBa JI.B. «Oco0auBOCTI apMyBaHHS BY3JIOBHX 3’€HAHb MOHOJITHHX IUIHT IIEPEKPUTTS 3
BepTUKAIbHUMHU  eneMeHtamm»  30ipumk  npaup  XVI  MixnapogHoi — HaykoBoi — KOH(epeHLi,
I3pains,Heranis, 2021, ¢.74-77
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The experience of operating frame-monolithic buildings shows that floor slabs are the most
material-intensive element of the frame. At the same time, the consumption of concrete is more than
30.0% of the total volume of concrete in the building. Therefore, the problem of reducing the mass
of the ceiling is actual.

The solution of the specified task was carried out on the basis of the analysis of project data of
the office center in Lviv. The parameters of the stress-strain state of the experimental slabs were
obtained based on the results of numerical studies of their operation as part of the building frame in
accordance with regulatory requirements [1]. The calculated spatial model of the building was
developed using PC LIRA CAD. The results of the calculation of experimental models of the
building with lightweight and basic slabs - 220 and 250 mm, respectively, are shown in Table 1.

Table 1.

Neo The thickness of the floor slab t
n/o | Indicators t = 220mm t = 250mm

1. | Consumption of concrete, m3 352,0 400,0

2. | Own weight, i.e 968,0 1100,0

3. | Slab deflection, mm 47,0 30,7

4. | Bending moment Mx, kKNm 15,7 15,9

5. | Bending moment Mu, KNm 15,0 14,8

6. | Deflection of the building, mm 95,0 82,0

A comparative analysis of the data in Table 1 shows that in lightweight slabs, concrete
consumption is up to 12.0% less than in the basic version. The deflections of the test plates, the
dimensions of which correspond to the architectural and planning decision of the building of the
center, do not exceed the permissible value of deflections fx = 56 mm, which is regulated by the
DBN [1]. At the same time, in lightweight slabs, the value of deflections is up to 35.0% higher than
deflections in slabs of the basic version (see Table 1).

It should be noted that a decrease in the thickness of the plate causes an increase in the zone
with an additional concentration of compressive stresses in places where the plates rest on vertical
elements [2]. The indicated zone of the butt joint of the slab needs additional reinforcement in order
to ensure compressive strength. Thus, the use of lightweight slabs in construction practice requires
additional research to rule out possible compression in the support zones of the slab, as well as to
determine the deformability of the latter, taking into account the dimensions in relation to the
specific configuration in the plan.

1. DBN V.2.6 98:2009. Structures of buildings and structures. Concrete and reinforced concrete structures. Basic
provisions of design. - Ministry of Regional Construction of Ukraine. Kyiv, 2011, 71 pages, valid from June 1,
2011.

2. Afanasyeva L.V. "Peculiarities of reinforcement of nodal connections of monolithic floor slabs with vertical
elements" Proceedings of the XVI International Scientific Conference, Israel, Netanya, 2021, p. 74-77

109



Bignosignicts crinosux cucrem Knauf AQUAPANEL® miniMajbHumM BUMoOram
/10 IPUBEIEHOT0 ONOPY TeIuionepeaayi

Jap’ 2 Xoxpakosa®, kano.mexu.nayk, 0oyenm xageopu 6y0isensHux mexHonozii,
http://orcid.org/0000-0002-9257-5703

Tanuna Hlampina?, xand.mexn.nayx, ooyenm xagedpu 6yoisenvnux Koncmpyryii, 6ydieens i
cnopyo, http://orcid.org/0000-0001-5422-9562

'Kuiscoruti nayionanvuuii ynicepcumem 6yoienuymea i apximexmypu (m. Kuis)
2Jlonbacvra nayionanvna akademis oyoisnuymea i apximexmypu (m. Kpamamopcor)

Hogi monermeni cucremu 3oBHimHix ctin Knauf AQUAPANEL® ruyuki Ta amantuBHi i
MICTSITh BpaKalO4Hid Jiara3oH MPOEKTHUX pinieHb. OMHAK I1I KOHCTPYKTHUBHI PILICHHS 30BHIIIHIX
CTiH PO3pOo0JIeHi IS yCepeJHeHHX KIIMAaTHIHUX YMOB Kpain €Bpocorosy [1, 2] i Tomy matots OyTr
MepeBipeHi MpH MPOEKTYBaHHI OY/iBeNb Ha BiAMOBIAHICTH OHOBJICHHM HOPMATHBHUM BHMOTaM
VYkpainu 11010 3a0e3rneueHHs Tenja0Boi HaaiHHOCTI KOHCTPYKIIi.

ABTOpH MaJIi Ha METi BU3HA4YEHHS 00JIacTi PalliOHAIBHOTO 3aCTOCYBAHHSA CTIHOBHX CHCTEM
Knauf AQUAPANEL®, ski € 10CHTh CKIaJHUMHU TEPMIYHO HEOIHOPIAHMMH KOHCTPYKIIAMH, B
SIKOCT1 30BHIIIHIX OrOPOKEHb Oy IiBesb B KIIIMAaTHYHUX YMOBaX YKpaiHH.

JociipKkeHo CTiHOBI cucTeMu 3 JBopsigHuM posramyBanasMm (WM411C.1, WM411C.2,
WM411C.3, WM412C.1) i 3 omropsinaum postarnyBanssiM (WM111C.1, WM111C.2) crosikoBux
npodiniB y OyAiBIsSX 3 BiAMOBITHUME 00'€MHO-IUIaHY BIbHUMH PilieHHsIME [3].

PosrnsHyTO 1’ITh BapiaHTIB IJIAHYBAJIbHUX CXEM JKUTJIOBUX 1 TPOMaJICKUX OyJliBeNb, y T.U.
mpuOyZOBU 1 PO3MIMPEHHS MOBEpXiB. JIOCHIIKEHHA IPYHTYBAIHUCS HAa €BPONCHCHKOMY AOCBiIL
3acrocyBanHs cucreM 3o0BHImHIX cTin Knauf AQUAPANEL® i HasBHHX iX TEIUIOTEXHIYHHX
xapakTepucTuk: koedimienta teronepenaui Uw, Br/M*K Tinbku ans miyxux AiisHOK CTiH 3
KpokoM crosikoBux npodinie 600 mm i mixiiiHOro xoedimienrta reruonepenadi W-vaie, B1/(M'K)
TUIBKK U1 IPUMHUKAHHS HEPEKPUTTS [0 30BHIIIHBOI CTIHH BHKOHAHOI HAaBICHMM METOJIOM abo 3
YaCTKOBUM Ii OONMUPaHHAM Ha 3a11300€TOHHY ILIUTY.

PesynpraTn po3paxyHKIB BCTAHOBHJIM, LIO BIUIMB TEIUIOBOTO MOCTa B MiCIi IPUMHKaHHSI
3aJ11300€TOHHOI IJIMTH TEPEeKpUTTss € CyTTeBUM. BpaxoByroun, mo 3 2022 poky HOpMamu
IiBUIICHO BMMOTH 10 MIHIMaJIBHO JOIYCTHMHX 3Ha4eHb IIPUBEICHOIO OIOpY TeIuIomepenadi
Rgmin, Mm% K/BT, 30BHILIHIX CTIHOBHX OrOpOJUKYBalIbHUX KOHCTPYKIIIi JKUTJIOBHX Ta IPOMAJICHKHX
OyaiBesb, TUIBKH CHCTEMH 3 ABOPsAHMM posrauryBanHsMm crosikis WM411C.3 i WM412C.1 (ms
6araTornoBepXxoBOro JKHUTIOBOro OyAMHKY 1 mpuOymoBu Jikapui Bixmosimao [3]) Ta cucrema 3
OTHOPAAHUM postamyBandsM cToskis WM111C.2 (s odicuoi Oymismi [3]) MoxyTs OyTn
MPUHHATIME SK OCHOBA IJISI IOJANBIINX PO3PaXyHKIB MPHBEACHOTO OIOPY TEIUIONepeadi, B AKHX
MOTPiOHO YTOYHIOBATH BIUIMB IHIIHMX TEIUIOBUX MOCTIB, SIKI MOKYTb OyTH HasBHUMH B KOHKPETHIH
OyniBi.

1. ETA 13/0312. Kits para los Sistemas de fachada AQUAPANEL® WM111.C; WM211.C; WM311.C; WM411.C;
WM111.G; WM211.G; WM311.G; WM411.G. [Yuunwuit Big 2013-05-30]. Kits para sistemas de paredes
exteriores no portantes con paneles de origen mineral, The Catalonia Institute of Construction Technology —
Madrid, Spain, 2013, 85 p.

2. Energy Efficiency of Lightweight Steel-Framed Buildings. Energy Efficient Buildings / Paulo Santos. - 2017. —
pp. 35-60. - URL:
https://pdfs.semanticscholar.org/7b7a/fde782ff31ad6b92832e5a7c880b7d3c31f8.pdf?_ga=2.1299761.105317277.1
667547210-1149146681.1667547210.

3. Built on experience. Knauf Exterior Wall with AQUAPANEL® Technology/ Knauf Aquapanel GmbH & Co.
KG. - Iserlohn: 2019. - 71 p.
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The new lightweight Knauf AQUAPANEL® exterior wall systems are flexible and adaptable
and include an impressive range of design solutions. However, these design solutions of external
walls are developed for the average climatic conditions of the European Union countries [1, 2] and
therefore must be checked during the design of buildings for compliance with the updated
regulatory requirements of Ukraine to ensure the thermal reliability of the structure.

The authors aimed to determine the area of rational application of Knauf AQUAPANEL®
wall systems, which are rather complex thermally heterogeneous structures, as external walls of
buildings in the climatic conditions of Ukraine.

Double stud wall systems (WM411C.1, WM411C.2, WM411C.3, WM412C.1) and single
stud wall systems (WM111C.1, WM111C.2) in buildings with appropriate volume - planning
solutions were studied [3].

Five variants of planning schemes for residential and public buildings were considered ,
including extensions and expansion of floors. The studies were based on the European experience
of using Knauf AQUAPANEL® external wall systems and their existing thermal characteristics:
the heat transition coefficient UW, W/m2-K only for blind sections of walls with a stud spacing
profiles of 600 mm and the linear thermal transmittance ¥-value, W/(m-K) only for abutting the
floors to the outer wall made by the hanging method or with its partial resting on a reinforced
concrete slab.

The results of the calculations established that the influence of the thermal bridge at the point
of adjoining of the reinforced concrete floor slab is significant. Considering that starting from 2022,
the regulations have increased the requirements for the minimum permissible values of the reduced
heat transfer resistance Rgmin , m2-K/W, of external wall enclosing structures of residential and
public buildings, only double stud wall systems WM411C.3 and WM412C.1 (for a high-rise
residential building and a hospital extension, respectively [3]) and the single stud wall system
WM111C.2 (for a office building [3]) can be taken as the basis for further calculations of the
reduced heat transfer resistance, in which it is necessary to clarify the influence of other thermal
bridges that may be present in a specific building.

1. ETA 13/0312. Kits para los Sistemas de fachada AQUAPANEL® WM111.C; WM211.C; WM311.C; WM411.C;
WM111.G; WM211.G; WM311.G; WM411.G. [from 2013-05-30]. Kits para sistemas de paredes exteriores no
portantes con paneles de origen mineral, The Catalonia Institute of Construction Technology — Madrid, Spain,
2013.85p.

2. Energy Efficiency of Lightweight Steel-Framed Buildings. Energy Efficient Buildings / Paulo Santos. - 2017. —
pp. 35-60. - URL:
https://pdfs.semanticscholar.org/7b7a/fde782ff31ad6b92832e5a7c¢880b7d3c31f8.pdf?_ga=2.1299761.105317277.1
667547210-1149146681.1667547210.

3. Built on experience. Knauf Exterior Wall with AQUAPANEL® Technology/ Knauf Aquapanel GmbH & Co.
KG. Iserlohn: 2019. 71 p.
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OCHOBHHUMH HOPMATHBHO-NIPAaBOBUMH aKTaMH, IO BH3HAYAIOTh OPraHi3alil0 TEXHIYHOTO
00CTEKEHHS MOIIKOKEHUX BHACIIIIOK HaA3BUUaliHuX cuTyalii Oyaiens i ciopyn (BraC), €[1, 2].
3riiHO 3 UMMM JTOKYMEHTaMH OCHOBHHMH BiIMIHHOCTSIMU OOCTEKEHHSI HOIIKO/DKEHUX 00’ €KTIB €:

— posmmpeHuii nepernik $axiBLiB, 10 MAOTh IIPABO BUKOHYBATH TEXHIYHE OOCTEIKEHHS;

— BBEJCHI MOHITTS IOLIKOMKEHUX OO0 €KTIB, KOMICIHHOTO OOCTEeKEHHs, KaTeropii
TOTIIKO/I)KEHB;

— 710 3BITY 3a pe3yJibTaTaMU 0OCTEKEHHSI 10JA€ThCS aKT 00CTEKEHHS;

—  CKJIQJIaHHs macrnopTa 00’ ekra abo BHECEHHS 3MiH /10 HbOTO HE BUMAraeThCsl.

OcHOBHI MPOOJIEMH, 1110 BUHUKAKOTH M1l YaC 00CTEKEHHS MMOIIKO/KEHUX 00’ €KTIB:

—  CKJIQJHOIII, a YacTo 1 HEeMOXJMBICTb, Y3TOKEHHS 3 PO3NOPSIJHUKAMH OFOJPKETHUX
KOIITiBHA €Tl YKJIaJaHHS IOTOBOPIB (DiHAHCYBAHHS i MOMEPEIHBOTO, i ACTAIBHOTO (OCHOBHOTO)
00CTEXKEHHS,

— HECBO€YACHE BHUKOHAHHS KOMICIHHOTO OOCTEXKEHHsS 1, SK HACTIJOK, TEXHIYHOIO
00CTEXEHHS,

— HCBUKOHAHHS  BJIACHUKAMHU/YIPABUTCISIMH  MOIIKO/DKCHHX  O0’€KTIB  3aXOfmiB 3
KOHCEpPBYBaHHS;

—  BIJICYTHICTh y BJIACHHKIB/YIIPABUTEIIB MONIKOKEHUX 00’ €KTIB 3HAHB MIOJI0 MOAIBITHX
Ui,

Ilicnst 3aBepuIeHHs aKTHBHUX OOMOBMX [iii Ha TepuTopil YKpaiHH B Iepiof NMOBOEHHOT
BiIOYJOBH JUISi BHKOHAHHS KOMIUICKCHOI OLIHKHM TexHidyHOro crany braC, Bu3HauyeHHs ix
BIJIMOBITHOCTI HOPMaM Ta PO3POOKH Ai€BUX PEKOMEHMAlil 100 PEMOHTHO-BIJIHOBIOBAILHUX
pobiT, ki 3abe3medaTs TMOJaNbIly Oe3MEYHy CKCIUIyaTalifo, JOLUIBHO B  paMKax
0o0CTeKEHHATIepeJ0AYNTH BUKOHAHHS HACTYITHHUX 3aXO0/IiB!

— PO3paxyHOK 00CSTY JeMOHTa)Xy KOHCTPYKIIH 3BH3HAYCHHSM HOMEHKJATypH BHPOOIB Ta
KOHCTPYKLIH, SIKI IPUAATHI U1l IOBTOPHOT'O 3aCTOCYBAHHS TA PELUKIIIHTY;

— BHUKOHAHHS IHCTPYMEHTAJILHOTO €HEProayauTy OyaiBelb 3 po3poOKOI0 peKOMEHAALLIH;

— po3po0OKa MpOrpaMu MOHITOPHHTY 3a TeXHIYHMM ctaHoM braC i3 3aHECEeHHSM JaHUX MPO
Oy IBIIIO Ta pe3yJIbTaTH MOHITOPHHTY B €IMHY 6a3y JaHHX.

Ha nmanmii MmomenT B ITJTABA 31iliCHIOIOTBCS JOCHIJDKEHHS 0COOJIMBOCTEH BHUKOPUCTAHHS
MPOJYKTIB PELMKIIHTY OyIiBeNbHUX BIAXOMIB Ui BUPOOHMITBA KOHCTPYKIIHHHX OCTOHIB Ta
iHIMX Matepianis, B T.4. st 3d-ApyKy KOHCTPYKLiii Ta BUpoOiB Ge3rocepeiHbo Ha MaiJaHIuKy
Oy niBHuUITBa/peKOHCTpYKIil. KpiM 1poro, Bemethes po3pobka €muHOI 6a3u AaHUX TEXHIYHOTO
CTaHy HEpPyXOMOro MaifHa B VYKpaiHi Ha OCHOBI 3aTBepKCHHX (OpPM IacIopTiB 00 €KTiB
OyIIBHMIITBA Ta 3 YypaxyBaHHSIM JIIFOYMX HOPMATHUBHHUX JOKYMEHTIB y cdepi 0OCTexKeHHS
TexHiuyHoro crany b ta C.

1. Tlopsaok BUKOHAHHS HEBIAKIAJHUX POOIT 11010 TiKBinawuii HacmiakiB 30poiiHoi arpecii Pociiicbkoi denepariii, MoB’si3aHIX

i3 momko/KeHHaM OyaiBens Ta cropya: ITocranosa KaGinery Minictpis Vipainn Bix 19.04.2022 Ned73. Odiuiiinuit
Bicuuk Ykpainu. 2022. Ne 37. C. 81.

2. Meroanka mpoBeneHHs oOCTexkeHHs Ta opopmieHHs iforo pesynbrartis. Hakaz MinictepcTBa po3BHTKY rpomaj Ta
Teputopiit Yrpaiuu Bizg 06.08.2022 poxy Ne 144. Odiuiitanii Bicuuk Yxpainu. 2022. Ne 61. C. 179.
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The main regulatory legal acts that define the organization of technical inspection of buildings
and structuresdamaged as a result of emergencies are [1, 2]. According to these documents, the
main differences in the inspection of damaged objects are:

— an expanded list of specialists who are authorized to carry out technical inspection;

— concepts of damaged objects, commission inspection, and categories of damages have been
introduced;

— the inspection report is accompanied by an inspection certificate;

— there is no requirement to prepare an object passport or make changes to an existing one.

The main problems that arise during the inspection of damaged objects are:

— difficulties, and often impossibility, in coordinating financing with budget fund managers
for both preliminary and detailed (main) inspections at the stage of concluding contracts;

— delayed execution of commission inspections and, as a result, technical inspections;

— failure of owners/managers of damaged objects to take measures for preservation;

— lack of knowledges among owners/managers of objects regarding further actions.

After the end of active hostilities on the territory of Ukraine during the post-war
reconstruction period, in order to carry out a comprehensive assessment of the technical condition
of buildings and structures, determine their compliance with norms, and develop effective
recommendations for repair and restoration work that will ensure further safe operation, it is
advisable to provide for the following measures within the framework of the inspection:

— calculation of the volume of dismantling of structures with determination of the
nomenclature of products and structures suitable for reuse and recycling;

— performing instrumental energy audit of buildings with the development of
recommendations;

— development of a monitoring program for the technical condition of buildings and
structures with the inclusion of data on the building and monitoring results into a Unified Database.

At present, research is being carried out at PSACEA on the features of using products of
recycling of construction waste for the production of structural concretes and other materials,
including for 3D printing of structures and products directly on the construction/reconstruction site.
In addition, a Unified Database of the technical condition of real estate in Ukraine is being
developed based on approved forms of construction object passports and taking into account the
current regulatory documents in the field of inspection of the technical condition of buildings and
structures.

1. Procedure for Urgent Works Related to the Elimination of Consequences of the Armed Aggression of the Russian
Federation, Associated with Damage to Buildings and Structures: Resolution of the Cabinet of Ministers of
Ukraine dated April 19, 2022, Ne473. Official Bulletin of Ukraine. 2022. Ne37. P. 81.

2. The method of conducting an inspection and documenting its results: Order of the Ministry of Community and
Territories Development of Ukraine dated August 6, 2022, Nel144. Official Bulletin of Ukraine. 2022. Ne61. P.
179.
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Mera JOCIIIDKCHHA-IIIIBUILCHHS e(QEKTUBHOCTI  3BEACHHS (EPMEPCHKUX TEIUTULb 3
BUKOPHUCTAHHSIM 0araTo(yHKIiOHAIBHUX TEXHOJIOTTYHUX CUCTEM.

TexHouorist Ta OpraHizaliis 3Be/ICHHS TEIUIHIb BPAXOBYE 3HAUHI IUIOLII Ta HPOTSHKHICTH
CIIOPY/] T CUCTEM, TIPOEKTHI BUCOTH TOIIO. Benka KijabKICTh Ta Pi3HOBUANEIEMEHTIB KOHCTPYKITIi
Ta CUCTEM JUKTY€ BUCOKY TPYAOMICTKICTB (ISCSATKH THCSY JIIOJHHO-TOANH Ha 3BEACHHS
1ra).Binbuiicts pobiT BUKOHYIOTBCS BpY4HY. Mae Miciie po3ocepepkeHicTb 00 €KTIB, BiyiaaeHHs!
BiJx 0a3 KOMIUIEKTAL] Ta MeXaHi3arii.

KoMIuiekcHi poLecHu3BeAeHHS BKIIOUAIOTh 3eMIITHI pOOOTH, BIAIITYBaHHSA (YHIAMEHTIB Ta
€JIEMEHTIB HYJIbOBOIO IIUKITY, MOHTAK METAIEBUX KOHCTPYKIii Ta oropoxi ( 6ok 1).Jlo rpymu
IHXKCHEPHHUXBITHOCSTH KOMILIEKCHI IIPOL[ECH MOHTAXY CHCTEM OIAJICHHS, €lIeKTPOMOHTAKHI
po0OTH, BIAIITYBAHHS aBTOMATHYHHX CHCTEM,a TAKOX ITyCKO- HAJIATrOKyBaIbHI POOOTH.
TeXHOIOTYHI CHCTEMH BKIIOYAIOTH Ipiraiito ta (epTuraiiro, 30upanns, ounineHHs (me3iHdexii)
JPEHAKHUX CTOKIB,BUIIAPOBYIOUE OXOJIO/DKSHHS, BEHTHILLIIO i3amroproBanmst ( 6ok 2) [1].

TpyIoMicTKICTh BUKOHAHHSI TIpoIieciB 110 010Ky 1 ckinanae Ginbuie 4500 moanHo-roanH, abo
maibke 42% BiACOTKIB Bij 3arambHO TpymomicTkocti [2].3aranpHa TpyIOMICTKICT BHKOHAHHS
pobit o 650Ky2 ckianae Maibke 2700mm0quH0-roqKH, a0 26,7 % Bix 3araibHOT TPYIOMICTKOCTI
3BefeHHs 00’ekty. Ilo muM poGoTam, OCOOMMBO 110 MOHTaXy CHCTEM ONAJeHHs 13 TpyOu
niamerpoMm 48-57MM, € 3HaYHMM pe3epB MiABUIIECHHSA E(EKTHBHOCTI. 30KpeMa, BHKOPHCTAHHS
MOOUIBHHX MOHTaXHO- 3BaproBaibHuX Komiuiekcis IE3 im.Ilarona—TTM— KHYBA [1](aBropchki
po3pobku kadenpu Oy TiBETBHUX TEXHOJIOTIIT). BIpOBaKEHHST OPUTiHATBHIX TEXHOJOTii MOHTaXyY
eJIEMEHTIB HyJIbO-BOI'O LUKJIy TECIUIML> OCHOBAHO HA BUKOHAHHI KOMIUICKCY poOiT ( BamTyBaHHSI
POCTBEPKY —LIOKOJIS MiJl CTIHM Ta TEPEeropoKH, a TAKOX OKPeMO- cTosi4i COIpHI 3a1i300€TOHHI 4n
MeTaneBi MiKpomnasi B MOHOJIITHii Gypo-HaOuBHI# « [maii6i» ) yHiBepcaabHOI MAIIHHOIO.

B okpeMnx iH)KEHEPHO-TEOJOTIYHMX yMOBAaX TaKOX  PO3IISIAETHCS — TEXHOJOTis
BJIABIIOBAHHS MiKponanboBux (yHnameHTiB [2].EQexTuBHE 3BeCHHS TaKUX TEILUIHIb B CYy4aCHHX
ymoBax no TexHouorii KHYBA 6a3yeTbcst Ha BUKOpHCTaHHI 6araTodyHKIIOHAIBHUX TEXHOJIOTIH,
1[I0 MAalOTh B SIKOCTI OCHOBHOI ( BEIy40i) MAlIMHU HPOIIECY OAHY , a00 IeKijabka 0a30BHX MAIINH 3
KOMIUIEKTOM  3MIHHHX pOOOYMX  OpraHiB. BUBIJIBHSAETBCS  KOMIUICKT — CIELiali30BaHUX
MaIiH. BUKOHaHI JTOCTIIKeHHs — ITOKa3aly, 10 0COOJIMBO Iie aKTyalbHO IPU3BEACHHI CyJacHHX
IUTiIBKOBHX TeIUTHIb [3].

1. Termusl u Temwmynsie xo3siictea / I'. T'. [lumko, B. A. Ioramos, JI. T. Cynuma, JI. C. YeGanos. ITox
pea.MIuuko I'.T. - K. : Ypoxaii, 1993,- 424 c.

2. Yebanos JI.C., Yebanos T.JI., Yeban B.O. KoHCTpYKTHBHI Ta TEXHOIOTiUHI OCOOIMBOCTI CydacHHX OJOKOBUX
Teruip // YKpaiHChKuil )KypHan OyIiBHHIITBA Ta apXiTeKTypu: 30. HayK. mparpb. — Bum.1. — Tuinpo: TIJJABA,
2021.-C.117-123.

3. Yebanos JI.C., Kusnoscrkuii O.B., Uebanos T.JI., JIsmenko [.A. Knacudikaris TeImIpb i3 THYYKUM HOKPHTTAM
/Il lnsixu nijBuiieHHst epeKTHBHOCTI Oy AiBHUALTBA B yMOBaxX (hOpPMy-BaHHs PUHKOBHXBIJIHOCHH: 30. HAayK. IIpallb.
— Bumn. 50 y nBox wactunax. Yacruna 2. Texniunnmii. — K.: KHYBA, 2022. — C. 125-136.
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The purpose of the research is to increase the efficiency of construction of farm greenhouses
using multifunctional technological systems.

The technology and organization of the construction of greenhouses takes into account
significant areas and the length of structures and systems, design heights, etc. The large number
and variety of elements of structures and systems dictates high labor intensity (tens of thousands
of man-hours for the construction of 1 ha). Most of the work is done manually. There is a dispersal
of facilities, distance from equipment and mechanization bases.

Complex construction processes include earthworks, installation of foundations and
elements of the zero cycle, installation of metal structures and fences (block 1). The engineering
group includes complex processes of installation of heating systems, electrical installation works,
installation of automatic systems, as well as start-up and adjustment works. Technological systems
include irrigation and fertigation, collection, cleaning (disinfection) of drainage effluents,
evaporative cooling, ventilation and screening (block 2) [1].

The labor intensity of the execution of the processes on block 1 is more than 4500 man-
hours, or almost 42% of the total labor intensity [2]. The total labor intensity of the execution of
works on block 2 is almost 2700 man-hours, or 26.7% of the total labor intensity of the
construction of the object . For these works, especially for the installation of heating systems from
pipes with a diameter of 48-57 mm, there is a significant reserve of increased efficiency. In
particular, the use of mobile assembly and welding complexes of the named Paton-TTM-KNUBA
[1] (author’s developments of the Department of Construction Technologies). The implementation
of original technologies for the installation of elements of the zero cycle of greenhouses is based
on the performance of a complex of works (arrangement of the grillwork - plinth under the walls
and partitions, as well as free-standing precast reinforced concrete or metal micropiles in a
monolithic drill and rammed "washer") by a universal machine. In certain engineering and
geological conditions, the technology of pressing micropile foundations is also considered [2]. The
effective construction of such greenhouses in modern conditions according to the KNUBA
technology is based on the use of multifunctional technologies that have as the main (leading)
machine of the process one or several basic machines with a set variable working bodies. A set of
specialized machines is released. Conducted studies have shown that this is especially relevant
when erecting modern film greenhouses [3].

1. Teplicy i teplichnyehozyajstva / G. G. Shishko, V. A. Potapov, L. T. Sulima, L. S. Chebanov.
Podred.Shishko G.G. - K. : Urozhaj, 1993,- 424 s.

2. Chebanov L.S., Chebanov T.L., Cheban V.O. Konstruktivni ta tehnologichni osoblivosti suchasnih blokovih
teplic // Ukrayinskij zhurnal budivnictva ta arhitekturi: zb. nauk. prac. — Vip.1. — Dnipro: PDABA, 2021. -
S.117 -123.

3. Chebanov L.S., Kiyanovskij O.V., Chebanov T.L., Lyashenko I.A. Klasifikaciya teplic iz gnuchkim
pokrittyam. Shlyahi pidvishennya efektivnosti budivnictva v umovah formu-vannya rinkovih vidnosin: zb.

nauk. prac. — Vip. 50 u dvohchastinah. Chastina 2. Tehnichnij. — K.: KNUBA, 2022. — S. 125-136.
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Mera JOCHIKEHHS- PO3MIIS  OCOOMMBOCTEH 3BEJICHHS MOIYJIbHHX OYyIMHKIB Ha 0Oasi
0aaTO(yHKIIOHAIBHUX TEXHOJIOTIYHUX cUCTeM. ByMIBHUITBO MOIYJIBbHHX OYJMHKIB € OJHHM i3
MOXIMBHX CHOCOOIB YaCTKOBOI'O BHPIIICHHS JKHTJIOBHX IUTaHb NI MEPECETCHIIB, a TaKOX
BIJTHOBJICHHSI JKUTJIA JUTSI TOCTPAXKJAIMX B OKyIMalii Ta BiJ 00CcTpiiiB Ta OoMOapayBaHb rPOMaJIsH.

Taki cnopyau XapakTepu3yIOThCsI HACTYITHUM !

- OJTHO Ta JIBOIIOBEPXOBi 00’ €KTH;

- MOXJIMBA rpyroBa 3a0yJi0Ba , Jie pO3rJIsIAl0ThCS HOTOKOBI METOAM OpraHizaii Oy 1iBeabHO
— MOHTaXKHUX POOIT ;

- 30ipHUI BapiaHT « HYJbOBOTIO LUK « 3 MiJBAJIOM — CXOBHUIIEM;

- METaJeBUH KapKac 3 OrOPOXKEI0, IEePeropoJkaMH Ta IIOKpIBICIO i3 MaHeled  THILY
«CaHIBIU»;

- IPUCYTHICTh OCHOBHUX KOHCTPYKLIH Ta iH)KEHEPHUX CHCTEM Ta KOMIUIEKCHHX TEXHOJOIiH
X peanizauii;

- B OKPEMHX BHITAQJKaX THMYACOBHI XapakTep >KHTJIA, KOHCTPYKTHBHAa Ta TEXHOJOTIYHA
MOKJIUBICTD IEMOHTA)KY — MOHTaXKYy;

- po30cepeDKeHICTh 00’€KTIB Ta BIAJANCHICTh Bia 0a3 MexaHizawmii , KOMIUIeKTauii Ta
OyIIBHULITBA.

Ha xadenpi Oyaisensuux texuosoriii KHYBA noxazano[l], mo 3BeneHHst Takux 00’ €KTiB
KOMIUIEKTOM CHEL[iaTi30BaHNX MAIIHH Ta MEXaHIi3MiB € MaJIOC)EKTHBHUM. MU pO3risiIaeMo Ui
TaKUX YMOB peajizauilo OararoyHKIIOHaJbHI TEXHOJOTIYHMX CHUCTEM pI3HOTO piBHSI Ta
MIPU3HAYCHHS I (OPMyBAaHHS KIHIIEBOIO KOPHCHOTO PE3yJbTAaTy , SKHH JOCSTA€ThCA ILITXOM
B3a€MOJIIi Ta B3aEMHOIO BIUIMBY HOro yvacHukiB. CKIaJHI CHCTEMH pO3NOAUISIOTECS Ha
MiICHUCTEeMH 3 METOI0 ONTHMIi3alil X eIeMeHTiB HUIIXOM (opManizamnii mpouesyp IPOeKTyBaH-Hs
Ta CTBOPIOE METO/ ITPOCKTYBaHHs OaraTro(yHKIIOHATIBHUX CHCTEM.

IIpu ¢dopmyBaHHI KOMIUIEKTIB Ta  IapaMeTpiB 0OaraTo(QyHKIIOHAIBHUX TEXHOJOTITYHHX
CHCTEM BUBYAIOTHCSI YMOBH BUKOHAHHS Ta OCOOJNMBOCTI Majio 00’€MHHX i PO30CEpUKCHUX POOIT.
IIpy 11bOMY BUKOPHCTOBYETbCS —aHAJOriYyHUHM NpuHLUI (GOPMYBAHHA KOMIUIEKTiB OyiBelbHOL
OocHAcTKH B (hyHKIIOHAIBHO-MOAYJIBHUX cucTeMax OyaiBuuirea [2]. Jlns 3amanux 06 €MHO-
IUTAaHYBAJIBHUX Ta KOHCTPYKTHBHHX pillleHb OyaAiBelb Ta BIIIIOBITHUX TEXHOJOTIH 3BEICHHS , a
TaKOXK 33/IaHUX MOKA3HUKIB YMOB BUKOHAHHS POOIT, B MpOLECi NPOEKTYBaHHS Ha3HAYAIOTh BEIydy
MalliHy YM MAIIMHH peai3amil Mpolecy Ta mapameTpH poOOdYux oprasiB. 'Hyukwil miaxim mo
[IPOEKTYBaHHs 06araTo(yHKIIOHAJbHUX TEXHOJOTIYHUX CHUCTEM € MOMJIMBUM IPU BHKOPHUCTaHHI
YHIBEpPCAIbHUX MOXJIMBOCTEHl OyZIiBeNBHUX Ta JOPOXKHIX MAIIUH 3a PaXyHOK OCHAICHHA IX
JOJaTKOBIUMH 3MIHHUMHI poOOYMME opranamu . OJJHUM i3 IIPHUKJIAJIB TaKHX MAIIMH € yCTaHOBKA
MBL 745 HT RANGER «kommnanii MANITOU 3 TeneckomivyHO CTPiJOK0 Ta CHElialbHOI
PaMKOIO JUI KpIIUICHHS Ta 3aMiHM poOouMx opraHiB. B iHmmMX BHmanxax, 6a30BOI0 MAIIHHOIO
TaKHUX TEXHOJIOTiH Moxe OyTu iHIIA yHiBepcallbHa MalllMHA — YHIBEpCAJIbHUM HaBaHTa)KyBay TUILY
Bobcat.

1.Ye6anosJI.C.YuuBepcaabHOe IPUMEHEHNE MallvH B crpoutenbete | Monorpadus / JI,C.Hebanos, A.B.@ponos
— K.: BynisenbHuk, 1994. — 288c.

2.Toukauees I'.H. @yHKIMOHATBHO-MOIY IbHAS CHCTeMa (POPMHUPOBAHHS KOMITICKCOB CTPOUTENbHON OCHACTKH:
Mownorpadus/ I'.H. Tonkauees. — K.: UIT «Bayxunit M.H.», 2012. — 158c.
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The purpose of the study is to consider the features of building modular buildings based on
multifunctional technological systems.

The construction of modular houses is one of the possible ways of partially solving housing
issues for displaced people, as well as restoring housing for victims of the occupation and from
shelling and bombing of citizens.

Such buildings are characterized by the following:

- one and two-story buildings;

- group construction is possible, where flow methods of organizing construction and
installation work are considered;

- prefabricated version of the "zero cycle™" with a basement - storage;

- a metal frame with a fence, partitions and a roof made of "sandwich" type panels;

- the presence of basic structures and engineering systems and complex technologies for their
implementation;

- in some cases, the temporary nature of housing, the constructive and technological
possibility of disassembly and assembly;

- dispersion of facilities and distance from mechanization, assembly and construction bases.

The Department of Construction Technologies of KNUBA has shown [1] that the
construction of such objects with a set of specialized machines and mechanisms is ineffective. For
such conditions, we consider the implementation of multifunctional technological systems of
different levels and purposes for the formation of the final useful result, which is achieved through
interaction and mutual influence of its participants. Complex systems are divided into subsystems in
order to optimize their elements by formalizing design procedures and create a method for
designing multifunctional systems.

When forming the sets and parameters of multifunctional technological systems, the
conditions of execution and features of small-volume and disorganized works are studied. At the
same time, a similar principle of building construction equipment sets is used in functional and
modular construction systems [2]. For given volume-planning and constructive decisions of
buildings and corresponding construction technologies, as well as given indicators of work
performance conditions, during the design process, the leading machine or machines for the
implementation of the process and the parameters of the working bodies are assigned. A flexible
approach to the design of multifunctional technological systems is possible when using the
universal capabilities of construction and road machines by equipping them with additional variable
working bodies. One example of such machines is the MANITOU MBL 745 HT RANGER
installation with a telescopic boom and a special frame for attachment and replacement of working
bodies. In other cases, the basic machine of such technologies can be another universal machine - a
universal loader of the Bobcat type.

1.Chebanov L.S. Universalnoe primenenie mashin v stroitelstve : Monografiya / L,S.Chebanov, A.V.Frolov — K.:
Budivelnik, 1994. — 288s.

2.Tonkacheev G.N. Funkcionalno-modulnaya sistema formirovaniya kompleksov stroitelnoj osnastki: Monografiya/
G.N. Tonkacheev. — K.: ChP «Bludchij M.N.», 2012. — 158s
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Pe3ynbraTi TEXHIYHOTO OOCTEXECHHS JIOTICTUYHOTO LIEHTPY 3 XOJOAWIBHUKOM y M. BpoBapw,
SIKMH TOCTPaXkJaB BHACIIZIOK PAKETHOTO Ta apTHiepiiicbkoro o0cTpiniB y 6epesni 2022 poky.

HaBeneni pesyabTaTé OOCTEXECHHS 1 JeTall pyHHYBaHHSA 3aJi300€TOHHHX KOHCTPYKIIH
OyaiBii XOJIOAMIIbHHUKA 3 BOY10BaHO-TIPHOYI0BaHUMH aJIMiHICTPATUBHO-NI00Y TOBUMHU
npumimenHsiMu. O0’ekT po3raimoBaHuil 3a ajpecoro KwuiBcbka oOmactb, bpoBapcekuii p-H, c.
KgitHese, By 'oromiscbka 1-A. O6’ekT, sikuii 10 pyHHYBaHHs, MaB 3arajibHi rabapuTHI pO3MipH B
ociax 354 M. x 173,5 M, ckiajaBcs 3 OIHOINOBEPXOBOTO XOJOJMJIBHUKA 3 HPUMILICHHIMHU
SKCIEANLI, TBOX TPUIIOBEPXOBHX BOYIOBAHO-IIPHOYIOBAHUX aAMIHICTPATUBHO-TIOOYTOBHX OJIOKIB i
JIBOXTIOBEPXOBOTO  BOY/IOBaHO-NIPUOYIOBAHOTO TEeXHIYHOrO 010Ky (komnpecopni, TII). Bymisist
OlOKy XOJOOWIBPHMX KaMep BHKOHAHA 3a KapKAaCHOIO OE3KICLEBOI0 CXEMOI0 13 30ipHHX
3aJ1i300€TOHHUX KOJIOH, 3aJi300€TOHHUX JBOCKHJIHMX OAaJOK MPOroHoM 24 M Ta 3a1i300eTOHHHX
TaBpoBUX Oasok mporoHoM 12 m. B OyxiBni OnoKy XONOAMIBHUX Kamep, KPOK KpaiHiX KOJOH
B3I0BXK IU(PPOBUX ocell ckianae 12 M, B3noBxk OykBeHHx oceil 12 M. Kpok cepe/Hix KOJOH B3I0BK
uudpoBUX oceii ckiamae 24 M, B3IOBK OykBeHuX oceit 12 M. Bymiis GJI0KY XOIOAMIBHUX Kamep
CKJIaJIaeThes 13 4 ONOKiB, po3aineHux nedopmariiiHumu mBaMu. 3 OJIOKH MaloTh po3Mipu 72 x 120
M i 1 6ok mae posmipu 96 x 120 M. ®yHnameHTH 3ai1i300€TOHHI NMAIBOBI, KyIIOBI 31 30ipHUMH
poctBepkamu. [lani BaasnroBanHi, nepepizom 500 x 500 mm. [bOuna migomBu nanes 5,8 M HIKYE
moBepxHi 3emii. [lo Kymam manb BHKOHAHI MOHOJNITHI POCTBEpKH, Ha SKHX 3MOHTOBAHI
3asi300eTonHi crakanu 2400x1800x1200 MM 11ij 30ipHi 3ami300eToHHI KosToHH. Kapkac BHKOHAHUI
31 301pHHX 321113006 TOHHUX KOJIOH JOBKHHOIW0 14,4 m.

Ha (puc.1) HaBezeHi BUAM PyiHYBaHHS TIOMEPEIHBO HAMIPYKCHUX 3THHATBLHUX SJIEMEHTIB, 110
3a3HAJIM JUHAMIYHOTO HAaBAHTAXKEHHS Ta TEMIEPATyPHOI'O BIUIMBY Bijl HOXKEXKI, TaK I HEHAIIPYKEHUX
3aJ11300€TOHHHUX KOJIOH.

Tpeba 3a3HaunMTH, WO Ha UEi
4ac, TONIKO/PKCHI eJIeMEHTH OyiBii
JICMOHTOBaHI Ta BHBE3€Hi. 3apa3s

BUKOHYIOTH POOOTH TO MiJCHJICHHIO
30epeKeHIX KOHCTPYKILiit i
po3pobIsEThCS MIPOCKT o

BiZTHOBJICHHIO OY/IiBIII XOJOIUIbHUKA.
3po0iieH0  aHami3  BIUIMBY
JMHAMIYHOIO HaBaHTAXCHHS i
TEMIIEPAaTypHOTO  HA  KOHCTPYKIIii
XOJIOAWJIBHUKA B  3aJIE)KHOCTI  BiJl
Puc.1. Buau pyiiHyBaHHs HONEPEIHBO HANPYKESHUX JoKallii BiTHOCHO MiCIlb MOTAJaHHSI
3TUHAIBHUX €JIEMEHTIB Ooernpunacis.

1. ICTY-H B B.1.2-18 2016 HacranoBa 3 o6cTexeHHs Oy/iBeb i COPY/ JUlsl BU3AHUEHHS Ta OLIHKM iX TEXHIYHOro
CTaHy
2. IBH B. 1.2.-5:2007. «HayxoBo-TexHiunuii cynposij OyaiBensnux o6'ekris». K., 2007,
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Destruction of prestressed flexural elements of the framework of the logistics
center with a refrigerator in the city of Brovary, which suffered as a result
of rocket and artillery fire in March 2022

Yegor Dobrokhlop, Chief Engineer, http://orcid.org/0009-0009-2275-1925
Mykola Dobrokhlop,. Associate professor of the department of reinforced concrete and stone
structures http://orcid.org/0000-0001-6393-786X

IScientific-production construction company "Dobrobud"” (Kyiv)
2Kyiv National University of Construction and Architecture (Kyiv)

The results of the technical inspection of the logistics center with a refrigerator in the city of
Brovary, which suffered as a result of rocket and artillery fire in March 2022.

The results of the survey and details of the destruction of the reinforced concrete structures of
the refrigerator building with built-in and attached administrative and domestic premises are
presented. The object is located at the address Kyiv region, Brovarskyi district, village Kvitneve,
str. Gogolivska 1-A. The object, which before the destruction, had overall overall dimensions in the
axes of 354 m. x 173.5 m, consisted of a one-story refrigerator with expedition premises, two three-
story built-in and attached administrative and household blocks and a two-story built-in and
attached technical block (compressor, TP). The building of the refrigerating chamber block is made
according to the frameless scheme of precast reinforced concrete columns, reinforced concrete
gable beams with a span of 24 m and reinforced concrete T-beams with a span of 12 m. In the
building of the refrigerating chamber block, the pitch of the extreme columns along the numerical
axes is 12 m, along the letter axes is 12 m. The pitch of the middle columns along the numerical
axes is 24 m, along the letter axes 12 m. The building of the refrigerating chamber block consists of
4 blocks separated by expansion joints. 3 blocks have the dimensions of 72 x 120 m and 1 block has
the dimensions of 96 x 120 m. The foundations are reinforced concrete piles, bush foundations with
prefabricated grids. Compression piles, cross-section 500 x 500 mm. The depth of the base of the
piles is 5.8 m below the ground surface. Monolithic gratings are made on pile bushes, on which
reinforced concrete cups 2400x1800x1200 mm are mounted under prefabricated reinforced concrete
columns. The frame is made of prefabricated reinforced concrete columns with a length of 14.4 m.

Figure 1 shows the types of failure of prestressed flexural elements subjected to dynamic
loading and temperature effects from fire, as well as unstressed reinforced concrete columns.

It should be noted that at this
time, the damaged elements of the
building have been dismantled and
removed. Currently, work is being
carried out to strengthen the preserved
structures and a project is being
developed to restore the refrigerator
building.

An analysis of the effect of
dynamic load and temperature on the
structure of the refrigerator was made,

] ) depending on the location relative to
Fig. 1. Types of failure of prestressed flexural elements the places where the ammunition hit.

1. DSTU-N B V.1.2-18 2016 Nastanova z obstezhennia budivel i sporud dlia vyzanchennia ta otsinky yikh
tekhnichnoho stanu.
2. DBN V. 1.2.-5:2007. «Naukovo-tekhnichnyi suprovid budivelnykh obiektiv». K., 2007
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Po3BuTOoK Teopii Bidpauiiinux MamuH OyaiBeabHOI iIHAyCTpIl

lean Hazapenxo, 00km.mexu.HayK, 3a6i0yeay kageopu mawiun i 001a0HAHHS MEXHOI02IUHUX
npoyecis http://orcid.org/0000-0002-1888-3687
Onez J[edoe Ookm.mexH.HayK, npogecop Kagedpu mawiun i 0OIAOHAHHS MEXHONIOSIYHUX
npoyecis http://orcid.org/0000-0001-5006-772X

Kuiscokuil nayionansnuil ynieepcumem 6yoisnuymea i apximexmypu (m. Kuig)

Mera nOCHiJUKEHHS — METOJMKa MOOYHO0BH PO3BUTKY Teopii BiOpauiiHUX TEXHOJOTIYHHX
MAIllFH 1 MPOLECIB HA BUXIJHHUX TOJOXKEHHSX KOPEKTHOTO BiJOOPa)XKEHHS PEalbHOro MpOoLecy y
(dopmyBaHHi (Pi3HIHOT T MATEMATHIHOI MOJIEII.

EdexruBHicTh BiOpanifHUX TEXHOJOTTYHUX MAIIMH 1 IPOIECciB OyiHIyCTpii 3HAYHOIO MipOIO
BU3HAYAETHCSI KOPEKTHUM BPaxXyBaHHSIM THX IapaMeTpiB 1 XapaKTEpPHCTHUK, sIKi 3a0e3NnedyroTh
BIJNOBIIHICTh AIHCHUX MapamerpiB podOUYOro Ipouecy po3paxyHKOBUM. HalBayJIMBIIMMHU €
3HAHHS IPOIIECY, peabHe BiATBOpEHH: (i3nuHOi Ta MaTeMaTudHOI Mozeni. Bussnerno, mo mix gac
BiOpariiiHoro po6oYoro mnpoiecy BiJOYBAEThCS B3a€EMOBIUIMB MAIIMHU 1 0OpOOJIOBAILHOIO
cepeloBHUINA Ha TXHIN 3arajabHUM CIUTBHUNA PYX.

JlpyryM Ba)KITMBHM €JIEMEHTOM PO3BHUTKY TEOPil BIOpAifHNX TEXHOJIOTIYHUX MAIIHH Ta
YCTaHOBIICHHS €()EKTUBHUX PEXUMIB € LUIECIIPSIMOBAHE BPaXyBaHHs BHYTPILIHIX IPYKHUX
BIIACTUBOCTEH 3arajbHOI CHCTEMH «MalllHA — 00pOOIIIOBAIBHE CEPEIOBUILEY.

Bi0pariiiina cucrema (MalIMHa-CEPEIOBHINE) XaPaKTEPU3Y€EThCs 3B’A3HICTIO il €JIEeMEHTIB,
KEpOBAHICTIO, 3MIHIOBAHICTIO Ta 1€papXiuHiCTIO, TOOTO MOMKIIMBICTIO PO34JICHOBYBaHHs Ha piBHIi. L{e
JO3BOJIJIO 3aCTOCYBAaTH IIPU TEOPETHYHHX MOCHIUKEHHSX Ta  CTBOPEHHI MalMH OJI0OYHO-
iepapXiuHUi MiAXiJ, PO3AUISIONM CKJIAAHY HpoOsieMy Ha psij IMOCHIZOBHO BHPILIYBaHUX 33ja4
MEHIIOI CKJIagHOCTI. PO3po0ieHo MeTon MpUBEAEHHS BiJ CKIAJHUX AUCKPETHO — KOHTHHYAIBHUX
CHCTEM JI0 IUCKPETHHX i3 30€peKEHHsIM BIUTUBY XBUIIbOBHX siBULL OeToHHOT cymimti [1] (puc.1).

a 6 8

Puc.1. Cxema peaykuii po3paxyHKOBOI Mo/eJIi CHCTeMa KMALIHHA — CepeI0BHILe»:
a — 3arajpHa; O — Teplua peayKiis; 6 — apyra peaykuis; Xi...Xs — KOOPAHHATH MEPEMIIICHb CKIaT0BUX
BiOpauiiioi cucremu; Fi...F3 — 30BHIiwHI cuim; ¢,b — koeditientn npyxHocti Ta qucunanii

[linBuieHHs e(peKTUBHOCTI BiOpaliiHMX MAalIMH JOCATA€THCS IIUIIXOM CTBOPCHHS
KOHCTPYKTHBHUX CXeM 3 e()eKTHBHUM BHKOPHCTAHHSM CHEprii,ll[0 MaKCUMAIBHO ITiJBOAUTHCS 10
Cepe/IOBHUINA B PE30HAHCHUX pekumax. HamiliHicTh BiOpamiiHUX MalIvH Pi3HOTO TEXHOJIOTIYHOTO
NpHU3HaueHHsT 3a0e3MedyeThCsl BU3HAYCHHSIM HAIPYKeHO-Ie(OPMOBAHOTO CTaHy poOOUHMX OpraHiB
Ta CepPeIOBHIL, SIKi 3HAXOSITHCS B PIBHOSHAYHHUX yMOBAX IIiJL JI€I0 HaBaHTaXeHb[2].

1. Hasapenko LI. Ilpuknagni 3amgaui Teopii Bibpariiinux cucrem: HapwanbHuit mociOHuk (2-e¢ Bumanus), K.:
KHVBA, 2007. — 252¢.

2. Dynamic processes in technological technical systems. Edited by lvan Nazarenko. Monograph. Technology
Center. Kharkiv, 2021. — 179p
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Development of the theory of vibrating machines in the construction industry
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Oleg Dedovdoctor of technical sciences, professor of the department of machines and
equipment of technological processeshttp://orcid.org/0000-0001-5006-772X

Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the research is the construction methoddevelopmenttheories of vibrating
technological machines and processes at the starting positions of the correctreflection of the
realprocess in the formation of a physical and mathematical model.

The effectiveness of vibrating technological machines and processes of the building industry
is largely determined by the correct consideration of those parameters and characteristics that
ensure the compliance of the actual parameters of the work process with the calculated ones. The
most important are the knowledge of the process, the real reproduction of the physical and
mathematical model. It was found that during the vibration work process there is a mutual influence
of the machine and the processing environment on their general joint movement.

The second important element of the development of the theory of vibrating technological
machines and the establishment of effective modes is the purposeful consideration of the internal
elastic properties of the general system "machine - processing environment".

The vibration system (machine-environment) is characterized by the connectivity of its
elements, controllability, changeability and hierarchy, that is, the possibility of dismemberment at
the level. This made it possible to apply a block-hierarchical approach to theoretical research and
the creation of machines, dividing a complex problem into a series of sequentially solved tasks of
lower complexity. A method of conversion from complex discrete-continuous systems to discrete
systems with preservation of the influence of wave phenomena of the concrete mixture has been
developed [1] (Fig. 1).

Fig. 1. Scheme of reduction of the calculation model of the ""machine - environment™ system:
and- general; b — first reduction; ¢ — second reduction; X1...X4 — coordinates of movements of components
of the vibration system; F1...F3 - external forces; c,b are coefficients of elasticity and dissipation.
Increasing the efficiency of vibration machines is achieved by creating structural schemes
with efficient use of energy, which is maximally supplied to the environment in resonant modes.
The reliability of vibrating machines of various technological purposes is ensured by determining
the stress-strain state of working bodies and environments that are in equivalent conditions under
the action of loads [2].

1.Nazarenko I.1. Applied problems of the theory of vibration systems: Study guide (2nd edition), K.: KNUBA, 2007.
—252p.

2.Dynamic processes in technological technical systems. Edited by Ivan Nazarenko. Monograph. Technology
Center. Kharkiv, 2021. — 179p
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MopesiroBaHHS pO0OTH JepPeBOHI3IPIOBATO0ETOHHUX MPOJITHUX
KOHCTPYKTHBHHUX €J1eMeHTiB Mi/l HABAHTAKEHHAM

FOpiit @amynar', kano. mexu. nayk, doyenm, https://orcid.org/0000-0003-3044-5513
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Ulvsiscoruii nayionanvnuii ynisepcumem npupodoxopucmysanns (m. JToeie)
2Hayionanvnuii ynisepcumem «JIvgiscoka nonimexnixa» (m. JIvsie)

B OyniBeinbHIill rany3i CHOrOJCHHS 3HAYHY yBary NPHAUIAIOTH IMUTAaHHIO PEKOHCTPYKILII Ta
peBitanizauii OyaiBesns i cnopya. Lle nuTanHs akTyalibHe /Ul HassBHUX YM 3aHe0aHnX BUPOOHUUMX
a0o0 rpomajchkux Oy[iBesb, B MPOLIECI BIAHOBJICHHS OyIiBelb, SIKI MAlOTh HE JIMIIE ICTOPUYHY,
HayKOBY YHM MY3€iHY I[IHHICTh Ta CTa€ OCOOJMBO aKTYaJbHUM ChOTOJIHI, aJDKEe THCsUi OyJiBenb
3a3Ha/IU MOIIKOKEHb ITiJ] Yac BOEHHHX Aiil. B mporeci Takux po0iT 9acTo AOBOAUTHCS HOEIHYBATH
pi3HI Martepiany B oqHOMY Hepepi3i. TOMy KOHCTPYKTHBHI €IE€MEHTH, IO HOEIHYIOTh MILTHICTB i
JIOBrOBIYHICTH OJHOTO MaTepiany 3 (akTypHOIO NPHUBAOIMBICTIO Ta JErKICTIO iHIIOro, Oynu O
LiKaBUMU Ta JOPEYHHMH 3a Takux oOcraBuH. [0 Takoro o0’e€mHaHHS, SKE MOXKHA BHKOPUCTAaTH y
MPOJIITHUX KOHCTPYKIIISIX, MOYKHA BIJIHECTH TaKi, Ha TEPILUIl MOTJISA HEIOEHYBaHI MaTepiaii, K
OeToH Ta gepeBo. beToHHa wacTMHA Takoro mepepisy Moxke OyTH BUKOHAHA HE JIUIIE 3 BaXKKHX
OeTOHIB, aJe 1 Hi3PIOBATHUX.

Bigomi cborogHi po3poOku  31e0UIBIIOTO  CTOCYIOTHCS KOHCTPYKTHBHHMX —€JICMEHTIB,
BUKOHAHMX 3 OJHODINHMX MarepiamiB, a came: 3ali300eTOHy, MeTaly, AEpeBa, MONTIMEPHHUX
MatepianiB Tomo. KOHCTpYKTHBHI eJleMEHTH B Mepepi3i SKUX IO€/IHAaHi, Ha IEPIINA OIS
HEeCyMiCHI MaTepiall, JOCTIKCHI HEZOCTaTHBO 1 TOMY HE 3HAMIIIM IIMPOKOrO 3aCTOCYBAHHA y
OyniBeNbHINA MpakTHili. SIK BHUKJIIOYESHHs, MOYKHA 3raJlaTd CTajJeOCTOHHI Ta MeTajo-IAepeB’siHi
KOHCTPYKIIT. IIpororunom JOCII/DKYBAHUX ~ JEPEBOHI3APIOBATOOCTOHHUX  HPOJITHUX
KOHCTPYKTUBHUX €JIEMEHTIB OyJu JIepeBOOCTOHHI OajkH, sKi y CBili 4ac JOCHIPKYBAJIUCh IIiJ|
KEPIBHUIITBOM JI.T.H., ipodecopa Jemunuu B.I. [1].

Jns mocnimkeHHs: Oyiio 3ampornoHOBaHO B OJHOMY Iepepisi MOeAHATH JOCTaTHHO Pi3HI JiBa
KOHCTPYKTHBHI Marepianu, sKi TaKoX KapJUHAJIBHO PI3HATBECS 3a CBOIMH BJIACTHBOCTSIMH,
MIIHICTIO, JIOBIOBIYHICTIO TOLIO — JAEPEBHHY Ta Hi3aproBatuii OetoH. PoGouoro apmaryporo
JOOCTITHUX OaloK CIyryBajla JAepeB’sHa Oomka abo Opyc, sKi po3MillyBanu y HaHOLIBII
PO3TATHYTIH YacTHUHI MONEPEYHOro Mepepisy JAepeBOHI3APIOBATOOCTOHHOT MPOJIITHOT KOHCTPYKIIIi.
Le nosBommmo 3a0e3NmeUUTH KOHCTPYKTHBHOMY €JIE€MEHTY JOCTaTHIO HeCydy 3JaTHICTh, a
BHKOPHCTAHHSI Hi3PIOBATOr0 GETOHY — HeoOXiHi TeruoTexHiuni Bumoru [2]. Take KOMIIOHYBaHHS
repepizy TakoX JI03BOJISIE IEPeB’ ssiHY YaCTHHY BUKOPHUCTOBYBATH B POJIi HE3HIMHOT onainyOKu.

ExcniepuMeHTanbHO-TEOPETHIHE JOCTIKCHHS 3aIPOIIOHOBAHUX JePEBOHI3IPIO-
BaTOOCTOHHUX MPOJITHUX KOHCTPYKTHBHHMX €JEMCHTIB OyJI0 BHKOHAaHO 3a JOIOMOIOIO
KOMIT FOTEPHOTO MOJIeJIIoBaHHs, BHKopuctoByroun mporpamy ANSIS. B mpoueci nocmimpkeHHs
OyJIO 3alpPOEKTOBAHO Ta 3MOJEIBLOBAHO POOOTY HU3KH ICPEBOHI3APIOBATOOCTOHHUX JOCIITHUAX
Oanmok. OO’enHaHHS HI3APIOBATOOCTOHHOI Ta JEPEeB’SHOI YacTUH Iepepidy  MPONITHUX
KOHCTPYKTHUBHUX €JIEMEHTIB OyJI0 BHKOHAHO 3a JIOIIOMOTOIO OYAIiBEIBbHHMX LBSIXIB UM METAICBHX
ck00. LIBsxu Ta ckoOH, KpiM 00’ €qHYBaIBHOI (YHKLII, BUKOHYBAIM TaKOX POJIb IONEPEYHOTO
apMyBaHHS JOCIIIHUX JI€PEBOHI3IPIOBATOOCTOHHUX OanoK. 3MIHHMMHU BeJIMYMHAMU OyJIM: HAXWI
LBSIXIB JI0 BEPTUKAJI, BUCOTa METAJIEBUX CKOO Ta TOBIIMHA JepeB’sHOT yacTHHY nepepisy. docminHi
3pas3KH, B IIPOLIECT MOJIEIIOBAHHS, 3aBAaHTAXXKYBaJIM JBOMA 30CEPEDKEHUMHU CUIAMH, MTPUKIIAJAEHUMHI
Ha BEpXHil IpaHi JOCIITHOTO OAIKOBOTO 3pa3Ka.

1. 10. ®amymsik, b. Jlemunna, X. Jemuuna. J[ochmiukeHHs Hecydoi 31aTHOCTI Ta Je)OPMATHBHOCTI 3rHHAHUX
nepeBoberonnnx Oanok. Bicuuk JTHAY Ne 19 “Apxitextypa i cinbcbkorocnogapeske OyaiBHuiTBo”. — JIbBIiB!
JIHAY. - 2018. - C. 61 - 69.

2. TlareHt Ykpainu Ha KopuCHY mozaenb, U2019 02521 MIIK (2019.01) E04C 5/00, E04C 5/02 (2006.01), E04C

3/20 (2006.01). [lepeBorasoberonna Gaka / @amyssk 10.€.; 3as8H. i narenroBinacuuk JIbBIiB. Hall. arpap. yH-T —
Ne136332, zassi. 14.03. 2019; omy6u1. 12.08. 2019. Bron. Ne 15.
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The construction industry today pays considerable attention to the reconstruction and
revitalization of buildings and structures. This issue is relevant for existing or abandoned industrial
or public buildings, in the process of restoring buildings that have not only historical, scientific, or
museum value. The issue of restoring buildings is becoming especially relevant today, as thousands
of buildings were damaged during the war. The ways to solve such problems are quite diverse, as
they depend on many factors. In the process of such work, it is often necessary to combine different
materials in one section. Therefore, structural elements that combine the strength and durability of
one material with the textural appeal and lightness of another would be interesting and appropriate
in such circumstances. Such a combination, which can be used in span structures, includes such
seemingly incompatible materials as concrete and wood. The concrete part of such a section can be
made not only of heavy concrete but also of cellular concrete.

The developments known today mostly concern structural elements made of homogeneous
materials, namely reinforced concrete, metal, wood, polymeric materials, etc. Structural elements
with cross-sections that combine seemingly incompatible materials have not been studied
sufficiently and therefore have not been widely used in construction practice. As an exception, we
can mention steel-concrete and metal-wood structures.

The prototype of the studied wood-cellular-concrete span structural elements were wood-
concrete beams, which were studied under the supervision of Doctor of Technical Sciences,
Professor B. Demchyna [1].

For the study, it was proposed to combine two quite different structural materials in one
section, which also differ radically in their properties, strength, durability, etc. — wood and cellular
concrete. The working reinforcement of the experimental beams was a wooden board or beam,
which was placed in the most stretched part of the cross-section of the wood-cellular-concrete span
structure. This made it possible to provide the structural element with sufficient load-bearing
capacity, and the use of cellular concrete met the necessary thermal requirements [2]. This cross-
sectional arrangement also allows the wooden part to be used as a fixed formwork.

The experimental and theoretical study of the proposed wood-cellular-concrete span structural
elements was carried out by computer modeling using the ANSIS program. In the course of the
study, a number of wood-cellular-concrete test beams were designed and modeled. The connection
of the cellular concrete and wooden parts of the cross-section of the span structural elements was
made using construction nails or metal brackets. Nails and staples, in addition to their unifying
function, also served as transverse reinforcement of the experimental wood-cellular-concrete beams.
The variables were: the inclination of the nails to the vertical, the height of the metal brackets, and
the thickness of the wooden part of the section. During the modeling process, the test specimens
were loaded with two concentrated forces applied on the upper face of the test beam specimen.

1. Famulyak Y., Demchyna B., Demchyna H.. Investigation of bearing capacity and deformability of bent wood-
concrete beams. LNAU Bulletin No. 19 "Architecture and Agricultural Construction.” — Lviv: LNAU. — 2018. — P.
61 -69.

2. 2. Patent of Ukraine for utility model, u2019 02521 IPC (2019.01) E04C 5/00, E04C 5/02 (2006.01), E04C 3/20
(2006.01). Wood-gas-concrete beam / Famulyak Y.E.; applicant and patentee Lviv National Agrarian University —
Ne136332, declared 14.03.2019; published 12.08.2019. Bulletin No. 15.
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Po3paxyHok IIMPHHM PO3KPUTTS NOXHIIMX TPILLMH BY3J/1iB HEPO3Pi3HUX
0aJI0K 3 apMaTypoOI0 HANIPY:KEHOI0 HA 0eTOH

Onexcandp Kozak, xano. mexu. Hayk, OooyeHm Kaghedpu 3anizobemoHHux ma Kam’siHux
xonempykyiil, https://orcid.org/0000-0002-0025-6554

Kuiscokuil nayionansnuti ynisepcumem 6yoisnuymea i apximexmypu (m. Kuig)

3rinno ICTY b B.2.6.-156:2010 mmpyHa TpinmH Wk MOXKE BU3HAYATUCh 32 BUPA3OM:
Wk = Srmax (&sm — &cm) 1)
Ie: Srmax — MAKCHMaJIbHHUN KPOK TPIlHH;

&sm — cepeiHi gedopmallii B apMaTypi IpH BiIIOBIIHOMY CIIOJy4EeHHI HAaBaHTaXKEHb,
BKJIIOYHO 3 BIUIMBOM MPHKIaAeHUX AedopMaliil Ta IpH BpaxXyBaHHI BIUIUBY JXOPCTKOCTI IIPH
po3Tsry. BpaxoByroThest TUIBKY JOAATKOBI AedopmMaii po3Tiry, o MaloTh Micie npu aepopmarii
0eTOHy Ha TOMY K PiBHI BUILE HYJI.

gem — cepeiHs Tedopmaltisi 0eTOHY MiX TPILIIHHAMH.

3navenss (esm — &cm) MOKe Bu3HavaThch 3a Bupasom JCTV i3 ypaxyBaHHs OOTHCKY Bi

KPUBOJIHIHHOT HAIIPY>KEHOI apMaTypu:

sw

f
O k2 (14 a0, )0,
&sm — Eem = Pott >0, Gg 2

KpuBoninidHa )
Hanpyxybaxa apmamypa

Puc. 1. Po3paxyHKoBa MOZIENIb TPAHIYHOTO CTAHY Ha CTaii YTBOPEHHS MOXIINX TPILIH
BHKOHABIIM TEOPETHYHI PO3PAXyHKH MIHPUHU POKPHUTTS TPIIMH BiAMOBITHO 10 hopMyIn
(1), oTpuMasy 3HAYEHHS PO3KPUTTS TPIIIMH HA KOXKHIM cTaii HABAHTAXCHHSI TOCIIIIHUX 3Pas3KiB.
B tabmumi 1 HaBeneHO OPIBHAHHS TCOPETHYHUX TA CKCIEPUMEHTATBHUX 3HAUYCHb MIHPUHU
PO3KPUTTS TPIlMH.

Tabmuusa 1
3&2);?3 Hapanrasenns P, kH 3nauenns uupunu poskpurts Tpimmu Wy, Mm
ExcrniepumMenTaiibHe Teopetnune
Kb-1 32...36 0,16...0,3 0,2...0,237
Kb-2 52...56 0,24...0,3 0,31...0,36
KB-3 52...56 0,23...0,29 0,313...0,362

3a pesynbTaTaMy MOPIBHSUIBHOTO aHANI3y SKCICPUMEHTAIBHUX Ta TEOPETHYHUX 3HAYCHb
LIMPUHY PO3KPHUTTS TPIIIMH BCTAHOBJCHO, IO pIi3HMOS MK HHMH Juii 3paskiB cepii Kb-1
craHoBUTh 25...26,6 %, mist cepii Kb-2 — 20,0...29,2 %, ans 3paskis cepii Kb-3 — 24,8...36%.

1. O. Kozak, O. Zhuravskyi. Experimental research of the influence of curved reinforcement steel without adhesion
to the concrete on the bearing capacity of inclined sections at post-tensioning // USEFUL online journal, vol. 2, no.
2, pp. 34-41, Jun. 2018. DOI: https://doi.org/10.32557/useful-2-2-2018-0004.

2. O.Kozak, O.Zhuravskyi, M.Delyavskyy. Effect of the pre-stressed reinforcement curvature on the bearing
capacity of inclined sections of monolithic beams // AIP Conference Proceedings 2077, 020027 (2019);
https://doi.org/10.1063/1.5091888 Published Online: 21 February 2019.
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Experimental research of the flat reinforced concrete slab with strengthening
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Oleksandr. Kozak, candidate of technical sciences, Associate Professor of the Department of
Reinforced Concrete and Stone Structures
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According to DSTU B V.2.6.-156:2010, the crack width wk can be determined by the
expression:
Wk = Sr,max (&sm — &cm) Q)
Sr,max — maximum crack pitch;
esm — average deformations in the armature with the appropriate combination of
loads, including the influence of the applied deformations and taking into account the influence of
tensile stiffness. Only additional tensile deformations that occur when the concrete is deformed at
the same level above zero are taken into account.
The value (esm — ecm) can be determined by the DSTU expression, taking into account the
compression from the curved tension armature:

Osw — kt fc‘i(l-'— aepp,eff )_ ch

&sm — &em = Pt >0, 6% (2)

KpuBoninidHa
nanpyxybana apramypa

Fig. 1. Calculation model of the limit state at the stage of formation of inclined cracks
After performing theoretical calculations of the crack opening width according to formula (1),
we obtained the value of the crack opening at each stage of loading of the test samples.
Table 1 shows a comparison of theoretical and experimental values of crack opening width.

Table 1
A s(()efrles Load P, kN The value of the crack opening width W, MM
samples Experimental Theoretical
KB-1 32...36 0,16...0,3 0,2...0,237
KB-2 52...56 0,24...0,3 0,31...0,36
KB-3 52...56 0,23...0,29 0,313...0,362

According to the results of a comparative analysis of the experimental and theoretical values
of the crack opening width, it was established that the difference between them for samples of the
KB-1 series is 25...26.6%, for the KB-2 series - 20.0...29.2%, for samples of the KB series -3 —
24.8...36%.

1. O. Kozak, O. Zhuravskyi. Experimental research of the influence of curved reinforcement steel without
adhesion to the concrete on the bearing capacity of inclined sections at post-tensioning // USEFUL online journal,
vol. 2, no. 2, pp. 34-41, Jun. 2018. DOI: https://doi.org/10.32557/useful-2-2-2018-0004.

2. 0.Kozak, O.Zhuravskyi, M.Delyavskyy. Effect of the pre-stressed reinforcement curvature on the bearing
capacity of inclined sections of monolithic beams // AIP Conference Proceedings 2077, 020027 (2019);
https://doi.org/10.1063/1.5091888 Published Online: 21 February 2019.
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HemetajsieBa KoMIo3uTHa 0a3ajbTOBA apMaTypa Ta 0a3ajabToBa (idpa s
apMyBaHHS1 0€TOHHUX KOHCTPYKUiH TPAHCIIOPTHUX CIOPY/

I20p Baosak, kano.mexu.HayK, C.H.C., 3a68i0y8ay 800y OOCIIONCEHb MOCHOBUX KOHCMPYKYILL,
https://orcid.org/0000-0002-3732-2439

epoicasne nionpuemcmeso «/lepocasruii dopodiciti Haykoso00ocaionuti incmumym im. MLIT. Hlynveina»
(m. Kuig)

3HaYHI BUTPATH Ha 3aXHUCT Ta PEMOHT 3aJIi300€TOHHMX KOHCTPYKIii MOCTIB MOB’s3aHi 3
KOpO3i€l0 MeTalleBOl apMaTypH. 3aCTOCYBaHHS HEMETaJeBOI KOMIIO3UTHOI 0a3albTOBOI apMaTypu
(HKBA) mnepioguunoro mpodimo ta ¢ibpy € NepcreKTHBHUM MPHHLIUIIOBUM PILICHHSAM L€l
npo6siemu. TeXHIYHI XapaKTEePUCTUKHU JI03BOJISIIOTH 3aCTOCOBYBaTH 0a3albTOBY apMaTypy Ta (Gidopy
JUISL MOCTIB, L[EMEHTOOCTOHHOTO MOKPUTTS aBTOMOOUIBHMX AOPIT, B IHIIMX KOHCTPYKIISX, SIKi
3a3HAIOTH BILUTMBY arpECHBHUX CEPETOBHUIIL.

Edexr Bin Bukopuctanus 0azanbToBoi apmarypu Ta (GiOpu OTPUMYIOTh, 30KpeMa, 3aBJISKU
BIZICYTHOCTI IIEBHUX BUJIIB KOPO3ii apMaTypH Iij 4ac eKCILTyaTarii.

Pazom 3 Tum, Bukopucranus HKBA mnepiogmunoro npodimto ta ¢iOpH, BHTOTOBICHHX 3
0a3aIbTOBHX BOJIOKOH, CTPHUMY€ETBCS BIICYTHICTIO JOCTATHBOI KUIBKOCTI JOCBiNy iX 3aCTOCYBaHHS B
00’€eKTax Oy[iBHUIITBA, BIACYTHICTIO B HOPMax Ha MPOCKTYBAHHS TPAHCIIOPTHHUX CIIOPY/I.

OCHOBHUM JJOKYMEHTOM, SIKMH MiCTUCh NPUHIMIM BUKOPUCTAHHSA apMaTypH A apMyBaHHs
OCTOHHUX KOHCTPYKIiH MOCTIB Ta TpyO Ha manuii yac € JIbH B.2.3-14. BianoBigHo, MOXIUBUM €
BHUKOPUCTAHHS PI3HUX BHJIB, KjaciB apMaTypu. /s 6aratb0X KOHCTPYKIiH HOPMH Tepe/10aqaroTh
MOXIUBICTh BUKOPHCTAaHHS, KpIM 1HIINX, MeTaneBy apMarypy 3rigHo 3 JJCTY 3760. Apmarypy 3a
I'OCT 5781-82 He MOXXHa BHKOPHCTOBYBaTH d4epe3 BTpary #oro umnHOcti, JACTY 9130 He
3rafyeThCcsi B HOPMax.

OCHOBHHUM JJOKYMEHTOM, SIKHI MiCTUCH NPUHIUIM BUKOPUCTAHHS apMaTypH I apMyBaHHS
OCTOHHMX KOHCTPYKII [IEMEHTOOETOHHOTO IMOKPUTTS aBTOMOOIUIBHMX JOpIr Ha JaHUM 4Yac €
I'BH B.2.3-37641918-557. IlonoeHHs ILIOA0 BIAIUTYBAHHS IEMEHTOOCTOHHOTO TOKPHUTTS
Bcradnosieno  JICTY-H b B.2.3-36.  Biamoeimno g0 I'BH  B.2.3-37641918-557, s
LIEeMEHTOOETOHHOI0 MOKPHUTTSI MOXKHA BMKOPHCTOBYBaTH Jjuiue apmatypy 3rizHo 3 JICTY 3760.
Mo>KIINBO BHKOPHUCTaHHS KoMIIo3uTHOI apmatypu 3a JICTY-H b B.2.6-185 nume juis mTupboBUX
3’€IHaHb. AJITEPHATHBOIO METaJleBid apMaTypi Ui MOCTIB, TPyO, EMEHTOOCTOHHOTO MOKPHUTTS
aBTOMOOLIBHUX JOPIT MOXe cTaTH, 30kpema, HKBA.

Jns moxmmBocti Bukopucranass HKBA Tta 6asameToBoi ¢hibpm s apMyBaHHS OCTOHHHX
KOHCTPYKI[I TpPaHCIOPTHUX CIOpPYJ IPOBEIEHO IOCHIIKEHHS 3 BHU3HAYEHHS HEOOXiTHUX
XapakTepucTHK. Po3pobneHo kinacuGikalio apMaTypH,; BCTAHOBJICHO BHMOTU O T'€OMETPHYHHUX
pPO3MIpiB, MacH Ta KOJbOPY; BCTAHOBICHO BHUMOTH JO ()i3MKO-MEXaHIYHHX XapaKTePHUCTHK;
BCTAHOBJICHO BUMOTH JIO CHPOBHHU Ta MarepialliB, sKi BUKOPUCTOBYIOTH il 4ac BHPOOHHUIITBA
apmarypu. Pospo0ieno crammaprt JCTY b B.2.7-312, ne BCTAQHOBICHO TEXHIYHI BHUMOTH JIO
apMartypH, BHUTOTOBIEHOI 3 OasambroBux BosokoH; JICTY 9062, ne BCTaHOBIEHO MOPSIOK
BUKOHAHHS POOIT i3 BUIPOOYBaHHS apMaTypH, NPU3HAYCHOI U1 BHKOPHCTAHHS B JOPOXKHIX 1
MOCTOBHX KOHCTPYKIisiX. sl MOXJIMBOCTI IPOEKTYBaHHS MOCTIB Ta TpyO po3pobiieHo
P B.2.3-03450778-846. Jlns MOXJIMBOCTI NPOEKTyBaHHS Ta OyIIBHULITBA LEMEHTOOETOHHOIO
MIOKPUTTS aBTOMOOUIBHUX Topir po3podiaeno COY 42.1-37641918-091.

Jlist OibII MIMPIIOrO BUKOPHUCTaHHs 0a3alibTOBOI apmarypu Ta ¢ibpu HeoOXigHO Oyne, B
MOJANIBIIIOMY, BHECTH 3MiHH B HOPMHU Ha IPOCKTYBAaHHA Ta OyAIBHULITBO TPAHCIIOPTHUX CHOPYI.

1. ICTY 9062-2020 Apmarypa HemeTajaeBa KOMIO3WTHA Ul JOPOXKHIX Ta MOCTOBHX KOHCTPYKiil. Meroau
BHIPOOYBaHb.

2. ICTY b B.2.7-312:2016 Apmarypa HemeTaneBa KOMIO3WTHA 0a3anbToBa MepioguuHoro mpodimo. 3aranbHi
TEXHIYHI YMOBH.
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Non-metal composite basalt reinforcement and basalt fiber for
reinforcement of concrete structures of transport buildings

Ihor Babyak, candidate of technical sciences, senior researcher, head of the department of
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M.P. Shulgin State Road Research Institute State Enterprise — “DerzhdorNDI”” SE, Kyiv, Ukraine

Significant costs for the protection and repair of reinforced concrete bridge structures are
associated with corrosion of metal fittings. The use of non-metallic composite basalt reinforcement
(NCBR) of a periodic profile (it is type of FRP reinforcement) and fiber is a promising principled
solution to this problem. The technical characteristics allow the use of basalt reinforcement and
fiber for bridges, cement-concrete pavement of highways, and other structures exposed to
aggressive environments.

The effect of using basalt reinforcement and fiber is obtained, in particular, due to the absence
of certain types of corrosion of the reinforcement during operation.

At the same time, the use of NCBR periodic profile and fiber made of basalt fibers is
restrained by the lack of sufficient experience in their application in construction buildings, the
absence of norms for the design of transport buildings.

Currently, the main document that contains the principles of using reinforcement for
reinforcing concrete structures of bridges and pipes is DBN B.2.3-14. Accordingly, it is possible to
use different types and classes of reinforcement. For many structures, the norms provide for the
possibility of using, among others, metal reinforcement in accordance with DSTU 3760.
Reinforcement according to GOST 5781-82 cannot be used due to the loss of its validity,
DSTU 9130 is not mentioned in the norms.

Currently, the main document that contains the principles of using reinforcement for
reinforcing concrete structures of cement-concrete road pavements is GBN V.2.3-37641918-557.
Provisions regarding the arrangement of cement concrete covering are established by
DSTU-N B V.2.3-36. According to GBN B.2.3-37641918-557, only reinforcement according to
DSTU 3760 can be used for cement concrete coating. It is possible to use composite reinforcement
according to DSTU-N B V.2.6-185 only for pin connections. An alternative to metal reinforcement
for bridges, pipes, cement-concrete pavement of highways can be, in particular, NCBR.

For the possibility of using NCBR and basalt fiber for reinforcing concrete structures of
transport buildings, a research was conducted to determine the necessary characteristics. The
classification of reinforcement has been developed; requirements for geometric dimensions, weight
and color are established; requirements for physical and mechanical characteristics are established;
requirements for raw materials and materials used during the production of reinforcement are
established. The DSTU B V.2.7-312 standard has been developed, which establishes the technical
requirements for reinforcement made of basalt fibers; DSTU 9062, which establishes the procedure
for testing reinforcement intended for use in road and bridge structures. R V.2.3-03450778-846 was
developed for the possibility of designing bridges and pipes. SOU 42.1-37641918-091 was
developed to enable the design and construction of cement-concrete road pavements.

For the wider use of basalt reinforcement and fiber, it will be necessary, in the future, to
introduce changes in the norms for the design and construction of transport buildings.

1. DSTU 9062-2020 Armatura nemetaleva kompozytna dlia dorozhnikh ta mostovykh konstruktsii. Metody
vyprobuvan.

2. DSTU B V.2.7-312:2016 Armatura nemetaleva kompozytna bazaltova periodychnoho profiliu. Zahalni
tekhnichni umovy.
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MoMeHTHA cXxeMa CKiHYeHUX eJIeMEHTIiB B reOMEeTPUYHO Ta
(dizuunHo HediHiliHNX 3a1a4yax nedopMyBaHHS BiceCMMEeTPHUYHHX TiJI
o0epTaHHs 3 ypaxXyBaHHSIM KOHTHHYAJIbHOTO PYHHYBaHHS
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https://orcid.org/0000-0002-2367-3086

lean Mapmumniok, Kano. mext. HayK, OOKMOPanm, Kkageopa 6yOieeIbHOI MeXaniKu
https://orcid.org/0000-0001-7957-2068

Onexcandp Makcum’ w0k, acnipanm, kageopa 6ydisenvHol MexaHiku
https://orcid.org/0000-0002-2367-3086

Kuiscokuil nayionansnuii ynieepcumem 0yoienuymea i apximekmypu (m. Kuie)

3HauyHa KUIbKICTh BIJNOBIJAJBHUX EJIEMEHTIB KOHCTPYKLIlM, MI0 SBISIIOTH COOOI0
BiCECHUMETPUYHI Tija oOepTaHHs, B IPOLECI BUTOTOBJECHHS 1 EKCIUIyaTallii TepIUISATh BEITHKHUX
(opMO3MiHEHb, SKI HEPIIKO HPOXOAATH NPU IiJBHUIICHUX HEPIBHOMIPHO-PO3NOAIIEHHX B 00‘eMi
Marepiany TemmepaTrypax, IO MPU3BOAUTH A0 3MIHM (I3UKO-MEXaHIYHUX XapaKTEPUCTHK
Marepiany i OJHOYACHOI0 BHHHUKHEHHs edopMalliii IiacTHYHOCTI 1 moB3yvocti. BuzHaueHHs
HECyuoi 3aTHOCTI IUX 00’ €KTIB MOTpeOye po3B’s3aHHS 3aa4d TEPMOB’ SI3KOMPYKHOIUIACTUYHOCTI 3
ypaxyBaHHSM IOLIKOJDKEHOCTI MaTtepiany. BiporiiHicTh po3B’si3aHHS TakuX 3a/a4 MEXaHiKH
ne)opMOBAHOTO TBEPIOTO TiJIa CYTTEBO 3aJ€KUTH BiJl a€KBATHOCTI BUKOPUCTOBYBAHHUX (DiI3ZUUHHX
CHIBBITHOILICHb PO3IJIAYBAaHUM TIpolecaM JeopMyBaHHS Matepiany, 30KpeMa ypaxyBaHHs
HasSBHOCTI BEJMKHX JiehopMalliil Ta MOMIKOIKEHOCTI MaTepiaiy.

Iponec HakommdeHHS AedopMaliii MOB3YUOCTI CYHNPOBOMKYEThCA IOSBOIO B MaTepiaii
MIKPOCKOMIYHHX XAOTHYHO OpieHTOBaHHMX naedekTiB. s ypaxyBaHHS iX BIUIHBY Ha Hecydy
3[0ATHICTh Marepianmy OyJo 3alpoIIOHOBAHO BHKOPHCTOBYBATH (PEHOMEHOJOTIYHMI IapameTp
MOUIKO/DKEHOCT], (DI3MYHUIA 3MICT SKOTO TOB’A3y€ThCS 13 BIJHOLICHHSM IUIOLII IONEPEYHOro
repepi3y AedekTiB 10 3araibHOI IUIONII MTOTIEPEYHOro Mepepi3y Tiia.

Otpumani po3paxyHkoBi cmiBBigHomeHHs MCE — Bupa3u MaTpuimi >XOpPCTKOCTI 1 BEKTOPY
BY3JIOBUX peakuid — Juid pO3B’SI3aHHS TI'EOMETPUYHO HENIHIMHUX 3aJad  TepMOB’sI3KO-
MPYKHOIUIACTUYHOCTI 3 ypaxyBaHHSIM IOIMIKOIKEHOCTI MaTepially BiICECHMETPHYHUX Till. 3 METOIO
JOBeIeHHS e()eKTHBHOCTI BUKOPUCTAHHS PO3POOICHUX PO3PAaXyHKOBHX CIIiBBIJHOLICHb MOMEHTHOL
cxemu ckinuenux enementiB (MCCE) [1, 2] ans po3B’si3aHHA T€OMETPHYHO HENIHIHHMX 3a1a4
TEPMOB’ I3KOIPYKHOIUIACTUYHOCTI 3 ypaxyBaHHSAM IIOIIKO/KEHOCTI Marepialy Ui BiceCHMeT-
PUYHUX TN 00EpTaHHS i3 ypaxyBaHHSIM 3MIiHHOCTI KOMIIOHEHT METPUYHOIO TEH30pYy B IUIOLIMHI
nonepeunoro nepepizy CE, po3risiHyTo TecTOBY 3a1ady Ipo 3THH 3alIeMIICHOT 0 KOHTYPY KpyIiiol
IUIACTUHHM HABAHTAXKCHOI PIBHOMIPHO PO3MOAUICHUM HABAHTAXKCHHSM 3aCBIIYMIO BIPOTIIHICTH
OTPUMYBAHHUX PE3yJIbTATIB.

1. Merox cKiHUEHHHX €JIEMEHTIB y 3a1auax AedopMyBaHHs Ta PyHHYBaHHS Tijl 00epPTaHHS IIPH TEPMOCHIOBOMY
naBantaxenHi / [baxenos B.A., [Tuckynos C.O., Makcum’tok F0.B.] — Kuis: Bun-so “Kapasena”, 2018. — 316¢.
2. HamiBanHaniTHYHMIA METOJ CKIHYCHHHX CJIEMEHTIB B NPOCTOPOBHX 3aj1avax aedOpMyBaHHS, PyHHYBaHHS Ta
(opmosmineHHs Tin cknanHoi crpykTypu / [baxeno B.A., Makcum’tok 10.B., Mapruniok LIO., Makcum’tok

0.B.] - Kuis: Bun-so “Kapasena”, 2021. — 280c.
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Oleksandr Maksymiuk, graduate student of Department of Structural Mechanics,
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A significant number of important structural elements, which are axisymmetric bodies of
rotation, in the process of manufacturing and operation undergo large changes in shape, which often
occur at elevated temperatures unevenly distributed in the volume of the material, which leads to
changes in the physical and mechanical characteristics of the material and the simultaneous
occurrence of deformations plasticity and creep. Determining the load-bearing capacity of these
objects requires solving problems of thermo-viscoelastic plasticity, taking into account the damage
of the material. The probability of solving such problems of the mechanics of a deformable solid
depends significantly on the adequacy of the physical relations used for the considered processes of
deformation of the material, in particular, taking into account the presence of large deformations
and damage to the material.

The process of accumulation of creep deformations is accompanied by the appearance of
microscopic randomly oriented defects in the material. To take into account their influence on the
load-bearing capacity of the material, it was proposed to use a phenomenological parameter of
damage, the physical meaning of which is related to the ratio of the cross-sectional area of defects
to the total cross-sectional area of the body.

The calculated FEM ratios - expressions of the stiffness matrix and vector of nodal reactions -
are obtained for solving geometrically nonlinear problems of thermo-viscoelastic plasticity, taking
into account damage to the material of axisymmetric bodies. In order to prove the effectiveness of
using the developed calculation ratios of the moment scheme of finite elements (MFEM) [1, 2] for
solving geometrically nonlinear problems of thermo-viscoelastic plasticity taking into account the
damage of the material for axisymmetric bodies of rotation, taking into account the variability of the
components of the metric tensor in the cross-sectional plane of the CE, considered the test problem
about the bending of a round plate pinched along the contour and loaded with a uniformly
distributed load, the reliability of the obtained results was confirmed.

1. Metod skinchennykh elementiv u zadachakh deformuvannya ta ruynuvannya til obertannya pry termosylovomu
navantazhenni / [Bazhenov V.A., Pyskunov S.O., Maksym”"yuk YU.V.] — Kyyiv: Vyd-vo “Karavela”, 2018. —
316s.

2. Napivanalitychnyy metod skinchennykh elementiv v prostorovykh zadachakh deformuvannya, ruynuvannya ta
formozminennya til skladnoyi struktury / [Bazhenov V.A., Maksym”"yuk YU.V., Martynyuk 1.YU., Maksym"yuk
0.V.] - Kyyiv: Vyd-vo “Karavela”, 2021. — 280s.
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3arajbHi nigxoau 10 BU3HAYEHHSs eHeprii Ha 1e)opMyBaHHS MaTepiary

Bonooumup Cniocap, acnipanm kageopu mawun i 001a0HANHA MEXHOIOIUHUX NPOYECia
https://orcid.org/0000-0003-4332-3144

Kuiscokuil nayionansnuil ynieepcumem 6yoisnuymea i apximexmypu (m. Kuig)

Meta A0CHipKeHHsST — MPOBECTH aHaNi3 BU3HAYCHHS €Heprii Ha Jie)opMyBaHHsS Marepiaiy,
SIKHAIT MOZICTFOETHCS CHCTEMAaMH 3 TUCKPETHHMH 1 PO3MOIUICHUMH TTapaMeTpaMu.

OnHuM 3 MeToZiB BU3Ha4YeHHs eHeprii W € po3risig THCKy poO04oro opraHy Ha Martepian y
KOHTaKTHiil 30Hi[1].Bu3HaueHHss THCKY B TEOPETHYHOMY IUIaHI € HE3HAYHOK IPOBIEMOIO.
IIpobnema mnomsirac y BHOOpI MOAENTi, II0 aJCKBATHO BIANOBIZA€ pEATBLHOMY MPOIECY.
Posrnsimaetbest  Metoauka BusHaueHHs W 3a dopmysoro (1) mis mMomeni MpysKHOTO Tija, Mo
neopMy€eThCs MiJ] 1i€0 30BHIMIHBOT CHIIM 3a 3aKOHOM ['yKa.

Xin nedopmanii Tima mpH 3pOCTaHHI HANPY)KCHHS  3[iMCHEHO 3a JOIIOMOIOI0 JiarpaMu
nepopmarii (puc.1,a).

dods F
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o
A1
/L i
Eel Q;/” W
X N
€ de € 5 &
o 7] &

Puc.1. BuznaueHHs eHeprii, 1[0 BUTpadaeThes Ha AeOpMyBaHHS MaTepiaiy:
a, 6 — IIpyKHE TiIO; 6 — HEIPYKHE TiIIO

Touka A wHa niarpami Bimnomimae nedopmarii € Tina, mwo aedopMyBagoCs i i€
HanpyXeHHst 6. [Ipi HaCTYITHOMY HEBEIMKOMY MPHPOCTI HAaNpy)KeHHs (6 BUHHMKae HOBA BiJHOCHA
nedopmarist de 3 mepexomoM Tina B CTaH, SKOMY Ha aiarpami aedopmariiii Bimmosigae Touka B.
Iepexin Tina 3i ctany A4 B OJIM3bKUN ISl HBOT'O HOBUI cTaH B morpedye BUTpaTH €IEMEHTapHOI
kinekocti edeprii dW, mo mopiBHio€e (BiZHOCHO /10 OAMHUI 06'eMy Tina) TOOYTKY MiF0UOrO B HEH
MOMEHT HanpyxeHHs o + (o Ha mepeMimeHHs #Woro Touku mnpukiageHus de. Orpumana
aQHAJITUYHA 3aJEXKHICTh ISl BM3HAUeHHS Ha JeOopMyBaHHS Matepiany, SKUH MOJETIOEThCS
CHCTEMOIO 3 JUCKPETHUMH ITapaMeTpaMH.

Posrisa cepenoBuia 3 PO3NOAUICHUMH NapaMeTpaMyl MOJsiraja y BBEACHHI B PiBHSHHS
pyXy mapaMeTpa, IO BpaxoBy€ CHEPril0 He TIIbKM Ha XBHJICYTBOPCHHS, a 1 Ha il 3racaHH.
3acTocoByrour MeToA [2] OTpUMAaHO aHANITHYHY 3aleKHICTh U BH3HAYCHHS CHEPrii, sAKa
BIJIPI3HAETBCS BiJl MPY)KHOrO Koe(illieHTOM, 110 BpPaxoBY€ XBWJIBOBI IpolecH B marepiaii. B
poboti 3xificHeHO NOpIBHAHHA eHeprii Ha neopMyBaHHS MaTepialy, SKHH MOIEIIOETHCS
CHCTEMaMH 3 JUCKPETHUMH 1 PO3IOALICHUMH [TapaMeTpaMH.

1. Hazapenxo L.I. Bibpauiiini Mammnu i nporecu Oy aiBenbHoi inaycrpii. Hapuansnuii nocionuk. K: KHYBA, 2007.
-229¢.

2. Hazapenko LI. Tlpukiaui 3axa4i teopii BiOpauiiiaux cucrem. HaBuanbauii mociOHUK (2-re BUTAHHS).-
K.:Bunasunuwmii Jlim «Ciioso», 2010. — 440c.
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General approaches to determining the energy for material deformation
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The purpose of the research is to analyze the determination of the energy for deformation of
the material, which is modeling by systems with discrete and distributed parameters.

One of the methods of determining the energy W is to consider the pressure of the working
body on the material in the contact zone [1].Determination of pressure in the theoretical plan is a
minor problem. The problem lies in choosing a model that adequately corresponds to the real
process. The method of determining W according to formula (1) for the model of an elastic body
that deforms under the action of an external force according to Hooke's law is considered.

The course of deformation of the body with increasing stress is carried out with the help of the
deformation diagram (Fig. 1, a).
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Fig. 1. Determination of the energy spent on deformation of the material:
a, b - elastic body; c is an inelastic body

Point A on the diagram corresponds to the deformation ¢ of the body, which was deformed
under the action of stress 6. With the next small increase in stress do, a new relative deformation de
occurs with the transition of the body to the state to which point B corresponds on the deformation
diagram. The transition of the body from state A to a new state close to it B requires the expenditure
of an elementary amount of energy dW equal to (relative to unity body volume) of the product of
the currently acting stress o + do on the displacement of its attachment point de. The obtained
analytical dependence for determining the deformation of the material, which is modeled by a
system with discrete parameters.

Consideration of a medium with distributed parameters consisted in introducing a parameter
into the equation of motion that takes into account the energy not only for wave formation, but also
for its decay. Using the method [2], an analytical dependence was obtained for determining the
energy, which differs from the elastic one by a coefficient that takes into account wave processes in
the material. The paper compares the deformation energy of the material modeled by systems with
discrete and distributed parameters.

1. Nazarenko I.1. Vibrating machines and processes of the construction industry. Tutorial. K: KNUBA, 2007.-229 p.

2. Nazarenko I.I. Applied problems of the theory of vibration systems. Tutorial (2nd edition). - K.: Slovo Publishing
House, 2010. - 440p.
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ITixcu/ieHHs NPOrOHIB MIVIIXOM YJIAIITYBAHHS ABOX IPY:KHUX OIIOP

Onekcandp Inimin, kano.mexn.nayk, ooyeum xageopu Memanesux i Oepes’aHux
xoncmpykyii, http://orcid.org/0000-0003-1697-6473

Cepeit  Padeuvkuit, acucmenm kagedpu Memanesux i Oepe&’siHUX KOHCMPYKYIlL,
http://orcid.org/0000-0001-5798-1987

Lnna JTuciok, 3000ysau nepuwozo (baxaraspcokoeo) pisus suwoi océimu 3a OIl «[Ipomucrose
i yusinvre 6yoienuymeo, http://orcid.org/ 0009-0008-8022-2813

Kuiscokuii nayionansnuil ynieepcumem 6yoienuymea i apximexmypu (m. Kuig)

B TemepimHii Yac € aKTyalbHHM IiJCHJICHHS 3THHAJIBHUX EIEMEHTIB (0co0IMBO
CTaJIeBHX MPOTOHIB MOKPHUTTS) yIAMITYBAHHSIM [BOX IIPY)KHHX OIOP B IPOJIBOTI.

Ilpu takomy mincuienni (puc.l) Ha Hecydy KoHctpykiiro (depmy 1 T.m1.)
YCTAQHOBIIIOIOTH 3 000X OOKIB IiJCHIIIOBAHOTO MPOrOHY JBOKOHCOJIbHI €l1eMeHTH (MiAmpyT),
SIKI Ha KIiHIISX CKPITUIFOIOTH 3 MMiJICHIIIOBAHUM ITPOTOHOM 32 JIOTIOMOTOI0 MiJAKIIAIKH 13 OIlyITKa
mBesepa i GouTiB.

KoHCTpYKTHBHE pillIcHHS BUKOHYIOTh 0€3 3aCTOCYBaHHS 3BapIOBAHHS 1 0€3 IOPYyIICHHS
IITICHOCTI MiJICHIIIOBAHOTO eeMeHTa. JlIsi CTBOPEHHS MONEePeIHbOr0 HANPYKEHHs y By3Jax
Ha KiHIAX HiANpyr nependadaroTs HEOOXITHUM 3a30p A, KUl 3aKpPUBAEThCA TIPU 3aTATYBAHHI
GonTiB.

Po3paxyHOK ITi/ICHIICHHS] BAKOHY€TBCS 32 METOAMKOIO HaBeeHO0 B [1], 3 ypaxyBaHHIM
koedirienTiB HaBeaeHNX B [2].
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Puc. 1 - CxemMa KOHCTPYKTHBHOTO PillICHHS ITi/ICHJICHHS IPOTOHY 3 3aCTOCYBAHHSIM JIBOX IIPYXKHUX
OIIOp B TPOJIBOTI 1 €MIOPH MOMEHTIB

Pospobiiera Meronnka pospaxyHky [1] mimcuimenHs mporowiB i 6amok IS THIOBHX

KOHCTPYKTHBHUX pillIeHb POCTa 1 3a0e3neuye HaliiiHy poOOTy MiJCHICHUX KOHCTPYKIIiH.

1. ba6iues IL.€., I'nitin O.b., Pagenpkuii C.B., IIpakTH4yHa MeTOMKa PO3PAXyHKY MiJCHICHHS METaJIeBUX IIPOTOHIB
i OagoK IUISIXOM YJAIITYBaHHS JBOX MHPYKHHX OMOp B mponboTi. /| MicToOyayBaHHS Ta TepHTOpialbHE
riaHyBanHs: Hayk.-rexH. 36ipauk /TonosH.pen. M.M. Ocerpin.-K., KHYBA, 2019.-Bumn. 71.-492 c.

2. JIBH B.1.2-14:2009. Cucrema 3abe3rnedeHHsi HamiiHOCTI Ta Oe3neku OymiBedbHHUX 06’€kTiB. JlepkaBHi

Gyniensui Hopmu Yipainu. — K.: Minperion Yipainu, 2009.
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Strengthening of spans by arranging two elastic supports

Oleksandr Glitin, PhD, ass. Prof. Department of steel and wooden structures Kyiv National
University of Civil Engineering and Architecture, http://orcid.org/0000-0003-1697-6473
Sergiy Radetskyi, assistant of Department of steel and wooden structures Kyiv National
University of Civil Engineering and Architecture, http://orcid.org/0000-0001-5798-1987
Illia Lysiuk, Bachelor’s student, http://orcid.org/ 0009-0008-8022-2813

Kyiv national university of construction and architecture (Kyiv)

Currently, the strengthening of bending elements is relevant (especially the steel purlins of
the roof covering) by arranging two elastic supports in the span.

With such reinforcement (Fig.1) on the load-bearing structure (truss and etc.) two-console
elements (braces) are installed on both sides of the reinforced purlin, which are fastened at the ends
with a reinforced purlin using a lining made of a channel beam and bolts.

The construction design solution is performed without the use of welding and without
violating the integrity of the reinforced element. To create a prestress in the nodes at the ends of the
braces, the necessary gap A is provided, which is closed when the bolts are tightened.

The gain calculation is performed according to the given method in [1], taking into account
the coefficients given in [2].
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Fig. 1 — Scheme of the construction design solution for strengthening the span with the use of two
elastic supports in the span and the plot of moments.

The developed method of calculation [1] of strengthening purlins and beams for typical
structural solutions is simple and ensures reliable operation of reinforced structures.

1. Babichev P.E., Glitin O.B., Radetskyi S.B., Practical method of calculation of reinforcement of steel purlins and
beams by installation of two elastic supports in span. / Mistobuduvann'a ta terutorial 'ne planuvann’a: Naukovo-
tekhnichnuy zbirnuk /Holovnuy redaktor. M.M. Osetrin.-K., KNUBA, 2019.-red. 71.-492p. (in Ukr.)

2. DBN V.1.2-14:2009. Systema zabezpechennia nadiinosti ta bezpeky budivelnykh obiektiv [Reliability and safety
of construction sites assurance system] — K. Minrehion Ukrainy 2009. — 37 p. (in Ukr.)
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Hocaimkennst BBy NasPO4-12H20 Ha noka3HMKH KUCJI0TOCTiiiKOCTI
riOpUAHUX JTYKHUX HeMEeHTiB

Bixmopisa 3o3ynuneus™?, acnipanm, m.n.c., http://orcid.org/0000-0002-8066-2033
Onekcanop I(oeaﬂbuykl'z, KaHo. mexmu. Hayk, c.H.c., http://orcid.org/0000-0001-6337-0488

*Hayxoeo-0ocnionuil incmumym 6’ axcyqux pedosun ma mamepianie im. B.J]. I'nyxoecvko2o
2Kuiscoxuil nayionanvuuii ynieepcumen 6yoisnuymesa i apximexmypu

Sk BiZIOMO, LIEMEHTHI MaTtepialid MawTh JIyKHY npupoay. OIHaK 3a paxyHOK LILOTO BOHHU
CXWIBHI [0 peakuil HeWTpamizamii KHCIOTaMH, IO NPH3BOAUTH N0 PYHHYBaHHA CTPYKTYpH
3aTBepaIoro kamento [1]. HenmpumaTHicTe BUKOPHUCTAHHS TpaJWIiHUX OyIiBEIBHUX MaTepialiB
JUISL  eKcIulyaTtanii B Cepe;oBHINI 3 HU3bKkMM PH Ta ckimamHicTh poOOTH 3 ICHYIOUMMH
KHCJIOTOCTIMKUMH [IEMEHTaMH O0YMOBIIIOE aKTyaJbHICTh PO3POOKH HOBOT'O BHJY KHCIOTOCTIMKHX
matepianiB. CTiKICTh 10 BIUIMBY arpeCUBHUX CEPEIOBHII € OJHIEI 3 OCHOBHHMX BJIACTUBOCTEH,
XapaKTEePHUX UL JIY)KHUX [IEMEHTIB, 1[0 BHOKPEMITIOE iX 3 STy TPaJWIiiiHUX B SHKYYIHX PEUOBHH.
Tomy came iXx Momuikariiss XiMIYHUMH Ta MiHEpAIbHUMH J00aBKaMH Pi3HOTO TOXODKEHHS €
JOILTBEHOFO TIPH PO3POOIIi KUCIOTOCTIHKIX [IEMEHTIB HOBOTO MOKOIHHS [2].

Tomepenui mocmipkeHHs: 0a3yBaJlMCh HAa 3HMKEHHI OCHOBHOCTI TiJPOCHIIIKATIB, IO
(hopMyIOTbCS B TPOLECI CTPYKTYPOYTBOPEHHS LITYYHOIO KaMeHIO. A JaHe — Ha BUBYEHHI poii
aHIOHY Ha IIPOLeC OTPUMAaHHS KHCIOTOCTIHKOrO MaTepialy B pe3yibTaTi (opMyBaHHS (GochaTHUX
3B’s3kiB. lle meBHA aHaoris 3 TPaAMUIHUMHU KHCIOTOCTIHKMMH B SDKYYHMH, ale y TaHOMY
BUIAJKY JOCITI/DKSHHS MTPOBOAMIINCS HA IUIAKOJMY)KHUX CHUCTEMax 3 jaojaBaHHs (ocdaTHol comi
(NasPO4-12H20) y ximekoctri 2, 4 ta 6%. OG’€KTOM MOCIIDKEHHS € LUIAKOJIY)KHA CHCTEMa
«JJOMEHHMH rpaHyJIbOBaHUH HITaK — J1y:KHUI KomioHeHT — NasPO4-12H20».

PesynpraTn mOCHimKEHHS KOMIIOHCHTHHX CKIAMiB IiITBEPAXKYIOTH, IO BIICOTKOBHI BMICT
NasPO4:12H20 mpsiMornponopLiiHo BIUIMBAa€E Ha IOKa3HUK Ticta HopMaibHOI ryctuan (THI) ta
TEPMIHU TY)KaBJICHHSI CUCTEMHM. 3i 30LbLICHHAM KijbKocTi comi mokasuuk THI' 3meHmyetbes, a
TEPMIHM TYXKaBJICHHs, HABMNAKK 30UIBIIYIOTHCS, [0 TAKOX Ma€ MO3WTHBHHMH BIUIMB Ha
CTPYKTYPOYTBOPEHHS LIEMEHTHOTO KaMEHIO.

3a nasBHocTi B cuctemi 6% NasPO4:12H20, nokasuuk THI' cxiamae 18,5%, a tepminu
Ty KaBJICHHS XapaKTePU3YIOThCS TapaMeTpaMH: IIOYATOK TyKaBJIeHHS — 75 XB, KiHewp — 95 xB. [l
nopiBHsIHHS, KOHTponbHHIT ckian (6e3 noxasanus NasPO4-12H20) mae 6inbury Bogonorpeby (THI
—22,0%), a movyaTok Ta KiHens TyxasieHus ckianae 30 xB ta 50 XB BiANmoOBiqHO.

3a pe3ysbpTaTaMy MPUCKOPEHOTO METO/Y BU3HAYCHHS KHCIOTOCTIMKOCTI IEMEHTHHX CHUCTEM,
MOYKHa 3pOOMTH BHCHOBOK, 11O BBeJeHHS B cucremy a0 6% NasPOs12H20 npusBoguts 10
301bLICHHS KoedilieHTa KHCnoTocTiikocTi. Halikpamuii pe3yibraT OTpEMY€eThCs IPU HasIBHOCTI B
komroneHTHoMY ckuaai 2% NasPOs-12H20, npu npomy koedinieHT KuciotocTiikocTi ckianae Ke
= 0,97, a BTpaTa Macu micis BUnpoOyBaHHS 3HAXOAUTECA B Mexax 10%.

Meron BUTpUMyBaHHS 3paskiB y 5% posunmni H2SOs mixrBepmkye e(peKTHBHICTD
BHUKOPHCTAHHSI JIAaHOT COJII JUISl MIJBHUIIECHHS KHCIOTOCTIMKOCTI Jy)XKHHX IIeMeHTIB. OnTUMalIbHUM
3aIMIIa€eThesl 11 BMICT y Kinbkocti 2% (Brpara minmocti micist 30 1i6 BUTpHMYyBaHHs CKIIanae
15,7%). icns 90 ni6 ButpumyBanHs y 5% pozunni H2SOs, HaiiMeHIINM MOKAa3HMKOM BTpaTH
minuocTi (25,7%) xapaktepusyerscst ckian 3 goxaBanusaMm NasPOs12H20 y xinekocti 4%. Ipu
bOMY 301JbIIEHHS 00’ €My 3pa3KiB i ABHIIMIOCH J10 3,3%.

1. Damion, T., & Chaunsali, P. (2022). Evaluating acid resistance of Portland cement, calcium aluminate cement, and calcium
sulfoaluminate based cement using acid neutralisation. Cement and Concrete Research, 162, 107000.

2. 3osymuuens B.B., Kosambuyk O.I0., IlepcrextuBa po3poOKHM KHCIOTOCTIMKHX TiOPHIHHX LEMEHTIB HA OCHOBI
Jly’KHOAKTHBOBaHHX B’sbKy4uX pedouH // 1llnsixu nigsuieHns eeKkTuBHOCTI OyliBHULTBA B yMOBax (hOPMYBAHHS PHHKOBHX
BigHocun. — 2022. — Bumn. 50 — C. 15-21.
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Scientific Research Institute for Binders and Materials
Kyiv National University of Construction and Architecture

As you know, cement materials have an alkaline nature. However, due to this, they are prone
to a neutralization reaction with acids, which leads to the destruction of the hardened stone
structure[1]. The unsuitability of using traditional building materials for operation in a low pH
environment and the difficulty of working with existing acid-resistant cements determine the
urgency of developing a new type of acid-resistant materials. Resistance to the influence of
aggressive environments is one of the main properties characteristic of alkaline cements, which
distinguishes them from a number of traditional binders. Therefore, it is their modification with
chemical and mineral additives of various origins that is appropriate in the development of acid-
resistant cements of the new generation [2].

Previous studies were based on reducing the basicity of hydrosilicates formed in the process
of structuring artificial stone. And this is based on the study of the role of anion in the process of
obtaining an acid-resistant material as a result of the formation of phosphate bonds. This is a certain
analogy with traditional acid-resistant binders, but in this case, studies were conducted on slag-
alkaline systems with the addition of phosphate salt (NasPO4-12H20) in the amount of 2, 4 and 6%.
The object of the research is the slag-alkaline system "blast granulated slag - alkaline component -
NasPO4:12H20".

The results of the study of the component compositions confirm that the percentage of
NasPO4:12H20 directly affects the index of the normal density dough (NDD) and the hardening
time of the system. With an increase in the amount of salt, the NDD indicator decreases, and the
hardening time, on the contrary, increases, which also has a positive effect on the structure
formation of cement stone.

In the presence of 6% NasPOs-12H20 in the system, the NDD indicator is 18.5%, and the
hardening time is characterized by the following parameters: the beginning of hardening is 75 min,
the end is 95 min. For comparison, the control composition (without the addition of NasPO4:12H20)
has a higher water demand (NDD - 22.0%), and the beginning and end of curing is 30 min and 50
min respectively.

According to the results of the accelerated method of determining the acid resistance of
cement systems, it can be concluded that the introduction of up to 6% NasPO4-12H20 into the
system leads to an increase in the acid resistance coefficient. The best result is obtained with the
presence of 2% NasPOs-12H20 in the component composition, while the acid resistance coefficient
is Ks = 0.97, and the mass loss after the test is within 10%.

The method of holding samples in a 5% H2SO4 solution confirms the effectiveness of using
this salt to increase the acid resistance of alkaline cements. Its content in the amount of 2% remains
optimal (loss of strength after 30 days of aging is 15.7%). The increase in the volume of the tested
samples does not exceed 2.5%. After 90 days of aging in a 5% H2SO4 solution, the composition
with the addition of NasPO4-12H20 in the amount of 4% is characterized by the lowest strength loss
(25.7%). At the same time, the increase in the volume of samples increased to 3.3%.

1. Damion, T., & Chaunsali, P. (2022). Evaluating acid resistance of Portland cement, calcium aluminate cement, and calcium
sulfoaluminate based cement using acid neutralisation. Cement and Concrete Research, 162, 107000.

2. Zozulynets V.V., Kovalchuk O.Yu. Perspektyva rozrobky kyslotostiikykh hibrydnykh tsementiv na osnovi
luzhnoaktyvovanykh viazhuchykh rechovyn // Shliakhy pidvyshchennia efektyvnosti budivnytstva v umovakh formuvannia
rynkovykh vidnosyn. — 2022. — Vyp. 50 - S. 15-21.
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Cepeiii Cneyv?, xepisnux nanpamxy «Pemonm ma Bionoenenns» https://orcid.org/0009-0003-
9487-6758
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2TOB Cika Ykpaina (m. Kuis)

Mera —IoKasaTy repeBard Ta 3alpoIroHyBaTH 3aCTOCYBaHHsI CHCTEM I'ipOi30JIsiii Ha OCHOBI
€JIaCTHYHUX HOJIIMEPHUX MaTepiais.

3axyCT BIAMOBIIHUX CHOPYJ, L0 3HAXOIATHCS IMiJ| 3eMJICIO 1 3a3HAIOTH BIUTHUBY BOJSHOTO
THUCKY, BHMAraroTh KOMIUIEKCHOTO BHPIIICHHS 3aBOaHHsA 130Juilil. 3 OCBily 3acTOCYBaHHS
3aXUCHHUX MaTepiaiB i PilllecHb MOXKHA PO3IUIMTH CUCTEMY i30JIs1ii Ha KiJIbKa PIBHIB: BIAIITYBAHHS
BOJIOHENPOHUKHUX ~ 3aXMCHUX OTrOPOUKYBAJIBHUX KOHCTPYKLiM (BOJXOHENPOHUKHMI GETOH),
TipOI30IIALisl LIBIB Ta IPUMHKAHb, BIAIITYBAHHS 3aXUCHUX MIapiB i30isiuii. THCK BOaH, XiMiuHI A1l
Ta MOJMJIMBI MEXaHiYHI HABAaHTA)KCHHs BHMArarOTh BiJ 130JISMii MiJBUIICHUX XapaKTEPUCTHK JIO
omopy ganuM BrutmBaMm. CydvacHi MONIMEpHI Marepiaid MO3BOJSIFOTH CTBOPHTH KOMIUTICKCHHI
3aXHCT 13 3a0E3MeUeHHSIM BOJOHEHMPOHUKHOCTI Ta BIAMOBIAHO JOBrOBIYHOCTI CIOPYH, IO
3HAXOIATHCS I11J] 3EMJICHO.

MonimepHa membpaHa
SikaProof A

Puc.1. Pimenns 3 i30y1s11ii MPUMHUKaHb i BBOJIB Puc.2. Pimenns 3 i3ommsiuii criopy
KOMYHiKawiif OJIIMEPHUMUMEMOpaHaMU

Puc.3. KoMIuiekcHe pilieHHs 3 TiApoi3omsiii

1. DIN 18197, crannapr, peaakuis: 2011-04: I'epmernsanis mBiB y 6eToHi BomstHIME GapcTomnamu, Beuth Verlag,
Bepuin.

2. Hohmann, R.: I'epmeTtu3atist mBiB y BOJOHENPOHUKHNX GeToHHNX KoHCTpyKuisx. ITyTtrapt, Fraunhofer irB
Verlag, 2011

3. Wnymnd, [ix.; bivep, b.; [IByH, O. (Bumasens: Sika Services ag, Lropix): Hosiauuk Sika Concrete. L{ropux,
2012

4. lemenr-TamrenOyx; 51.ausgabe 2008; Verein Deutscher Zementwerke (Bunasers);
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Solutions for waterproofing underground
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Serhii Spets?, TM Managerof the "Refurbishment”, https://orcid.org/0009-0003-9487-6758

IKyiv National University of Construction and Architecture (Kyiv)
Sika Ukraine LLC (Kyiv)

The target - to show the advantages and propose the use of waterproofing systems based on
elastic polymer materials.

The protection of the relevant structures located underground and exposed to water pressure
requires a comprehensive solution to the task of insulation. Based on the experience of using
protective materials and solutions, the insulation system can be divided into several levels:
installation of waterproof protective enclosing structures (waterproof concrete), waterproofing of
seams and joints, installation of protective layers of insulation. Water pressure, chemical actions
and possible mechanical loads require insulation with increased characteristics to withstand these
influences. Modern polymer materials make it possible to create complex protection with
waterproofing and accordingly, durability of structures located underground.

MonimepHa membpaxa
SikaProof A

Fig.1. Solutions for isolation of connections and Fig.2.Solutions for waterproofing buildings
inputs of communications with polymer membranes

Fig.3. A comprehensive waterproofing solution

1. DIN 18197, standart, redaktsiia: 2011-04: Hermetyzatsiia shviv u betoni vodianymy barstopamy, Beuth Verlag,
Z.fglr:;ann, R.: Hermetyzatsiia shviv u vodonepronyknykh betonnykh konstruktsiiakh. Shtuthart, Fraunhofer irB
3.V§rr1lligﬁ|§glézh.; Bicher, B.; Shvun, O. (vydavets: Sika Services ag, Tsiurikh): Dovidnyk Sika Concrete. Tsiurykh,
4.2$slezment-Tashenbukh; 51.ausgabe 2008; Verein Deutscher Zementwerke (vydavets)
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Komnozumuux koHcmpykyiil, https://orcid.org/0000-0002-2940-0513.

Xapxiscoruii nayionarbnuii ynisepcumem micoxozo 2ocnooapemea imeni O.M. Bexemosa,
2TOB «Cixa Yxpaina»

TenaeHwii 3BeJeHHS] MACUBHUX CIIOPY CIELIaTbHOIO MPU3HAYCHHS MOKa3yIOTh 30UIbLICHHS
00csriB BUKOPUCTAHHSI BHCOKOPYXJIMBUX OETOHHMX cywmimreii i GerouiB kmacie C30/37-C35/45 i
Buiie. CTaHaapTHI CKJIAJAM TaKUX OETOHIB XapaKTepU3YIOTHCS IMiJBUIIEHOI BUTPATOIO LIEMEHTY,
sxa jgocsrae 500-580 kr/m®, mo B 3HauHiil Mipi MiBUILye TEIUIOBHNEHHS Ta ycanky 6eToHy i
MOB'sI3aHI 3 IMMBHYTPILIHI HaNpyKEHHs 3 IMOAAJBIIMMYTBOPEHHSIM TPILIMH y BIANOBIIAIBHUX
MaCHBHUX KOHCTPYKILisIx[1].

Mera JoCHiDKeHHST —BHIIPOOYBaHHS OCTOHHMX CyMimieil 1 OETOHIB 3 KOMIIEKCHHUMHU
no06aBKaMH, 110 3HAYHO 3HIKYIOTh BUTPATy LIEMEHTY, TEIUIOBH/IIICHHS Ta yCaKy OeTOHY.

BunpoOyBaHi KOMIUIEKCH CKIafaluch 3 CyIepIUIacTU(ikaTopa Ha MONIKapOOKCHIATHIM
ocuoBi (SP), mynonanoBoi noGaBku Mikpokpemuesemy (SF), croBinpHioBaua TBepainus (R) Ta
mosiMepy IUisl BHYTPIIIHBOro Hormsiay 3a 6etoHoM (C1), 110 3HIKYE yCcaaKy Ta TPILIHHOYTBOPCHHS
IIpY BUCHXaHHI OeToHy.BHUIpoOyBaHHS IOKa3anM, IO BHUKOPUCTAHHS KOMIUIEKCHHX JOOaBOK
JI03BOJIMJIO 3HM3UTH BUTpaty Hementy 10 30% Oe3 3MiHM pyXJMBOCTI i MimHOCTI OeToHy. st
JOCSITHEHHST TAKOT0 BUCOKOro edekTy Oyno 36inpmeno sButpaty SP Bix 0,6-0,8% (mst 3Buuaiinnx
6eroni) no 1-1,5%. HasiBHicTh BHCOAMCIIEPCHOTO MiKpOKpeMHe3eMySF 3abe3nedyBaiia 3B’ I3HICTh
Ta BiZICYTHICTh pO3MIApyBaHHs B cyMilli. Pe3yiabraTn BU3HAUSHHS BIUIMBY J00aBOK HA MOYAaTKOBY
KiHeTHKy TBepAiHHs OeToHy (prc.l) cBimuaTh Mpo 3HAYHMI BIUIMB J00ABOK HA 3HWKCHHS PO3IrpiBy
Getony. B nopisHsauHI 3 KoHTposnsHuM ckiagoMm Nel (500 kr nementy), ckiaaauNe2 3 SP(400 kr
nemenrty) TaNe3 3 SP+SF+Cl (350 kr memeHTy) npu BiACyTHOCTI 301JBIICHHS TPHBAIOCTI
IHIYKIIHHOTO Iepiofy MAIOTBMCHINY IHTCHCHBHICTH IIITHOMY TeMIeEpaTypHi MaKCHMAJIBHUH
posirpiB 6eToHy B afgiabaTuuHuX yMoBax [2], oco0nrBo Ha mepiry 100y TBEpIiHHS.

3pocrannu revneparypu, 'C

0 6 12 18 24 30 36 42 48 564 60 66 T2

Hace, roa

Puc.1 — Po3irpiB 6eToHiB 3 JoOaBKaMH B aJ1iabaTHIHOMY KaJIOPUMETpi

BBenennst cnosinpHioBaya Rpo ckimagy SP+SF+ClposBoisie  perynoBaTé  MOYaTKOBE
crioBiTbHEeHHsT (ckimam Ned), mio dwacromepemn0avyeHO TEXHOJOTIEr0 OETOHYBAaHHS MAaCHBHHX
KOHCTpYKIiHA. TakuM YMHOM, MOKa3aHO, IO BUKOPHCTAHHS KOMIUICKCIB, SIKI CKJIQAAlOThCS 3
100aBOK Pi3HOI (PyHKIIOHAIBHOCTI, TO3BOJISIE, B IEPII 3a BCE 32 PAaXyHOK 3MCHIICHHS BHTpPAaTH
LEMEHTY, 3HU3UTH PU3UKH TPIIIIHHOYTBOPEHHS YBIIMOBIIAIbHUX MACHBHUX KOHCTPYKIIisIX.

1. ACI 207.1R-05:2012 — Guide to Mass Concrete. — 30 p.

2. EN 12390-15:2019. Testing hardened concrete adiabatic method for the determination of heat released by concrete
during its hardening process.
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Trends in the construction of massive special-purpose structures show an increase in the use
of high slump concrete mixtures and concrete of classes C30/37-C35/45 and higher. Standard
compositions of such concretes are characterized by increased cement consumption, which reaches
500-580 kg/m?®, that significantly increases the heat release and shrinkage of concrete and the
associated internal stresses with the subsequent formation of cracks in the responsible massive
structures [1].

The purpose of the research is to test concrete mixtures and concrete with complex additives,
which significantly reduce cement consumption, heat generation and shrinkage of concrete.

The tested complexes consisted of a polycarboxylate-based superplasticizer (SP), a
microsilica pozzolanic additive (SF), a hardening retarder (R) and polymer admixture for internal
curing of concrete (C1), which reduces shrinkage and drying cracking of concrete. Tests showed
that the use of complex additives made it possible to reduce cement consumption by up to 30%
without changing the mixtures slump and strength of concrete. To achieve such a high effect, the
consumption of SP was increased from 0.6-0.8% (for ordinary concrete) to 1-1.5%. The presence of
highly dispersed SF microsilica helps prevent both bleeding and segregation. The results of
determining the effect of additives on the initial kinetics of concrete hardening (Fig. 1) indicate a
significant effect of additives on reducing the heating of concrete. In comparison with control
composition No. 1 (500 kg of cement), compositions No. 2 with SP (400 kg of cement) and No. 3
with SP+SF+C1 (350 kg of cement) in the absence of an increase in the duration of the induction
period have a lower intensity of temperature rise and a maximum heating of concrete in adiabatic
conditions[2], especially on the first day of hardening.

0O 6 12 18 24 30 36 42 48 54 60 66 72
Hac, rox

Fig.1 — Heating of concrete with additives in an adiabatic calorimeter
The introduction of the retarder R into the composition of SP+SF+C1 allows to adjust the
initial deceleration (composition No. 4), which is often provided by the technology of concreting
massive structures. Thus, it is shown that the use of complexes consisting of additives of different
functionality allows, primarily due to the reduction of cement consumption, to reduce the risks of
cracking in responsible massive structures.

1. ACI 207.1R-05:2012 — Guide to Mass Concrete. — 30 p.

2. EN 12390-15:2019. Testing hardened concrete adiabatic method for the determination of heat released by
concrete during its hardening process.

140



IMepcnekTHBU 3aCTOCYBAHHS AMCIIEPCHOAPMOBAHUX 0ETOHIB Y Cy4acHOMY
OyaiBHULTBI

Kamepuna Ilywkapvosa, 0-p .mexun.nayk, 3a6i0ysau kageopu 6yoigenbuux
mamepianie,http://orcid.org/0000-0001-7640-8625

Mapuna Kouegux, kano.mexu.nayx, ooyenm xageopu 0yoisenvHux
mamepianis,http://orcid.org/0000-0002-6201-3507

Onvea I'onuap,kano.mexn.nayx, doyenm xagpedpu 6yoigenbnux mamepianis,
http://orcid.org/0000-0002-1071-7553

Isan Mapuenko, 3006y6au opyzozo (mazicmepcokozo) piens euwoi océimu 3a OIl «Texno-
n102ii 6yoigenvHux KOHCmpPYKYill,eupoo6ie i mamepianie» http://orcid.org/0009-0008-2986-5119

Kuiscorozco nayionanvnozo ynieepcumemy 6yoisnuymea i apximexmypu (m.Kuig)

JlucnepcHoapMoBaHuii 6eTOH BUHUK SIK albTepPHATHBA 3a1i300€TOHY, 0COOIMBO B pasi Horo
3aCTOCYBaHHSI UIs TOHKOCTIHHHMX KOHCTpyKUii[1]. PisHoBumamu uporo Gerony e ¢ibpoberow,
cranediopodeToH, ckiopiOpoOETOH, «TEKCTHIILHUI» OETOH.

Cki10(idpodeToH OTPUMYIOTH Ha OCHOBI MOPTJIAHALECMEHTY, JPIOHOrO 3allOBHIOBAYA,
JyTOCTiiKOro cKisHoro BosokHa ((ibpu) Ta opraHo-miHepanbHuX Jg00aBOK. Sk (iOpy
BUKOPHUCTOBYIOTh JIYTOCTiIiKE BOJIOKHO, IIO MICTHTh OKCHZI LUPKOHY. IlocTauanbHMKaMH TaKOTroO
BOJIOKHA € 3apyOixkni xommanii, taki skFibre Technologies International Ltd. (Bpucmons,
Anznus), L’Industrielle De Prefabrication (IIpucm, ®panyus), Cem-Fil (Yuxazo,
CIIIA).OcHoBHI BMacTHBOCTI cKk10(hibpobeTony: cepemns ryctuna — 1700...2250 kr/m®; minmicTs
npu crrcky — 50...85 MIla, mitnicts tpu 3ruHi — 21...32 MIla; koedillieHT TeronpoBiJHOCTI —
0.52...0.75 Br/m-K; moposocriiikicts — F150...F300; Bomonenponukaicts — W6...W20; KJIITP —
(8...12)110°° °CL. 3anesxHo Bix MeTH BHKOPHCTAHHACKIO(IGPOOETOHY MOKHA HAMABATH Pi3HUX
BJIACTMBOCTEH 1UIIXOM 3MIHM PO3MIpY Ta KUIBKOCTI apMyBaJIbHUX KOMIOHEHTIB, IX KOMOiHYBaHHS 1
TexHoyiorii BHpoOHMUTBA. lle nO3BONIIE OTpUMyBaTH Marepiany, pi3HI 3a IPU3HAYCHHAM:
JIEKOPATHBHI, CIEIiaibHi, KOHCTPYKILlHI abo rixpoizomsuiiui[2].

@yukiionansHicts  cknodiopoderony  (CDB)  OMOBHIOETBCS — HOrO  BHHSTKOBOIO
IUTACTUYHICTIO Ta MOXJIMBICTIO CTBOPEHHs aOCONIOTHO HOBUTBHHX (opm. Lleit MaTepian Hamae
apXiTEeKTOPOBI ~ Mai)ke HECKIHUEHHWH BUOIp HETPHUBIAJIBHMX pIlIEHb, M0 CTOCYIOThCA
(hOpMOYTBOpPEHHSI KOHCTPYKIIiH, 0 SKUX JOJA€THCS BEIMKA PIZHOMAHITHICTh TEKCTYp 1 HIMPOKa
namirpa KoibopiB. Ckia0(hiOpoOeTOH J03BOJISIE  IMITyBaTH KaMiHb, JEpPEBO, YaByH Ta IHIII
OyniBesnbHi MaTepiamu[2].

CBb® 3aBasku iMiTarlii TOBepXHi OETOHY MiIXOANUTb K JIUISI BAKOHAHHS 30BHIIIHIX poOiT, Tax i
JUIs 037100JIEHHS iHTEpP'€PIiB B CydacHHUX CTHIAX (MiHiMaiisM, mpom, xaii-Tek, TexHo, 1opt).COb B
odopmerHi dacanis OyaiBens Moxe OyTH aNnbTePHATHBOIO TiICy. MOXINBICTH IMITYBaTH TillCOB1
BUpOOU N103BOIIsie BUKoprcToByBatn C®PB npu pecraspauiiinux poborax. COb-mauneni npuaatHi
JUISL BJIAIITYBaHHS BEHTHJIbOBaHUX (acaiiB, a OaraTollapoBi «CEHIBIY-NAHENI» MOXYTb OyTH
OJHOYACHO 1 HECY4YOI0 KOHCTPYKILI€Io, 1 yTeIumoBaueM CTiHM. IlokpiBesnbHI Marepiamm 3i
ck10(hiOpoOeTOHY, IO IMITYIOTh HIU(ep ad0 Yepenuito, KapHU3H, IUMOBI TPYOH 1 MapacoibKu 10
HUX, MilHile i JoBrosiunime HaTypanbHuX (rapantist 10 30 pokiB), BoHH He GOSITHCS HepernajiB
TeMIepaTyp, BUCOKOI BOJIOrocTi Ta 3a0pyaueHoro nositpst. HosiTHill Tpen — cruib godT (uera,
0eTOH 3i ciigamu onaxyOKu) MOKe OyTH peaji3oBaHHMil caMe 3 BUKOPHCTaHHSAM CKI0(iOpoOeToHy.
Ille onna HaliBaxkMBinIa cdepa 3acTocyBaHHA cKI0(iOpoOeTOHY — Oy IIBHULTBO aBTOAOPIT, MOCTIB
i TyHemiB. Lleil MaTepiaBOJIOHETIPOHUKHUI, Maike HE TNPOHUKHHWA JJIsl XJIOPHUJIB, BIIMIHHO
3aXHILae CTAJIEBY apMaTypy Bix Koposii. MeHu Bioma o61acTs 3acTocyBanHs cKi1odiopodeTony (—
BHPOOHHIITBO TPYO BEIMKOr0 JiaMeTpy JUlsi TpyOOIpOBO/IB Pi3HOTO npu3Ha4YeHHs[2].

1. Topomrerko O. FO. locix 3actocyBanns ¢pibpoderony y 6yaisuuirsi / O. F0. lopomrerko, 0. M. lopomierko//
36.nayk.np. JIETYT : 149 Cepis «TpancnopTHi cuctemu i TexHosorii». — Bum. 24. — K.: IETYT, 2014. - C. 5-11.

2. Bernmiok A. Cxnodibpobero - iHHOBaLiHHKII Oy aiBebHMiA Matepian 21-ro cromitrs. — Polobud. -
2021/https://teletype.in/@polobud
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Dispersion-reinforced concrete emerged as an alternative to reinforced concrete, especially in
the case of its use for thin-walled structures[1]. Types of this concrete are fiber concrete, steel fiber
concrete, fiberglass concrete, "textile" concrete.

Fiberglass concrete is obtained on the basis of Portland cement, fine aggregate, alkali-resistant
glass fiber (fiber) and organo-mineral additives. An alkali-resistant fiber containing zirconium oxide
is used as a fiber. Suppliers of such fiber are foreign companies such asFibre Technologies
International Ltd. (Bristol, England), L’Industrielle De Prefabrication (ITpuct, ®panums),
Cem-Fil (Chicago, USA).The main properties of fiberglass concrete: average density - 1700...2250
kg/m3; compressive strength - 50...85 MPa, bending strength - 21...32 MPa; coefficient of thermal
conductivity - 0.52...0.75 W/m-K; frost resistance - F150...F300; water resistance - W6...W20;
CLTR - (8...12)[110-6 °C-1.Depending on the purpose of using fiberglass concrete, different
properties can be given by changing the size and number of reinforcing components, their
combination and production technology. This allows you to obtain materials with different
purposes: decorative, special, structural or waterproofing [2].

The functionality of fiberglass concrete is complemented by its exceptional plasticity and the
ability to create completely arbitrary shapes. This material provides the architect with an almost
infinite choice of non-trivial solutions related to the formation of structures, to which is added a
wide variety of textures and a wide palette of colors. Fiberglass concrete allows to imitate stone,
wood, cast iron and other building materials [2].

Thanks to the imitation of the surface of concrete, fiberglass concrete is suitable for both
exterior work and interior decoration in modern styles (minimalism, industrial, hi-tech, techno,
loft). Fiberglass concrete can be an alternative to plaster in the design of building facades. The
ability to imitate gypsum products allows the use of fiberglass concrete in restoration
works.Fiberglass concrete panels are suitable for installing ventilated facades, and multilayer
"sandwich panels" can be both a load-bearing structure and wall insulation at the same time.
Roofing materials made of fiberglass concrete imitating slate or tiles, eaves, chimneys and
umbrellas for them are stronger and more durable than natural ones (warranty up to 30 years), they
are not afraid of temperature changes, high humidity and polluted air. The latest trend - the loft style
(brick, concrete with traces of formwork) can be realized precisely with the use of fiberglass
concrete.Another important field of application of fiberglass concrete is the construction of
highways, bridges and tunnels. This material is waterproof, almost impervious to chlorides,
perfectly protects steel fittings from corrosion. A less well-known field of application of fiberglass
concrete is the production of large-diameter pipes for pipelines of various purposes [2].

1. Doroshenko O. Yu. Dosvid zastosuvannia fibrobetonu u budivnytstvi / O. Yu. Doroshenko, Yu. M. Doroshenko//
Zbirmyk naukovykh prats DETUT : 149 Seriia «Transportni systemy i tekhnolohii». — Vyp. 24. — K.: DETUT,
2014.-S.5-11.

2. Bendiuk A. Sklofibrobeton - innovatsiinyi budivelnyi material 21-ho stolittia. — Polobud. -
2021/https://teletype.in/@polobud .
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Mera JOCHIIPKEHHSI —BCTAHOBMTH IOTEHLIMHY MOXJIMBICTb I€ONOJIMEPHHX OETOHIB /10
ayTOTCHHOT'O CAaMOBIJHOBJICHHS Ta IIOKAa3aTH IUIIXH BJOCKOHAJCHHS IIPOIIECIB 3aJliKOBYBaHHS
TPILIUH B KOHCTPYKIISIX.

Ha cporopHimmHii AeHb BaXKIHUBOIO IPOOIEMOIO CBITYy € 3MCHIICHHS BHKUJIB MAPHUKOBHX
ra3iB B armocdepy. Tomy reonosimMepHi Marepiajid, Ha BIAMIHY BiJ MOPTIAHAIEMEHTHHX
KOMIIO3HTIB, MPEICTABISIOTh CTAIOTh MEPCHCKTHBHUMH HE TiTBKM 3aBISIKM 3[ATHOCTI 0 CTAIOrO
PO3BHUTKY, MCHIIUM EHEPrOBUTPAaTaM HA BHPOOHMITBO, ane I 3 ypaxyBaHHAM IX BHCOKHX
MEXaHIYHUX Ta CICHiAIbHUX BIACTHBOCTEH.

INomiGHO mO MOPTIAHALEMEHTHUX OCTOHIB, TEONOIIMEpHI OCTOHM 34aTHI IO YTBOPCHHSA
TPIilKH, SIKi MiIBHILYIOTh MPOHUKHICTH KOHCTPYKIIT Ta, 3peIITOl0, 10 pyiHyBaHHs. Tpaauiiiino
BIJJTHOBJICHHSI KOHCTPYKLIM BinOyBaeThCs WUIIXOM HOBEPXHEBOTO PEMOHTY a00 iH €KYBaHHSIM
pisHHMHU MaTepiasaMu. B neskux BHUIIagKax Taki CIIOCOOM PEMOHTY BBA)KAIOTHCS 3aTPATHHMH Ta
HeepexktuBauME [1]. YBary moCHifHMKIB TPUBEPHYJIM TOTEHIIHHI MOKIMBOCTI HEOPraHIYHUX
KOMIIO3HTIB 10 CAMOBiJHOBICHHS HIIIXOM 3aKPHUTTS TPIIIUH Ta MOAOTAHHS BHYTpIMIHIX AedeKTiB.
Ha nporiec caMOBIJHOBJICHHSI MAaTpUI BIUIMBAIOTH JEKiIbKa (PAKTOpPiB, a TOMY YHCII KUIBKICTh
HETiIpaTOBAaHUX YAaCTHHOK, CHOCI0 3aTBepAiHHS MaTpulli, I MPOHUKHICTH Ta B3a€EMO3B 30K IOP Y
marpui [1].

IIpoBeneHuMH JTOCIIKEHHSAMHU OyJI0 BCTAHOBJICHO IMOTEHIIIIHY 3JIaTHICTh T'€OIOJIIMEPIB JI0
CaMOBIJHOBICHHA 3a PaxXyHOK pe-aKTUBAIlli MaTpumi pO3YMHAMH JyTiB, B pe3ylbTaTi YOO
CHHTE3YIOTBCSl LIeONiTOnoAi0HI HoBoyTBOpeHHs ckiaxy N-A-S-H Ta BinOyBaeTbest ayToreHHE
3aro€HHsl TpilKH. BcTaHOBIEHO KOpEIsLiiiHY 3a1€XKHICTh MDK PIBHEM IOILIKO/PKEHHS Ta CTYIICHEM
CaMOBITHOBIICHHS: YMM MCHIIOIO € IIMPHHA PO3KPHUTTS TPIIMH, THM MEHILIOIO € TU(Y3is i OLIbIIHIM
CaMOBITHOBIICHHSI.

BusBneHo BIUIMB TeMIEpaTypHOro (akTopy Ha 3JaTHICTb J[JO CaMOBIJHOBICHHS Ta
MPUCKOPEHHS TPOLECY TeornoiMepu3alii, Ta MokasaHo, IO MiABUILCHHS Temieparypu a0 80°C
MPHUIIBUAIIYE HAOIP BiTHOBIIOBAIBHOI MILTHOCTI [2].

IixaBol0 OCOONMBICTIO TeONMONIMEPIB BUSABWIACH 3IATHICTH JO CAMOBIJHOBICHHSA Y
MarepiaiiB, BATOTOBJIEHUX Ha OCHOBI BiaX0iB OYIiBHHITBA Ta 3HECEHHs cropyn (UerisHuil Oii,
OeToHHHMIT 111e0iHb, CKISHMUI i), MPUYOMY MEXaHi3M 3arO€HHS TPIIIMH MOAIOHMIA 10 IIEMEHTHHX
GEeTOHIB 3a paXyHOK OCa/UKCHHIO KapOOHATy KalbLIi0 B opax Ta mycrorax [3].

Omxe, MOTEHUIal TIeonojiMepHUX OETOHIB K MaTepiajiiB, 3JaTHUX [0 ayTOr€HHOrO
BIJTHOBJICHHSI, IlI¢ MOBHICTIO HE PO3KPUTHH, BPAaXOBYIOUH iXHIH IIUPOKUI CHPOBUHHUM CKIa] Ta
MOKJIMBICTE MoaM(iKalii CTPYKTypH pi3HUMH HAmoOBHIOBAYaMHM MiKpo- Ta HaHopo3Mmipy [4].
Oco0n1BO mikaBUM BOAUA€THCS MOXKIMBICT BUKOPHCTAHHS 3PYHHOBAHHX OCTOHHHX 1 IEITISHHX
CHOPYJl Y SKOCTI KOMIIOHEHTIB T'€OIOJIIMEpIB, II0 MOXIIMBO BHKOPHCTATH IIPH BiIHOBJICHHI
iHppacTpyKTypu YKpaiHu.

1. Luhar, S., I. Luhar, and F.U.AJ.l. Shaikh, Review on performance evaluation ofautonomous healing of
geopolymer composites. 2021. 6(7): P. 94.

2. Ross, J.H., et al., Permeability recovery by self-healing of class F fly ash-basedgeopolymers. 2022. 10: P. 100048

3. Ulugol, H., et al., Effects of self-healing on the microstructure, transport, and electricalproperties of 100%
construction-and demolition-waste-based geopolymer composites.2021. 121: P. 104081.

4. CyxaneBnu M.B. ITopiBHAHHS €(EKTHBHOCTI 3aCTOCYBAaHHS PI3HUX BYTJICLEBUX HaHOA00aBOK Ut MoAMbikarii
LEMEHTHUX KOMIO3HUIIiiHuX MarepianiB. ByjuiBenbui Matepianu ta Bupoou. Ne3-4 (95). 2017. C.46-49.
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The purpose of the study is to establish the potential for autogenous self-healing of
Geopolymer concretes and to show ways to improve the processes of crack healing in structures.

Today, reducing greenhouse gas emissions into the atmosphere is an important global issue.
That is why geopolymer materials, unlike Portland cement composites, are becoming promising not
only due to their ability to be sustainable, lower energy consumption for production, but also due to
their high mechanical and special properties.

Similar to Portland cement concrete, Geopolymer concretes are capable of cracking, which
increases the permeability of the structure and, ultimately, leads to destruction. Traditionally,
structures are rehabilitated by surface repair or injection of various materials. In some cases, such
repair methods are considered costly and inefficient [1].

The researchers' attention was drawn to the potential of inorganic composites to self-heal by
closing cracks and overcoming internal defects. The self-healing process of the matrix is influenced
by several factors, including the amount of non-hydrated particles, the method of curing the matrix,
its permeability, and the interconnection of pores in the matrix [1].

The studies have established the potential ability of geopolymers to self-heal by re-activating
the matrix with alkali solutions, resulting in the synthesis of zeolite-like neoplasms of the N-A-S-H
composition and autogenous crack healing.

A correlation between the level of damage and the degree of self-healing was established: the
smaller the crack opening width, the lower the diffusion and the greater the self-healing.

The influence of the temperature factor on the self-healing ability and acceleration of the
geopolymerization process was revealed, and it was shown that an increase in temperature to 80°C
accelerates the recovery strength [2].

An interesting feature of geopolymers was the ability to self-heal in materials made from
construction and demolition waste (brick rubble, concrete rubble, glass rubble), with a crack healing
mechanism similar to cement concrete due to the deposition of calcium carbonate in pores and
voids [3].

Thus, the potential of geopolymer concretes as materials capable of autogenous recovery has
not yet been fully revealed, given their wide raw material composition and the possibility of
modifying the structure with various micro- and nanosized fillers [4]. The possibility of using
destroyed concrete and brick structures as components of geopolymers, which can be used in the
restoration of infrastructure of Ukraine, is particularly interesting.

1. Luhar, S., I. Luhar, and F.U.AJ.l. Shaikh, Review on performance evaluation of autonomous healing of

geopolymer composites. 2021. 6(7): P. 94.

2. Ross, J.H., et al., Permeability recovery by self-healing of class F fly ash-based geopolymers. 2022. 10: P.
100048

3. Ulugél, H., et al., Effects of self-healing on the microstructure, transport, and electrical properties of 100%

construction-and demolition-waste-based geopolymer composites. 2021. 121: P. 104081.

4. Sukhanevych M.V. Comparison of the effectiveness of the use of various carbon nanodopavlok for the

modification of cement composite materials. Building materials and products. Ne3-4 (95). 2017. C.46-49.
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Kuiscoruii hayionanvHuil ynieepcumem 6yoisnuymea i apximexmypu (m. Kuig)

MeTta pgocniKeHHS —HOCHIDKEHHS MartepiaigiB 3 TiJBUIICHUMH 3HAuYeHHSIMHU (Di3uKO-
MEXaHIYHUX Ta CIELialbHUX BIACTUBOCTEH IS BUPOOHHITBA OCTOHIB BHCOKOI SKOCTi, OTpUMAHHS
3aXMCHUX MOKPUTTIB JUIs 3aJ1i300€TOHHUX BUPOOIB.

3rifHO pe3ynbTaTiB JIOCHI/PKEHb CKJIAJAIB IMPOJYKTIB TiJparauii MOpTIaHALEMEHTIB 3i
[IJIAKOM, IO BMIIYIOTh ONTHMAJIbHY KUIBKICTH MEICHOTO CKJIOMOPOIIKY, NMPH PI3HUX KLUIBKOCTSIX
IPaHyJIbOBAHOIO JOMEHHOTO IIJTAKY, BUSIBJICHO, IO MPH 30UIbIIEHH] BMICTY IPaHyJIbOBAHOIO JJOMEHHOTO
nutaky Bix 20 no 60 mac. % y ckiani IPOAYKTIB rimparanii 3MEHIIY€EThCS KUIbKICTh BHCOKOOCHOBHUX
TIAPOCHIIIKATIB  KaJbI[IO Ta 30UIBLIYEThCS KUIBKICTh HH3bKOOCHOBHHX TiJIPOCHITIKATIB KAJBLIIO.
HaiiOinpini  3HaueHHs ~ MINHOCTI  INTYYHOrO  KAaMEHIO,  OTPUMAHOrO0  Ha  OCHOBI
[IJIAKOTIOPTIAH/IEMEHTY 3 BMicToM 40% rpaHyib0BaHOTO JIOMEHHOTO HIIAKy i 5% CKIOMOpOoIKy
MOXXHQ TIOSICHUTH HAsSBHICTIO B CKJIQAi NPOAYKTIB TifpaTamii MiABHIICHOI KUIBKOCTI
HU3BKOOCHOBHHX TiPOCHIIIKATIB 1 HeomiTonoaionnx ¢as.locmiPKeHHIMHE  TOBEICHO MOJKIIUBICTh
BHUKOPHCTAHHSI OPOIIKY CKIJISTHOTO OO0 TAPHOTO CKJIA B IKOCTI aKTHBHOI MiHEpaJIbHOT J0OaBKH, 1110
BIUTMBAE HA KIiHETHKY HAPOIIYBAHHS MIIHOCTI MPU CTHCKY Ta MPOLECH CTPYKTYPOYTBOPCHHS
Marepiary. Y pe3ynbraTi onTEMi3amii oTpuMaHa o0JIacTh iCHYBaHHS CKJIAIiB B'SDKYy4YOl pEYOBHHH,
obmexenoi o oci X1 Bix 25 go 55%, mo oci X2 Bix 5 mo 7,5% i mo oci X3 3uauennsmu B/L] Bix
0,243 no 0,33, mo 103BOJIsIE€ OTPUMYBATH IUITYYHUH KaMiHb, SIKHI XapaKTepU3yEThCs MIIHICTIO IPU
crucky 30,0...106,0 MIla npotsrom 2...90 1i6 TBepaiHHS.

Bucoki 3Hau€HHS! MILHOCTI ITPU CTUCKY MOXKJIMBO IOSICHUTH 32 PaXyHOK B3aeMOJIiT CKkilohazu
T'ZIUI i cKIOMOPOIIKOBOI CKJIAJO0BOI B'SDKYYOI PEYOBHHH 3 MOPTIAHIUTOM B OIK YTBOPESHHS
HU3bKOOCHOBHUX TIJPOCHIIIKATIB KalbIliF0, TiAPOrpaHaTiB 1 [EOMITONOAIOHNX Kalbli€BUX
TiIpOaTIOMOCHIIKATIB THITy BalKapiTy, >KHCMOHAIHY Ta EHICTINBOITY Ta HATPieBOKAIBIIEBUX
riIpOATIOMOCHITIKATIB ~ THIy ~ TOHApAITy  Ta  TOMCOHITY. 3anpornoHoBaHi  CKJIAAU
LJIAKOTIOPTIAH/LEMEHTY, MOJM(IKOBAHOTO  BIXOJaMH  CKISIHOTO 0010, MOXYThb  OyTH
PEKOMEHIOBaHI JJIsl OTPUMaHHS OCTOHIB CHELIaTbHOTO MPU3HAYCHHS 3 MPHUCKOPEHOK KiHETHKOIO
Habopy MIIHOCTI, SIK Ha TOYAaTKOBHMX TaK 1 Ha TIi3HIX eTamax TBEpPJiHHS, a TaKOX 3aXMCHUX
MOKPUTTIB Ui OeToHy. PamioHanbHe BUKOPHCTaHHS DOMCHHHX LITAKiB € BaKIUBUM PE3EPBOM
MiBUIICHHS €(PEKTUBHOCTI METANYPriiHOTO | IIEMEHTHOrO BHPOOHWITBA. JIOMEHHI NIIaKH €
MOBHOL[IHHUM  HPOJYKTOM Uil BUpOOHMITBA OyJiBEIbHUX MaTepiaiiB, BOHM IIUPOKO
BHKOPHCTOBYIOTBCSL Y OYAIBHUITBI IOpir | B CiTbCBKOTOCTIONAPCHKOMY TpH3HAYeHHI. [Ipu
BUPOOHMIITBI IIEMEHTY T'PaHyJIbOBAHUM JIOMEHHHI MHIIaK BHKOPHCTOBYETHCS y SKOCTI aKTHBHO
rigpaBiigHOi 100aBKH | B HEBEIMKOMY 00’€Mi - B SIKOCTI OJHOTO i3 KOMIIOHEHTIB CHPOBHHHOL
cyMmii.

TakuM YMHOM BHCOKI TIOKa3HUKM KIHETMKH Ha0Opy MIIHOCTI Ta eKcIulyaTalifHuX
XapaKTEPUCTHK CBITYATh PO JOBTOBIYHICT OTPUMAHHUX OCTOHIB, SIKi MOKYTh OyTH PEKOMEHJOBaHI
JI0 BUKOPHCTAHHS: B MOHOJITHOMY OYIiBHHIITBI, TIPH 3BEACHHI OyIiBelb 1 CIOPYJ CIELialbHOTO
npusHaueHHs (rimpoTexHiuHe OyIiBHHUITBO, [JOPOXHI OETOHM TOIIO), JUIS BHPOOHUIITBA
creniaibHUX OCTOHIB Ta OCTOHIB BHMCOKOI SIKOCTI, NMPU OTPUMAHHI 3aXHCHUX TOKPHUTTIB ISt
3aJ11300€TOHHUX BUPOOIB.

1. Meyer C. Recycled glass from waste material to valuable resource / C. Meyer // Recycling and Reuse of glass
Cullet: Proceedings of International Symposium, Dundee UK, 2001. — P. 1-10.

2.Ketov A.A. Peculiar chemical and technological properties of glass cullet as the raw material for foamed
insulation / A.A. Ketov // Recycling and Reuse of Waste Materials: Proceedings of the International Symposium.
Dundee UK, 2003. — P. 695-704.
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The purpose of the research is to study materials with increased values of physico-mechanical
and special properties for the production of high-quality concrete, obtaining protective coatings for
reinforced concrete products.

According to the results of studies of the compositions of Portland cement hydration products
with slag containing the optimal amount of ground glass powder, with different amounts of
granulated blast furnace slag, it was found that when the content of granulated blast furnace slag
increases from 20 to 60 wt. % in the composition of hydration products, the amount of highly basic
calcium hydrosilicates decreases and the amount of low-basic calcium hydrosilicates increases. The
highest strength values of the artificial stone obtained on the basis of Portland slag cement with a
content of 40% granulated blast furnace slag and 5% glass powder can be explained by the presence
of an increased amount of low-base hydrosilicates and zeolite-like phases in the composition of the
hydration products. Researches have proven the possibility of using the glass powder of container
glass as an active mineral additive, which affects the kinetics of increasing compressive strength
and the processes of material structure formation. As a result of the optimization, the range of
existence of the compositions of the binder was obtained, limited along the X1 axis from 25 to 55%,
along the X2 axis from 5 to 7.5%, and along the X3 axis by values of V/C from 0.243 to 0.33,
which allows obtaining artificial stone characterized by compressive strength of 30.0...106.0 MPa
during 2...90 days of hardening.

High values of compressive strength can be explained due to the interaction of the glass phase
of GDSh and the glass powder component of the binder with portlandite in the direction of the
formation of low-base calcium hydrosilicates, hydrogarnets and zeolite-like calcium
hydroaluminosilicates of the vaikarite, jismondine, and epistilbite type and sodium calcium
hydroaluminosilicates of the gonardite and thomsonite type. The proposed compositions of slag
portland cement modified with waste glass can be recommended for obtaining special-purpose
concretes with accelerated kinetics of strength gain, both at the initial and late stages of hardening,
as well as protective coatings for concrete. Rational use of blast furnace slag is an important reserve
for improving the efficiency of metallurgical and cement production. Blast furnace slags are a
complete product for the production of construction materials, they are widely used in road
construction and agricultural purposes. In the production of cement, granulated blast furnace slag is
used as an active hydraulic additive and, in a small amount, as one of the components of the raw
material mixture.

Thus, high indicators of the kinetics of strength gain and operational characteristics testify to
the durability of the obtained concretes, which can be recommended for use: in monolithic
construction, in the construction of buildings and structures of special purpose (hydraulic
construction, road concrete, etc.), for the production of special concretes and concretes of high
quality, when obtaining protective coatings for reinforced concrete products.

1.Meyer C. Recycled glass from waste material to valuable resource / C. Meyer // Recycling and Reuse of glass
Cullet: Proceedings of International Symposium, Dundee UK, 2001. - P. 1-10.

2. Ketov A.A. Peculiar chemical and technological properties of glass cullet as the raw material for foamed
insulation / A.A. Ketov // Recycling and Reuse of Waste Materials: Proceedings of the International Symposium.
Dundee UK, 2003. — P. 695-704.
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MeTor J0CTiPKeHb OyJ0 BHBYCHHS IMPOLECIB CTPYKTYPOYTBOPCHHS KPHCTANIB AUTiIpaTy
cynb(aTy Kalblil0 y MPUCYTHOCTI HOJIMEPHHX H00aBOK Ta BIUIMB MOP(OIOTii KPHUCTAIiB Ha
(hi3uKO-MeXaHiuHi BIACTHBOCTI TIIICOBOTO B'SHKYYOTO.

IlepoyeproBo Oyio BU3HA4YEHO BILIMB MoaudikoBaHoro irHocyibdonary Centrament
N9(S2) ma ¢isuko-MexaHiuHi BIACTHBOCTI TIilCOBOI B’sDKyduoi pedoBWHH. JlomaBaHHS M0GaBKA
Centrament N9 B kinbkocti 0,7% 103BOJISI€ 3HU3UTH MTOKA3HUK BOJIO-TIIICOBOIO CITIBBiHOIIEHHS Ha
6%, a Takox oTpHMaTH MinHICTs npH 3ruHi 4MIla Ta npu ctucky 10 IIMa, mo #a 25% ta 110%
Oinplue Hixk 0e3 Hel, BiTOBIIHO.

Ha apyromy erami poGOTH [isi BHBYCHHS BIUTHBY TO0ABKH HA CTPYKTYPOYTBOPEHHS Ta
MOP(OIIOTiI0 KPHCTAIIB IIICOBOTO B SDKYYOTr0O OyJIO IPOBEICHO BUPOLIYBAHHS KPUCTAIIB AUTiAPATY
cynabdaTy Kadbl[ifo METoAOM 3ycTpiunoi audysii y Boguux poszunnax CaCl2 ta Na2SO4 B
npucytHocTi  mobaBku  Centrament N9(S2).Mopdonoris kpucrana BH3HAYAIOE IIBUIKICTH
3pocTaHHs Woro rpadeil. JIuriapar rincy KpucTami3yeThes y TabauryacTiid, croBmyactiii (puc. 1) i
npu3MatnyHiii popmax 3 pozsunytumu (111), (010) i (110) rpansimu. Kpuctamy, mo yTBOPHIHCS
NPy BBEJCHHI T00ABKM MAlOTh TaOIMTYACTHIl BHIVISA 3 HEPEBAXHO po3BHHEHOIO rpanHio 010 i
(opMy ABIHHKKIB 3DOLIEHHS Y BUIJISL «XBICT J1acTiBKu» (puc. 2) 3 rpansmu spouenns 100 i 101.

» 2

Puc.1 - Burnsapg KpHCTaha CaSO 2H20 6e3 nobaBku  Puc.2- Burmsin kpucrana CaSO4 2H20 3 no6Gaskoro

B pesynbraTi ekcriepuMeHTy OyJ0 BCTAHOBICHO, IO J00aBKa 3MiHIOE MOpP]OIIOTrito
KPHCTAJIiB, CTBOPIOE OUIBII YIOPSAKOBAHY Ta IIIJIbHY CTPYKTYpY, IO BIUIMBA€ HA IiJBUIICHHS
MII[HOCTI.

1.Jlepes’sirko, Bikrop Mukonaiiouy, et al. "Brums cynepruracrugikaropa mc power flow 3100 Ha TexHiuHi
napaMeTpy JIUTiIpaTy cyibdaTy Kaubiito." 30ipHIK HAYKOBHX Ipailb YKPaiHCHKOTO JACPKaBHOTO YHIBEPCHTETY
3asizHudHOrO TpaHcnopty 196 (2021): 33-42.

2.Dino Aquilano, Fermin Otélora, Linda Pastero, Juan Manuel Garcia-Ruiz, Three study cases of growth
morphology in minerals: Halite, calcite and gypsum, Progress in Crystal Growth and Characterization of
Materials, Volume 62, Issue 2, 2016, Pages 227-251, ISSN 0960-8974,
https://doi.org/10.1016/j.pcrysgrow.2016.04.012.
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The purpose of the study is the processe of structure formation of calcium sulfate dihydrate
crystals in the presence of polymer additives and the influence of the crystals morphology on the
physical and mechanical properties of the gypsum binder.

First of all, the influence of the modified Centrament N9(S2) lignosulfonate on the physical
and mechanical properties of the gypsum binder was determined. Addition of Centrament N9 in the
amount of 0,7% allows to reduce ofthe water-gypsum ratio by 6%, and also obtain bendingstrength
is 4 MPa and compressionstrength is 10 PMa, which is 25% and 110% more than without using of
additive, respectively.

At the second stage of the work, in order to study the effect of the additive on the structure
formation and morphology of the gypsum binder crystals, calcium sulfate dihydrate crystals were
grown by the counter-diffusion method in aqueous solutions of CaClz and Na2SOx4 in the presence
of the Centrament N9(S2). The morphology of the crystal determines the rate of its facesgrowth.
Gypsum dihydrate crystallizes in tabular, columnar (Fig. 1) and prismatic forms with developed
(111), (010) and (110) faces. The crystals formed during the introduction of the additive have a
tabular form with a predominantly developed facet 010 and the form of splice twins in the form of a
"dovetail" (Fi with splice faces 100 and 101.

- [.&

Fig. 1 - The appeafance ofthe crystal CaSO4 Fig. 2 - The appearance of the crystal CaSO4 2H20
2H20without using of additive withthe use of additive

As a result of the experiment, it was established that the additive changes the morphology of
the crystals, creates a more ordered and dense structure, which affects the increase in strength.

1.V. Derevianko, et al. "INFLUENCE OF SUPERPLASTICIZERS MC POWER FLOW 3100 ON CALCIUM
SULPHATE DIHYDRATE TECHNICAL PARAMETERS" 36ipHuk HayKOBHX Hpalb YKpaiHCHKOTo
JIeP)KaBHOTO YHIBEPCHTETY 3ali3HUYHOTO Tpancmopty 196 (2021): 33-42.

2.Dino Aquilano, Fermin Otalora, Linda Pastero, Juan Manuel Garcia-Ruiz, Three study cases of growth
morphology in minerals: Halite, calcite and gypsum, Progress in Crystal Growth and Characterization of
Materials, Volume 62, Issue 2, 2016, Pages 227-251, ISSN 0960-8974,
https://doi.org/10.1016/j.pcrysgrow.2016.04.012.
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Mera gocmiIKeHHs —[I0Ka3aTH MOXIINBOCTI BUKOPUCTAHHS HAHOMOAU(DIKOBAaHUX IIEMEHTHHX
KOMITO3HILH JUIs aIUTHBHOTO Oy iBHUIITBA.

ByniBenpHa rany3p Mae IBHJIKO pearyBaTH Ha 3MIHM B CBIiTi, BIPOBA/KYIOUH TE€XHOJIOTIUHI
inHoBanii. Hecraua poGouoi cwau Ta 1MppoBa pPEBOJIOUIS POMHCIOBOCTI  BUKIIUKAIH
TpaHchOpMaLil0 TPATUIIHHUX METOIB OymiBHUITBA. OCTaHHI JECATHIIITTS TOKa3ajld CTPIMKHIA
posBurok aaurtuBHEX Texuomorii (AT), mo sikmx BimHocuthest i 3-D  apyk  OyaiBenbHHX
KOHCTPYKIIIH. AZUTHBHI TeXHOJIOrii 6a3yI0ThCsl HA CTBOPEHHI KOHCTPYKILI MIIAXOM IOIIapOBOTO
HAHECEHHs OETOHHOI CyMillli 3a JOIOMOTOI0 COIUIA HA OCHOBI JaHMX KOMII'FOTEPHOI TPUBHMIPHOL
mozeni (pucl, 2)[1].

V5

Puc.1 — Cxema ycranoBku 3-D npyky : 1.Kontponep

po6ota. 2.Kourposnepapyky. 3.PodornzoBanapyka.4.I'omiBk

a ipyky. 5.IIpuckoproBaurBepainns. 6.Hacoc Puc.2 —Tlpuknazn 3-D npyky KOHCTPYKILi
Jutst ipuckoproBayva. 7.Hacoc st cywmimi. 8. Mikcep.

9.06'ext 3D-mpyky [1].

B OyIiBHHITBI OCHOBHUMH MaTepialaMd aJUTHBHHUX TEXHOJIOTIH CIIy)aTh NpiOHO3EpHUCTI
OCTOHH Ha OCHOBI LICMEHTHUX MATPHIIb, TIMHUCTI KOMIIO3UTH Ta IeOMoIiMepHi MaTepianu [2].

CTpykTypHi Ta  (YHKIIOHAJIbHI BJIACTHBOCTI MaTepiaJliB MOXYTh OyTH IOKpameHi 3a
paxyHOK Mojudikamii MaTpulll J00aBKaMyd HEOPTaHIYHOTO Ta MOJIMEPHOTO CKJIay, pi3HOi Gopmu
Ta po3mipiB. [Ipu nbOMy BaXIMBHM € CTBOPEHHS HEOAHOPiNHMX, QYHKIIOHATBHO IpadyHOBaHUX
MarepiaiiB 3 OE3MEPepBHOI0 IMPOCTOPOBOIO 3MIHOK BJIACTHBOCTEl, IO BHMAararTh MCHIIE
CHPOBHHHHX PECYPCiB 3 YTBOPEHHSIM MEHIIIOI KiTbKOCTI Biaxomis [3].

3 TOYKHM 30py BiANOBIOHOCTI MaTepialiB KOHLEMIIi CTAJIOro PO3BHTKY, HNEPCHEKTHBHUM €
3aCTOCYBaHHS IIEMEHTHUX MATpPHUIb HAa OCHOBI BIJXOJIB IPOMHCIOBOCTI, a came, IIAKo- Ta
30JIOBMICHUX, MOAU(IKOBAHUX CHIIKATHUMHU Ta AITIOMOCHIIKATHUMH J100aBKaMH, 3 JOJaBAHHSIM
HAHOPO3MIPHUX BYTJICIIEBUX HAHOTPYOOK [3].

1. C. Gosselin, R. Duballet, P. Roux, N. Gaudilliére, J. Dirrenberger, P. Morel.Large-scale 3D printing of ultra-
high performance concrete — a new processing route for architects and builders. Mater. Des., 100 (2016), pp. 102-
109.

2. F.Bos, R. Wolfs, Z. Ahmed, T. Salet.Additive manufacturing of concrete in construction: potentials and
challenges of 3D concrete printing.Virtual and Physical Prototyping, 11 (2016), pp. 209-225.

3. Plugin A., Pushkarova K., SukhanevychM.Nanomodified cement composites for thin walled architectural
structures// Innovative Technology in Architecture and Design (ITAD 2020) IOP Conf. Series: Materials Science
and Engineering 907 (2020) 012030 IOP Publishing.
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The purpose of the study is to show the possibilities of using nanomodified cement
compositions for additive construction.

The construction industry must respond quickly to changes in the world by introducing
technological innovations. Labor shortages and the digital revolution of the industry have caused
the transformation of traditional construction methods. Recent decades have shown the rapid
development of additive technologies (AT), which include 3-D printing of building structures.
Additive technologies are based on creating a structure by applying concrete mix layer by layer
using a nozzle based on the data of a computer three-dimensional model (Fig. 1, 2) [1].

Fig. 1 - Scheme of 3-D printing installation :
1.Robot controller, 2.Controller of printing, 3.Robotic

arm, 4.Print head, 5.Curing accelerator, 6.Pump for the Fig. 2 - An example of 3-D printing of a
Accelerator, 7.Pump for mixture, 8.Mixer, 9.3D printing structure
object [1].

In construction, the main materials of additive technologies are fine-grained concrete based on
cement matrices, clay composites, and geopolymer materials [2].

The structural and functional properties of materials can be improved by modifying the matrix
with inorganic and polymeric additives of various shapes and sizes. At the same time, it is important
to create heterogeneous, functionally graded materials with continuous spatial variation of
properties that require fewer raw materials and generate less waste [3].

From the point of view of materials' compliance with the concept of sustainable development,
it is promising to use cement matrices based on industrial waste, namely, slag and ash-containing,
modified with silicate and aluminosilicate additives, with the addition of nanosized carbon
nanotubes [3].

1. C. Gosselin, R. Duballet, P. Roux, N. Gaudilliére, J. Dirrenberger, P. Morel.Large-scale 3D printing of ultra-
high performance concrete — a new processing route for architects and builders. Mater. Des., 100 (2016), pp. 102-
109.

2. F.Bos, R. Wolfs, Z. Ahmed, T. Salet.Additive manufacturing of concrete in construction: potentials and
challenges of 3D concrete printing.Virtual and Physical Prototyping, 11 (2016), pp. 209-225.

3. Plugin A., Pushkarova K., SukhanevychM.Nanomodified cement composites for thin walled architectural
structures// Innovative Technology in Architecture and Design (ITAD 2020) IOP Conf. Series: Materials Science
and Engineering 907 (2020) 012030 IOP Publishing.
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3aBISIKM CBOIM MEXaHIYHUM Ta eKCIUTyaTalliiHUM BJIACTUBOCTSM JIEPEBHHA, IIHPOKO
3aCTOCOBYEThCSI B OyMIBHMUTBI M apXITEKTypi, NpOTe MiJ BIUIMBOM aTMOC(EPHUX UHUHHHKIB
pyiinyerscest [1]. Tomy uist migBuieHHs piBHs eKkciutyaranii Oy(iBelbHIX KOHCTPYKIIi 3 AepeBHHH
MPOBOAUTHLCS 11 TepMiuHe MOU(]iKyBaHHs, CyTb SKOIO IOJArae B HAJaHHI JIEPEeBHHI 3/1aTHOCTI
MPOTUCTOSATH, HAMPUKIAM, il BOJOTH Ta 3amodiraTu OiONOTIYHINA AECTPYKIIi JepeBUHH, alie Taka
JIePeBUHA € TOPIOY0I0. 3HMKEHHS TIOXKEKHOT HeOes3nekn OyaAiBeNbHOT JIepPEeBHHN € 3aBJaHHSAM He
JIMIIE EeKOHOMIYHHM, a Ma€ COIialbHy Ta eKOJIOTIYHY CHpSIMOBAHICTh. BpaxoByrouw, 110
BOIHE3aXUCT CHOTO/IHI MOBMHEH HE TUIbKU 3a0e3MeuyBaTH HOPMOBAHY BOTHECTIHKICTD TEPEBHHH, a
TakoXk 30epiratu 11 ekcruryatauiiini BiaactuBocTi. ToMy 3 €KOHOMIYHOi, TEXHOJIOTIYHOI Ta
€KOJIOTIYHOI TOUOK 30py BAXKIIMBUM MUTAHHSM I0JI0 3a0€3MEeYCHHS KUTTEMISUIBHOCTI Ta HAAIHHOTO
(dyHKIiOHYBaHHS 00’€KTiB OyAIBHHIITBA 3 TEPMIYHOMOAM(IKOBAHOT [EpPEeBUHH € pPO3poOKa
IHTYMECIIEHTHUX MOKPHUTTIB A1 11 3axucTy [2-5].

JInst BCTAaHOBJIGHHS 1HAEKCY TOPIOYOCTi OyniBenbHOI KOHCTPYKLIT 3 TepMiuHOMOMupikoBaHOT
JIEPEeBUHM BUKOPMCTOBYBAJIM HACTYIHI 3pa3ku: HeoOpoOieHuid Ta 0OpOOJEeHUH BOIHE3aXHCHUM
IHTYMECIIEHTHUM IIOKPUTTSM Ha OCHOBI OpPTaHIYHHX Ta HEOPraHIYHWX PEYOBHH 3 BHTparoro 260
r/m? (puc. 1).

a

R

Puc. 1. 3pas3ok TtepmidHOMOAM(IKOBaHOI JEpeBUHU. a — HEOOpoOieHMil; © — BOrHE3axXHILUECHUI
IHTyMeCHeHTHI/IM l'lOKpl/lTTﬂM
ExcniepuMeHTaIbHIME TOCTIIKEHHAMHU 3 BCTAaHOBJICHHS M0KEKOHEOEIEUHHX BIACTHBOCTCH
TepMIiYHOMOM(IKOBAHOI IEPEBHHM MOKA3aHO 3aropaHHs HEoOPOOJICHOro 3pas3ka, HATOMICTBH UL
BOTHE3aXMIIEHOTO — MpOLeC 3aiiMaHHS Ta MOLIMPEHHS NHoiyM’st He BinaOyBcs. [anbmyBaHHsS
mpouecy 3aliMaHHA Ta IIOLIMPEHHS NOJYM’S JUIi TaKOro 3pa3ka IIOB’sS3aHE 3 PO3KIALOM
AQHTHIIPEHIB MiJ Ai€0 TeMIepaTypH 3 MOIIMHAHHIM TeIUla Ta BUAUICHHSIM HErOprOYHX rasis (a3or,
TIOKCHH BYTIJICIIO), 3MIHOIO HAIPABICHHS PO3KJIALy B CTOPOHY YTBOPEHHSI HETOPIOYMX TasiB i
BaXKOIOPIOYOro KOKCOBOTo 3anuiiky [1, 3].

1. Ianko FO.B., Bornaperko O.I1., Iarko O.YO. ITepcrekTrBr 3acTOCYBaHHS BOTHE3AXHILIEHOTO OYePeTy Ha 00’ €KTax Pi3HOTO
nipr3HaveHHs1. Bicauk OziechKoi iepykaBHOT akaiemil Oy iBHHIITBA Ta apxitektyp, 2019. Bu. 75. C. 98-107.

2. Iarxo FO.B., IMinuescska O.0., Larko O.FO. BeraHOB/EHHS yMOB 3aCTOCYBAHHST BOTHE3aXUILCHOI IGPEBUHH Ha 00 €KTax
pisHoro npr3HaveHHst. Haykoswii Bichnk HITTY Yipainy, 2019. Tom 29, Ne 2. C. 99-102.

3. Harxo FO.B.Harko O.10., boumaperko O.I1.,, Cyxaresia M.B. Acriekti po3po0IIeHHsT BOTHE3aXHCHUX KOMITO3ULIHN st
KOHCTPYKIIH 3 TEKCTUIBHUX 3aMHCTUX BUPOOiB. BicHnk OnecbKol JepikaBHOi akazieMii Oy 1iBHULITBA Ta apXITeKTypH.
Opeca: OITABA, 2021. Bu. 83. C. 93-101.

4. Tsapko Y., Tsapko A., Bondarenko O. Research of the mechanism of protecting wood with intumescent coating. Technology
audit and production reserves, 2020. No 5/3 (55). P. 19-23.

5. Tsapko Yu., Rogovskii I., Titova L., Bilko T., Tsapko A., Bondarenko O., Mazurchuk S. Establishing patterns of heat transfer
to timber through a protective structure. Eastern-European Journal of Enterprise Technologies, 2020. Vol. 6, No 10 (108). P.
65-71.
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Fire protection of thermally modified wood with an intumescent coating.
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Diana Zherebchuk?, Bachelor Student, http://orcid.org/0000-0002-7174-132X

IKyiv National University of Construction and Architecture in Kyiv,
2Scientific Research Institute for Binders and Materials in Kyiv

Due to its mechanical and operational properties, wood is widely used in construction and
architecture, but it is destroyed under the influence of atmospheric factors [1]. Therefore, to
increase the level of exploitation of building structures made of wood, its thermal modification is
carried out, the essence of which is to give wood the ability to resist, for example, moisture and
prevent biological degradation of wood, but such wood is combustible. Reducing the fire hazard of
construction timber is not only an economic task, but also has a social and environmental focus.
Given that fire protection today should not only ensure the standardized fire resistance of wood, but
also preserve its operational properties. Therefore, from the economic, technological, and
environmental points of view, an important issue in ensuring the vital activity and reliable
functioning of construction objects made of thermally modified wood is the development of
intumescent coatings for its protection [2-5].

To determine the flammability index of a building structure made of thermally modified
wood, the following samples were used: untreated and treated with a fireproof intumescent coating
based on organic and inorganic substances with a consumption of 260 g/m? (Fig. 1).

a b S

Fig. 1. A sample of thermally modified wood: a — untreated; b — fireproof with intumescent
coating
Experimental studies to determine the fire hazardous properties of thermally modified wood

showed the ignition of an untreated sample, while for a fire-protected sample, the process of
ignition and flame spread did not occur. The inhibition of the process of ignition and flame spread
for such a sample is associated with the decomposition of flame retardants under the influence of
temperature with heat absorption and the release of non-combustible gases (nitrogen, carbon
dioxide), a change in the direction of decomposition towards the formation of non-combustible
gases and a highly combustible coke residue [1, 3].

1. Tsapko Y.V., Bondarenko O.P., Tsapko O.Y. Prospects for the use of fireproof reeds at facilities for various purposes. Bulletin of

the Odesa State Academy of Civil Engineering and Architecture, 2019. Issue 75. P. 98-107.

2. Tsapko Y.V., Pinchevska O.0., Tsapko O.Y. Establishment of conditions for the use of fireproof wood at objects for various

purposes. Scientific Bulletin of NLTU of Ukraine, 2019. Issue 29, No 2. P. 99-102.

3. Tsapko Y.V., Tsapko O.Y., Bondarenko O.P., Sukhanevych M.V. Aspects of development of fire protection
compositions for structures made of textile flammable products. Bulletin of the Odesa State Academy of Civil
Engineering and Architecture. Odesa: OSACA, 2021. Issue 83. P. 93-101.

4. Tsapko Y., Tsapko A., Bondarenko O. Research of the mechanism of protecting wood with intumescent coating.

Technology audit and production reserves, 2020. No 5/3 (55). P. 19-23.

5. Tsapko Yu., Rogovskii I., Titova L., Bilko T., Tsapko A., Bondarenko O., Mazurchuk S. Establishing patterns of

heat transfer to timber through a protective structure. Eastern-European Journal of Enterprise Technologies, 2020.

Vol. 6, No 10 (108). P. 65-71.
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W@ JIIPA-CANMP

MporpaMHuiA KOMNJIEKC A1 PO3paxyHKY, NPOeKTYBaHHA,
MozeNlioBaHHA NPOLLECiB XXMTTEBOI0 LMKAY 6yAiBeNIbHNX KOHCTPYKLLiA

»  Peanisauis TexHonorii BIM. [IBOCTOPOHHiN
3B'A30k Revit - JIIPA-CAIP - Revit, Tekla -
JIIPA-CAIP - Tekla. IHTerpauis 3 AutoCAD,
ArchiCAD, Advance Steel, Allplan,
CTAPKOH, Gmsh, MS Word, MS Excel, Ta
iH.

> MoTyxHui 6araTodyHKLiOHaNbHWI
NpoLLecop, KU peanisye LBWUAKOAI0Yi
anropuTMK CKNagaHHs i pilleHHs cuctem
PiBHSIHb 3 MOPSAKOM [0 AEKiNbKOX MiflbNOHIB
HEeBIOOMUX.

»  PosBuHeHa GibrioTeka CKiHYEHHNX
efieMeHTiB, Lo J03BOSISIE CTBOPOBATU
KOMMN'tOTEPHI MOAENi NPaKTUYHO ByAb-SKMX
KOHCTPYKL#A,

> MogernoBaHHS NPOLECIB XUTTEBOIO LUKy
KOHCTPYKLIii T8 KOHCTPYKTUBHUX CUCTEM, SKi
BKIHOYAOTb MOAENOBaHHS npoLecy
3BE[IEHHS, NPOrpecyryoro 06BaneHHs, 3mMiHn
HOC B yaci i iH.

»  CynepenemeHTHe MOIeroBaHHs 3
Bidyani3auieto Ha BCiX eTanax po3paxyHky, Lo
[03BOMSE 3HATU Byab-siki OBMEXEHHS Ha
po3mip po3B'a3yBaHOi 3a4aui.

»  MoxnumBiCTb po3paxyHKy Ha pisHi Buam
OVHaMIYHKX Oin (cencmika, BiTep 3
ypaxyBaHHAM nynbcaldlii, BibpauinHi
HaBaHTaXeHHs, iMNynbC, yaap, BiANOBIAb-
CMeKTp, cecMika Ha OCHOBI akceneporpamu).
[nsa ceMcMivYHUX BNNUBIB peanizoBaHi HopMu
Ykpainn, KasaxcraHy, AsepbanmxaHy, [pysii,
DdpaHuii, Armkunpy, Pocii, Typuii Ta iH.

> Mogyni BpaxyBaHHs (i3VN4HOi HENiHINHOCTI
Ha OCHOBI Pi3HMX HEMIHINHUX 3aNexXHOCTeN
s-e, Lo 3abes3neyyoTb MOXNMBICTb
KOMM'IOTEPHOr0 MOAEMIOBAHHA NPoLecy
HaBaHTaXXeHHS MOHO- i BGi-maTepianbHUX
3ani306eTOHHMX KOHCTPYKLiN 3
[OCNIAXEHHAM TPILLMHOYTBOPEHHS, MPOSABOM
Aedopmalii NoB3y4OCTi | TEKYHOCTi ax Ao
OTPVMMaHHS KapTUHW PYNHYBaHHSI KOHCTPYKLT.

»  Mopayni BpaxyBaHHsi reOMETPUYHOI
HENiHINHOCTI, WO [03BONSATbL NPOBOANTU
PO3PaxyHOK Takux KOHCTPYKLiN, SK FHYYKi
nnuTn, 06ONOHKN OKPeMi kaHaTW, BaHTOBI
depmu, BUCSYI NOKPUTTSA, TEHTU, MEMOpaHWMi
iH.




W@ JIIPA-CANMP

MporpamMmHMii KOMMNJIEKC A/ PO3PaxXyHKY, NPOeKTYBaHHSA,
MofeniloBaHHSA NPoOLLeciB XXMTTEBOro LUKy 6yAiBeNIbHUX KOHCTPYKLLiA

> Po3paxyHkoBo-rpadivHa cuctema
TennonposigHicTb. HeniHinHa
TENoNpPOBIHICTb_ AN CTEPXKHEBUX,
nnacTtuHyacTux ta o6'emHmx KE.
MoxnmBiCTb CTBOPIOBATU 3AKOHU 3MiHU
KoeqiLjieHTa TennonpoBigHOCTI, kKoedilieHTa
TENrI0EMHOCTI Ta NMUTOMOI Barn 3anexHo Big
Temneparypu.

> Po3paxyHkoBo-rpadivHa cuctema
BorHecTinkicTe. ABTOMaTM30BaHWi Ninbip
apmyBaHHs Ans 3abeanevyeHHs HeobxigHoI
MeXXi BOrHECTIKOCTi 3ani306eTOHHMX i
cTane3anisaobeToHHUX KOHCTPYKLN 3a
03HaKO0 BTpaTW HeCy4oi 34aTHOCTI 3rigHo 3
Hopmamu CTO 36554501-006-2006
Ta[lCTY-H B EN 1992-1-2: 2012.

»  Cuctemu Ans po3paxyHKy i NPOEKTyBaHHs
3ani3ob6eTOHHMX, apMOKaM'aHUX i CTaneBmnx
KOHCTPYKLI BiANoBiAHO O HOPMAaTUBIB
KpaiH Ykpainu, KasaxctaHy, Pocii Ta €sponu.

i FECY AT IErs AT

Po3paxyHkoBo-rpadivyHa cuctema MpyHT.

Y vy

PospaxyHkoBo-rpadiyHa cuctema
KoHCTpyKTOp nepepisis.

> Mporpecytoye obBaneHHs - cnewjanisoBaHa
cuctema, gka Bignosigae YNHHUM
pekoMeHaaLisM ANt MOAENOBAHHS
NoBefiHKN KOHCTPYKLi Byaisens i cnopyd y
pasi aBapiH1X BNMAMBIB, L0 BUKINKaNW
roKarnbHi PyNHYBaHHS OKPEMUX HECYYMX
€IleMEHTIB.

> CneujanisoBaHui JOKYMEHTaTOp, LU0
[[03BoMsie hOpPMyBaTH 3BT, LLIO CKNagaeTbCcs
3 TEKCTOBOI, Tabnn4HOI i rpachivHoT
iHdpopmalLlii 3 hopmyBaHHAM dannis Ans
MS Office.
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JITPA-CAIIP - nHaniiine nporpaMHe 3a0e31e4eHHs ISl AaHATI3Y KOHCTPYKILiH
OyniBesib Ta CIOPY/ cHENiaJbHOr0 NPU3HAYEHHS

Mapisn Bapabaw, ookmop mexu. Hayk, npogecop, npogpecop kagedopu Komn’romepHux
mexunonoziil 6yoisHuymea ma pexoncmpykyii aeponopmie, HAY, oupexmop TOB «JIIPA

CAIIP»https://orcid.org/0000-0003-2157-521X

Komn’'toTepae MOJETIOBaHHA B YMOBaX BifiChKOBHX Ailf HaOyBae HOBOI akTyampHOCTI. Crae
B&XJIMBUM HE TUIBKH TPAAMIIHHO BH3HAYaTH HAIPYKEHO-Ie)OPMOBAHUI CTaH BiIMOBIIHOT
(hikcoBaHOT PO3PaxyHKOBOI MOJENi, a i 31MCHIOBATH KOMII FOTEPHE MOJICIIOBAHHS TPOLECIB, SIKI
BifOyBAIOTHCS HA MPOTSA31 KUTTEBOTO LUKIY OYyHiBEIBHOrO 00’€KTy. IHCTpYMEHTH IPOrpaMHOrO
xomiuiekcy JIIPA-CAIIP 103BOJISIFOT MPOBOJUTH CKJIAJHI HAyKOBI JOCIIUKEHHSATA CTaBHTH
YHCENIbHI EKCIIEPUMEHTH, L0 OCOOJIMBO BaXJMBO ISl PO3paxyHKy OyZiBenb Ta CIOPYI
CHELIALHOTO MPU3HAYCHHS, B TOMY YHCII Ha Pi3HI BHIM CIHCHIAIBHUX BIUIMBIB, TaKi SK yAapHa
XBUJISI, IPOTH/IiSI IPOTPECYOYOMY PYHHYBaHHIO, BOTHECTIHKICTB Ta 1HIIII.

Iporpamunit  xommiekc  JIIPA-CAIIP  no3Bonsie  peamizyBaTH  HOBI  KOHLEMIT
ABTOMATH30BaHOI'O TPOCKTYBaHHs, a CcaMe CTBOPEHHs IHTErPOBaHOL JHIT
MpoeKTyBaHHs OyaiBesnbHUX 00'ekTiB. Ha 6a3i xonuenuii BIM opranizoBanuii edexTuBHUN 3B'130K
MPOTPaMHUX KOMIUICKCIB PI3HOTO MPU3HAYCHHSI, IO JIO3BOJISIE IMIIOPTYBATH apXiTEKTypHI MO 3
pisaux ¢opmaris (IFC, DWG, SAF Ta iHIi.) Ta eKCIOPTYBaTH Pe3yJbTaTH PO3PaXyHKY y pi3Hi

TEXHOJIOTIYHOT

rpa¢iuHi IporpaMHi KOMILIEKCH OyAiBeIbHUX 00'€KTIB.
B IIK JIIPA-CAIIP nounnatoun 3 Bepcii 2021 peanizoBani iTepariiini (i3uuHO HeTiHIHHI

CKiHUeHHI eseMeHTH [1].
Itepauiiini ¢isnuno weniniiini CE (cTepkHeBi, miacTHYAcTi Ta 006'€MHi), 3 ypaxyBaHHIM
PO3BaHTAKEHHS PEaNli3yI0Th TEOPil0 MPY>KHO-IUIACTUYHOCTI Ta MOXKYTh 3aCTOCOBYBATUCS SIK IS

CTaTUYHHUX, TaK 1 U JUHAMIYHUX PO3PAXyHKIB.

5
S

Puc. 1. liarpama po6otu itepauiiinux CE 3 po3BaHTaXEHHAM
meroq 1 — miko-opieHTOBaHa ricrepe3ucHa

PeanizoBaHo 2 MeTOIM PO3BAHTAKEHHS:

MOJICITb;METOJT 2 — MOJICIIb 3 130TPOITHIM 3MilHCHHSIM.
3acTrocyBaHHs iTepalliiHUX CKIHYEHHHX EJIEMEHTIB JIa€ MOXIJIMBICTh BPaxXyBaHHS IJIACTUYHOT

poboTH MaTepialliB, pO3BAHTAXKCHHS 10 IOYaTKOBOMY MOYJIIO TIPYKHOCTI.

Haii6inpir  akTyanbHe BHKOPUCTAHHS ITE€pAlliiHUX (PI3UYHO HENIHIHHUX CKIHYCHHHX
€JIEMEHTIB y PO3paxyHKaxX CeHCMOCTIMKOro OyAiBHHLTBA Ta Mporpecyrouoro odosaneHHs. Tomy ix
MOJKJIMBO BHKOPHCTOBYBATH CaMe B PO3paxyHKax Ha JMHAMIYHI HaBaHTA)KCHHsS [PH MPOEKTYBAHHI

3aXMCHUX CIIOPY.
1. Barabash M. Someaspects of modelling nonlinear behaviour of reinforced concrete / MariiaBarabash //

Strength of Materials and Theory of Structures. — 2018. — Ne 100. — P. 164-171.
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LIRA-SAPR - reliable software for the analysis of buildings
and other unique structures

Mariya. Barabash, doctor of technical sciences, professor, professor of the Departmentof
Computers Technologies of Building and Airports Reconstruction, NAU, director of LIRA
SAPR Ltd, https://orcid.org/0000-0003-2157-521X

Computer modelling in wartime is becoming increasingly important. It is essential not only to
determine the stress-strain state of a certain design model but also to carry out computer modelling
of processes that occur during the life cycle of a structure. The LIRA-SAPR tools enable the user to
do scientific research and numerical experiments; they are particularly important for the analysis of
unique buildings and structures, including analyses on different types of special loads such as
impact, progressive collapse, fire resistance, etc.

The integrated technological line for the design of building projects is one of the new
concepts in computer-aided design that may be implemented with LIRA-SAPR software. According
to the BIM concept, an efficient integration of different software is set up: architectural models may
be imported from a variety of file formats (IFC, DWG, SAF, etc.), and analysis results may be
exported to a variety of graphical software.

From LIRA-SAPR version 2021, the program includes iterative physically nonlinear finite
elements [1].

The theory of elastic-plastic material behaviouris implemented with iterative physically
nonlinear finite elements (bar, plate, and solid) with account for unloading. These elements may be
used for both static and dynamic analyses.

a

Fig. 1. Behaviour of iterative FEs with unloading

Two methods of unloading are implemented: method 1 - peak-oriented hysteresis model;
method 2 - model with isotropic strengthening.

If the iterative finite elements are applied, it is possible to take into account the plastic
behaviour of materials and unloading according to the initial modulus of elasticity.

The iterative physically nonlinear finite elements are especially helpful in the earthquake
analysis and analysis of progressive collapse. Therefore, they may be used specifically in dynamic
analysis for the design of protective structures.

1. Barabash M. Someaspects of modelling nonlinear behaviour of reinforced concrete / MariiaBarabash // Strength
of Materials and Theory of Structures. — 2018. — Ne 100. — P. 164-171.
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MeTtoauka oniHku ceficMocTiiikocTi OyaiBeIbHUX KOHCTPYKUIM Ta cnopya
atomHux eaexkrpocranuiii B [IK JITPA CAIIP

FOpiii Tenzepcokuii kano.mexu.nayk, 2on06Hutl koncmpykmop https://orcid.org/0000-0003-
1957-1236

Isan Tpycoé?, nauanvuux 8i00iny oyinKu celicMoCmiliikocmi cydcou mexnivnoi niompumxu
npooosacenns excnayamayii BIT " Haykoeo-mexuiunuti yenmp", https://orcid.org/0000-0002-
9351-6633

o606 Iepeywosa®, nposionuii indicenep 8iddiny oyinKi celicMoCmitikocmi cysncou
mexniunoi niompumku npooossicenns excnayamayii BI1 " Haykoso-mexniunui

yenmp" https://orcid.org/0009-0004-7706-8131

1TOB «JIIPA CAIIP>,
23111 HAEK EHEPTOATOM

Mera [OCIIUKCHHS —3alIpONIOHYBATH aITOPUTM BU3HAUCHHSA BEIMYMH napamerpiB FS Ta
HCLPF s OynaiBenbHux KoHCTpykiii B «JIIPA-CAIIP». TlpoBectd mMOpiBHAHHS poOOTH
3aIPOIIOHOBAHOTO AITOPUTMYTA ICHYIOUHX METO/IB HENiHIHHOTO PO3PaXyHKY.

Jnst 3a7i300€TOHHMX TIepepi3iBB SKOCTI MapaMerpa BU3HAYCHHsS KoedilieHTa CeiCMiYHOro
3anacy FS npuitHaTo 3HavyeHHs BigHocHOi aedopmanii - & . Takum yuHOM dopmyna st
BU3HAYCHHS KOe(Dil[iEHTa CEHCMIYHOTO 3aracy MaTUMe BHIJISL

P .

- . - I‘“a':-_’-’NSsi ]

S =minfFs, , FS. = |——

: : 1 Dssp 1
ne:i— Homep rabapuTHOI Touku nepepisy (i = 4 s Beix BUAIB mepepisiB KpiM xpecra, | = 8

IUISL XpecTa);
Dys. — BimsocHi nedopmanii Bix Jii HecelicMiYHIX HABAHTAXKEHb, IO BXOIATH y BU3HAUCHY
g

KoMmOiHaIiio HaBaHTaxeHb (Uit BusHaueHHs C);

D¢ - BinHocui aeopmauii Bin Aii ceficMiuHMX iHEpUIHHMX HABaHTaXCHb 3 ypaxyBaHHIM
nonepeaboro HJIC Bij criony4yeHHs CTATHYHNX HABAaHTAXKEHb,

Cfl, — BiJHOCHI Jiedpopmartii BiJ1 1iT MAKCUMAIbHO MOXKJIMBOT KOMOiHAIIIT 3yCHIIb, 10 BUTPUMYE
nepepi3. ToOTO MakcUManbHa HeCy4a 3AaTHICTh Iepepisy.

Jliist mepepi3iB crajieBUX €IEMEHTIB JOMyCTUMe 3HaveHHs mapamerpa C Oyje JOpiBHIOBATH
JIOMyCTHMOMY HAIPYXKSHHIO B MOIepedHoMy mepepisi exementa [6]. D_NS crane nampyxeHHsIM
Bix HecelicMiuHnX HaBaHTaxkeHb G_NS, a D_S — Hanpy>keHHsM Bij CeiiCMiYHUX HaBaHTaXXEHb G_S.

Omxe: py = D=
&,

VY dhopmyi posainumo Bei wienn Ha [6] Ta momuO)HIMO Ha 100%:
FS = (100% - [c)/[c] — 100% - 6_NS/[c])/(100% - c_S/[c]),
mpu pomy: 100%-[c]/[c] = 100%
100%-0_S/[c] = 1S — BiZICOTOK BHUYEPIIAHHS HECYUOI 3ATHOCTI BiJl CEHCMIYHIX HABAHTAKCHb
100%-c_NS/[c]=IIns-mpoueHT BHYEpHIAHHA HECY4oi 3[AAaTHOCTI  BiA  HeCEHCMIYHHX
HABaHTAXKCHb.
OtpumaemMo:FS = (100% - IIns)/ I1s
IMapametp FS MoxHa BupaxyBaTu IO HMpOIEHTAaM BHYEPIIAHHS Hecydoi 3aaTHOCTI [Ins ta IIs
HE JMIIe I8 IEPeBIPKHM HANpPyKeHb, TOOTO MILIHOCTI eJeMEHTa, ale W Juisi NepeBipku HOoro
CTIMKOCTI, MICLIEBOT CTIMKOCTI HOTO MOJIHMIb TA CTIHOK, @ TAKO)X TPAHUYHOT THYYKOCTI.

1. MT-T.0.03.326-13 «Meroauka po3paxyHKOBOro aHaji3y ceiicmocrtiiikocti enementis aitounx AEC y pamkax
METO/Iy I'PAaHMYHOT CEHCMOCTIIKOCTI».

2. |IAEA-TECDOC-1487. Advanced nuclear plant design options to cope with external events, 2006

3. IAEA-TECDOC-724. Probabilistic Safety Assessment for Seismic Events», 1993.

156



Seismic stability analysisof building structures and nuclear power plants
(methodology for LIRA-SAPR software)

Yury Genzerskyy?, PhD, '.,chief designer, https://orcid.org/0000-0003-1957-1236

Ivan Trusov?, head of the department for seismic stability analysis; technical support service
for the continuation of theoperation, https://orcid.org/0000-0002-9351-6633
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23 tdSE NNEGC 'Energoatom’

The purposes of the study are: 1) to propose an algorithm for the LIRA-SAPR software to
compute the values of the FS and HCLPF parameters for building structures; and 2) to compare the
proposed algorithm with available methods for nonlinear analysis.

The value of relative strain ¢ is used as a parameter to compute the seismic safety factors FS
for reinforced concrete cross-sections. As a result, the following equation will be used to compute
the seismic safety factors:

. . i _ IC-'E_D“"_SEE ]
F§f =minFs,, F5 = !Tl
where:

i— the number of the characteristic point of the section (i = 4 for all types of sections except
the cross, i = 8 for the cross);

Dy, —telative strain due to the non-earthquake loads included in the specified combination of

loads (to determine C);
D~ relative strain due to the earthquake inertial loadswith account of previous stress-strain

state from the combination of static loads;

c. relativestrain due to the max possible combination of forces that the section can take. That
is, the max bearing capacity of the section.

For sections of steel elements, the allowed value of parameter C will be equal to the allowed
stress in the cross-section of the element [c]. The stress from non-earthquake loadsc_NS is denoted
by D_NS, while the stress from earthquake loadsc_S is denoted by D_s.

So:

[El—-ane

F5 =

In the formula, divide all components by [c] and multiply by 100%:

FS = (100% - [c]/[c] — 100% - 6_NS/[c])/(100% - c_S/[c]),

with100%:[c]/[c] = 100%

100%-6_S/[c] = IIs — the percentage of load-bearing capacity from earthquake loads
100%-c_NS/[c]= TIns — the percentage of load-bearing capacity from non-earthquake loads.
We will obtain:

FS = (100% - IIns)/ I1s
The FS parameter may be computed using the load-bearing capacity percentages Pns and Ps
to check stresses (that is, the strength of the element) as well as to check the stability of the element,
local buckling of its flanges and webs, and ultimate slenderness ratio.

1. MT-T.0.03.326-13 "Methodology for analysis of the seismic stability of elements in operating nuclear power
plants within the framework of the ultimate seismic stability method".

2. IAEA-TECDOC-1487. Advanced nuclear plant design options to cope with external events, 2006

3. IAEA-TECDOC-724. Probabilistic Safety Assessment for Seismic Events», 1993.

157
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JI1 H/I Byoisenvnozo Bupoonuymea (JI1 HJIBB)

Po3risiHyTO MOJIeTIIOBaHHSI aBapiiHUX BIUIMBIB Ha MIBUJAKO CIIOPYKYBaHy (opTHdiKaliiiHy
BorHeBy cropyay BC1 Bin HagMipHOTO THCKY yAapHUX XBuiIb Ha piBHI AP=200 kIla, Ta 3maTHOCTI
cnpuiteaTy 1o 500 nUKIiB aBapiifHOTO BILIUBY.

Ta6a.1. 31 cxema BC1 ta pe3ynpTaTu 3aKpUTUYHOTO aBapiiHOro BILTHBY Ha CIIOPY/I
T e T e oW [ — ]

a
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i Eirsccion’ | —

Po3paxynok Hecydoi cnpomoxnocti BC1 3 BpaxyBaHHAM HeniHiNtHOT poOOTH 3aI1i300€TOHY 3
TPIIMHAMY TIPH TIOMIArOBOMY TOPU30HTAIBHOMY BIUIMBOBI 70 3aKPUTHYHOTO Ta IHUKJIIYHOMY
nasantaxxenHi no I1C "ITAOPATMA" ECITPU-2020 [1, 2] npu kinaci 6erony crin C20\25 no JJIBH
B.2.6-98 mipu kinbkocti mukiis xo 500 Ta 1000 (mue. Tabr.l).

Hani pexoMenalii 0o MiBULIEHHIO CTIHKOCTI BOrHEBOI CIOPY/IU 10 3aKPUTHYHUX BILIMBIB.
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Puc.l IpeamizoBana Mojenb ricrepesicy mpu 0OaraTopa3oBOMYy BIUIMBOBI Ta HemiHiiHI nedopmanii
BOTHEBOT CIIOPYAH

1. IBH-B.1.2-14. 3aransni npuxuun 3abe3nedeHHs] HaJiHHOCTI Ta KOHCTPYKTUBHOI Ge3neku OyaiBeib, CIOPYX,
Oy aiBebHUX KOHCTPYKIIiH Ta ocHoB. K., 2008.

2. Makcumenko B.IL IlpexensHoe coctosiHMe auadparM — KECTKOCTH MHPU CEHCMHUYECKMX U LMKIHYECKHX
BozzeiictBusix. «Crpoutenberso. Building». HaykoBo-rexuiunmii sxypuan Ne2(17), T6imici, 2010. ¢.30-37.
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Stability of fortification structure to unexpected loads beyond design value
(LIRA-SAPR)
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https://orcid.org/0000-0002-2835-026X
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Andriy Grygorovskyi, research fellow, sector for special buildings, https://orcid.org/0000-
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State Enterprise Research institute of building production (NDIBV)

The paper considers the modelling of emergency loads on the rapidly erected fortification
structure BC1. Effective max pressure of the shock waves at the level of AP=200kPa and the ability
to withstand up to 500 cycles of emergency load.

Table 1. 3D diagram BC1 and the influence of unexpected loads beyond design value on the
structure

B oy T o |
358 201 234 26}

Calculation of bearing capacity of BC1 with account of nonlinear behaviour of reinforced
concrete with cracks at horizontal load. Cyclic repeated load analysed in the DIAPGRAGM module
of ESPRI-2020 [1, 2]. Concrete class C20\25 for walls according to DBN B:2.6-98 for up to 500 and
1000 cycles (see Table 1).

These recommendations are given to increase the resistance of the fire structure to post-critical
impacts.

e

1.20 1

aada

Fig. 1. An idealized model of hysteresis under multiple load and nonlinear deformations of a fortification
structure

1. DBN-B.1.2-14. General principles to ensure the reliability and structural safety for buildings, structures, and
foundations. K., 2008.

2. V.Maksymenko. The limit state of diaphragms in earthquake and cyclic loads. "Construction. Building".
Scientific and technical journal No. 2(17), Thilisi, 2010. pp. 30-37
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Hogi mo:xauBocti cucremu Ipynt y JIIPA-CATIP 2022
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http://orcid.org/0000-0002-4161-782X

TOB JIIPA-CAIIP (m.Kuis),

3rifHo 3 HOPMATHBHMMHM JOKYMEHTaMH, HOPMajJbHAa eKCIUTyaTallii Ta IiJBUIICHA
JIOBTOBIYHICTh CIIOPYJH 3a0e3Me4y€eThCs YCYHEHHSM HEPIBHOMIPHHX OCiIaHb Ta OOMEKEHHSIM
a0COIMIOTHUX Ta BIJHOCHUX IepeMilneHb (YHIaMEHTIB Ta HaAQyHIAMEHTHHX KOHCTpykuiil. Ha
CBOTOIHIIIHIN JeHb ICHye BeNMKAa KUIBKICTH PI3HOMAHITHHX BapiaHTIB MaTeMaTHYHOTO
MOJIETIOBaHHS PoOOTH OCHOBH. Hana3BuuyaliHO Ba)<JTMBUM € BHOiIp HAOUIbII panioHaIBHOT MOJEl
MOBEJIHKHM OCHOBH cropyau. OKpiM TOro, iHOAI, NPH BUKOPHCTAaHHI OJHOTO 1 TOTO CaMoOro
MPOTPaMHOT0 KOMIUIEKCY, TPOEKTYBAaJIbHUK MOXKE OTPUMATH Pi3HI pe3ylbTaTH PO3PaxyHKY, IIO
3aJIeKaTh BiJl PI3HUX METOJIB 3BEJICHHS peaabHOI pOOOTH KOHCTPYKIII 0 I MaTeMaTu4HOI Mozei.
Tomy akTyaJbHUM € PO3po0Ka Ta PO3LMIMPEHHS YMCEILHUX METO/IIB MOJICITIOBAHHS Pi3HUX e(EKTiB,
110 BUHUKAIOTh Y TPYHTI MiJI II€I0 30BHIITHHOTO HABAHTAKEHHSI.

VY HOBIi#f Bepcil peani3oBaHO BH3HA4eHHS AedopMalliii OCHOB 3a paxXyHOK KOHCOMNiJawii Ta
MOB3y4OCTi IpyHTY. JlaHa MOKJIMBICT HOCTyIHA TP BukopucTanui Hopm JIBH B.2.1-10:2009, CIT
PK 5.01-102-2013 i CIT 22.13330.2011/2016. 3anpomnoHoBaHa METOJHMKA PO3PAXYHKY OCIaHHS
KOHCOJIiIatii Ta MoB3y4ocTi Oy/e KOpHCHA MMpH BUPIIICHHI 337a4 BH3HAYCHHS OCIJIaHHS OCHOB 3
BOJIOHACHYEHMX TPYHTIB Yy 4Yaci, Je MoBHI jaedopMaiii OCHOBM BH3HAYAIOTHCS CyMOIO MHUTTEBOT
OCiJJaHHSI OCHOBH, OCIJIaHHSI CHPUYMHEHOT KOHCOJNIJAIIEI0 Ta OCIIaHHS CHPHYMHEHOT MOB3YYiCTIO
(BTOpMHHA KOHCOJIALlis).

KopuctyBau Mo)xe HPH3HAYUTH OJHOMY 1 TOMY XX CaMOMy IIapy IPYHTY BIIACTHBOCTI
OJTHOYACHO JICKIJIBKOX BHIIB CKJIAIHHUX IPYHTIB. Y TakoMy pasi IOBHi pedopmaii ocHOBH OymyTh
BHU3HAYaTHUCS SIK cyMa JedopMalliii 3 ypaxyBaHHSM 33laHUX XapaKTepUCTUK rpyHty. Hanpuknan, y
BUIIAJIKy MOEJHAHHS IPOCifarounX Ta cy(i3ifHUX IPyHTIB, HOBHI AedopManii BU3HAUAIOTHCS, K
cyMa OCiJiaHHsl, POCiaHHs Ta Cy(i3iHHOTO OCiTaHHS.

Peani3oBaHa METOAMKA PO3PaxyHKy MOXE BHKOPUCTOBYBATHCSL Ui  BpaxyBaHHs
MOJATIMBOCTI NPY’KHOI OCHOBHM IUISI CHCTEMH “IPYHT — OCHOBa — HaxzeMHa cropyna”. IToxmiOHi
MoOJieNi HEeoOXiJHI Juis BHKOHAHHS cepil pPO3paxyHKIB Ta OTPUMAaHHs y3arajJbHEHOI MOJel B
cucremi METEOP nnist BpaxyBaHHsI Bapiaiii mpy>KHOT OCHOBHM Ha BCIX eTarax HaBaHTKCHHS Ta 3
ypaxyBaHHSAM MIHJIMBOCTI BJIAaCTHBOCTECH IPYHTY MPOTSATOM YCHOTO TEPMIiHY eKCITyaTarlii
Oy niBmi/criopyau.

JlomaHO MOJKJIMBICTh PO3PaxyHKy OCimaHHS Ui cHequ(piuHuX IPYHTIB. IPOCATHUX,
3acOoJIeHHX, HA0YXal0unX, HACHITHUX Ta OpraHiuHux IpyHTiB 1u1s HopM JIBH B.2.1-10:20009.

JloaHO MOKITHBICTH BUBEICHHS KOXKHOI 31 CKJIAIOBUX OCITAHHS ManboBuX (GyHIameHTiB: Sef
- OCiTaHHA YMOBHOTO (yHIaMeHTy, ASP - T0IaTKOBE OCITaHHS 32 PaXyHOK IPOIABIIIOBAHHS Iajb
Ha piBHI MiZIOMBH YMOBHOTO (yHIaMeHTy, ASC - 101aTKOBE OCIIaHHS 3a PaXyHOK MPOJIABIIOBAHHS
cBail Ha piBHI MiJOIIBH YMOBHOTO (yHIaMeHTy - SS. BinmoBinHy iHdopMamnito mpo BKIax KOKHOL
CKJIQJIOBOI OCIJIaHHSI MOYKHA TI00AYUTH MPH BUBEJICHHI PE3YJIBTAaTiB PO3PAaXyHKY B OyJb-sKiil TOYII
Mozeni B MexaxX KOHTYpiB HaBaHTaXeHb. JlaHa peani3alis TakoX MiATPUMYeTbCS Ha PIBHI
rpaiqHOTO MPEJCTABICHHS i30IOJNIB, TpPH MNOOYAOBI SKHX MOXKHA BKIOYATH/BIAKIIOUATH
BiJJOOpaXEHHs KOXKHOI CKJIaJ0BOI OCINaHHS, MPU LIbOMY i30M0Js Ta IIKaja pe3yjbTariB Oy1yTh
nepe0yJ0BYBATUCH ITij1 BUOpaHuii HaOip.

1. bapabamr M.C. MeToa TpaHHYHBIX AJIEMEHTOB B KOHTAKTHBIX 3aJadax Julil YNPYTHX MPOCTPAHCTBEHHO
HEOIHOPOAHBIX ocHOBaHHMil. — M.: M3x1-Bo “ACB”, 2000. — 754c.

2. bapa6am M.C. MeTo/1bl KOMITBIOTEPHOTO MOJICITMPOBAHHS MPOLIECCOB BO3BEACHMs BBICOTHBIX 3aanuii / M.C.
Bapa6am // International Journal for Computational Civil and Structural Engineering. — M.: U3x-o “ACB”, 2012.
—Vol. 8, Issue 3-C. 58 - 68.

3. Toponenkuii A.C. Komnbrorepubie Mojenu kouctpykimii /| A.C. Topoxeuxuii, u.Jl. EB3epoB. — 2-¢ u3j., 101, —
M.: Uza-Bo “ACB”, 2009. - 360 c.

160



New capabilities of the Soil system in LIRA-SAPR 2022

Olga. Bashynska, candidate of technical sciences, software developer,
http://orcid.org/0000-0002-4161-782X

LIRA-SAPR LTD

According to regulatory documents, normal operation and increased durability of the structure
is ensured by the elimination of uneven settlements and the limitation of absolute and relative
movements of foundations and super-foundation structures. Today, there are a large number of
various options for mathematical modeling of the work of the foundation. It is extremely important
to choose the most rational model of the behavior of the base of the structure. In addition,
sometimes, when using the same software complex, the designer can get different calculation
results, depending on different methods of reducing the real work of the structure to its
mathematical model. Therefore, the development and expansion of numerical methods for modeling
various effects that occur in the soil under the influence of external loads is relevant.

In the new version, the definition of foundation deformations due to soil consolidation and
creep has been implemented. This possibility is available when using the norms of DBN V.2.1-
10:2009, SP RK 5.01-102-2013 and SP 22.13330.2011/2016. The proposed methodology for
calculating settlement of consolidation and creep will be useful in solving the problems of
determining the settlement of bases from water-saturated soils in time, where the total deformations
of the base are determined by the sum of instantaneous settlement of the base, settlement caused by
consolidation, and settlement caused by creep (secondary consolidation).

The user can assign the properties of several types of complex soils to the same soil layer at
the same time. In this case, the total deformations of the base will be determined as the sum of the
deformations taking into account the specified characteristics of the soil. For example, in the case of
a combination of subsidence and suffusion soils, total deformations are defined as the sum of
ground settlement, subsidence, and suffusion subsidence.

The implemented calculation method can be used to take into account the compliance of the
elastic base for the "soil - base - above-ground structure™ system. Similar models are necessary to
perform a series of calculations and obtain a generalized model in the METEOR system to take into
account the variation of the elastic foundation at all stages of loading and taking into account the
variability of soil properties throughout the life of the building/structure.

Added possibility to calculate subsidence for specific soils: subsidence, saline, swelling, bulk
and organic soils for standards of DBN B.2.1-10:2009.

The possibility of outputting each of the components of the settlement of pile foundations has
been added (Sef - settlement of the conditional foundation, ASp - additional settlement due to the
penetration of piles at the level of the sole of the conditional foundation, ASc - additional settlement
due to the penetration of piles at the level of the sole of the conditional foundation - Ss. Relevant
information about the contribution each settlement component can be seen when displaying the
calculation results at any point of the model within the load contours.This implementation is also
supported at the level of graphical representation of isopoles, when plotting, the display of each
settlement component can be turned on/off, while the isofield and result scale will be rebuilt under
the selected set.

1. Barabash M.S. The method of boundary elements in contact problems for elastic spatially inhomogeneous is
based. - M.: ASV Publishing House, 2000. - 754 p.

2. Barabash M.S. Methods of computer modeling of high-rise construction processes / M.S. Barabash //
International Journal for Computational Civil and Structural Engineering. - M.: Publishing House "ASV", 2012. -
Vol. 8, Issue 3 - P. 58 - 68.

3. Horodetsky A.S. Computer models of constructions / A.S. Horodetsky, 1.D. Evzerov. — 2nd ed. - M.: ASV
Publishing House, 2009. - 360 p.
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TOBJIIPA CAIIP (m. Kuig)

Meta nociiKeHHsT —IOCTIKEHHsI MIIIHICHUX Ta JeGOopMaIiifHUX XapaKTEPUCTHK Tepepizy
CTaneBoi0aIKy NepeKPUTTS [P BIUIUBI BOTHIO.lOCTIIKY€ETCS PO3HOALUI TEMIIEPaTyPHHX MOTIB Ta
BIUIMB TEMIIEpaTypH Ha HECydy 3[aTHICTh mepepizy. CKiHUCHHOGIEMEHTHY CXeMYBOTHE3aXHIIEHOT
Ta HE3aXUILEHOT OaKK MepeKpUTTs MoKa3aHo Ha puc. 1 ta 2.
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Puc.1.Cxema nepepizy Oalku nepekpurTs 6e3 Puc.2. Cxema nepepisy 0aiku MepeKpuTTs 3
BOT'HE3aXUCTY BOTHE3aXHMCHHUMU IIMTAaMH

3a pocainHy KoHCTpyKuUito Oyno npuitnsato JBoraBp Ne35B1 3a 'OCT 26020-83 na skuit
CIMPAETHCS 3aJ11300€TOHHA TUIKTA 3aBTOBIIKH 120 MM,

OcCKiNbKH, 3MiHAa TEMIIEpaTypH 1O JIOBXKHHI OaJKU BiJOyBa€ThCS PIBHOMIPHO, 1€ JI03BOJISIE
PO3IIIARaTU PO3MOLT TEMIIEPATyPH B3JOBK YaCTHHU Hepepi3y OfHiel BUCOTH.

Jlist TEIUIOTEXHIYHOrO PO3paxyHKy MPHUHITO Taki TEIJIONPOBIAHI BJIACTHBOCTI CTaIi:
wineHicT-76490  H/M3, koediumienr rtemmomposimHocti - 53 Br/(m*c), koedimieHT
terutonornuHanHs — 440 Br. KoedilieHT KOHBEKTHBHOTrO TEIIOOOMIHY OyB NPUHHATHI piBHUM 25
Br/(M2*c). TemmeparypHe HaBaHTaXeHHs OyJi0 3aJaHO BIANOBIAHO [0 CTAaHIapPTHOTO
TEMIIEPaTypHOTO PEXUMy MOXeki. Temmeparypa HaBKOJIHMIIHBOTO CEPEIOBHINA B IIOYATKOBHIL
MomeHT yacy npuitnsaTa 20 °C. Byio 3aiano rpadik moxexi TPUBAIICTIO 5 TO/IHH.

Byna BupinieHa 3ajaya TeIIonpoBiHOCTI 3a JOMOMOIOI0 METOY CKIHUEHHUX €JIEMEHTIB ISt
BUSIBIICHHS 3MiHM TeMIeEpaTypH IO Hepepidy KOHCTPYKTUBHOTO eleMeHTa y daci. CKiHYeHHO-
eJIeMEHTHA MO/IeJb OyJia BUKOHaHa B niporpamMHomy Komiuiekci JIIPA-CAIIP.I1pu BupimieHHi qanoi
3aja4i Oyina BpaxoBaHa 3MiHA TEIUIOTEXHIYHUX XapaKTEPUCTHUK 3 IiJBHMIICHHSIM TEMIIEpaTypH,
TOOTO HENiHIIHICTh MaTepiaiy.

Tlicnst OTpUMaHMX pe3yJIbTATiB TeMIEpaTypd Ha KOXHIH BiamiTii yacy (kpok 5 XB) 3a
JOIIOMOTOI0 MOHIKYIOUHX KoedilieHTiB Oyno moOynoBaHO Tpadik 3MiHH MOTYIIO IIPY>KHOCTI-
nedopmariii Biz yacy.

1.bimuk C.I., baumncska O.10, Bammucekuii O.B.BuzHaueHHs 3MiHM TEPMOHAIIPY)KEHOTO CTaHy CTAJICBUX OAJOK B
TIK «JIIPA-CAIIP» // Onip marepiaiis i Teopist criopyx: Hayk.-tex. 36ipuuk — K.: KHYBA, 2022. — Bun. 108. - C.
189-202. — AHru.
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Determination of changes in thermal stress state of steel beams in
LIRA-SAPR SOFTWARE

Oleksiy Bashynskii, Postgraduate student of Department of metal and wood structures,
engineer, https://orcid.org/0000-0003-2466-4306

Kyiv national university of construction and architecture(Kyiv),
LIRASAPRLLC (Kyiv)

The aim of the study is to investigate the strength and deformation characteristics of a steel
floor beam section under fire. The distribution of temperature fields and the effect of temperature on
the bearing capacity of the section are studied. The finite element diagram of a fire-protected and
unprotected floor beam is shown in Figs. 1 and 2.

¥
Lx o

Fig. 1 - Cross-sectional view of a floor beam without  Fig. 2 - Cross-sectional view of a floor beam with
fire protection fire protection plates

Finite element model was created in LIRA-SAPR software.

For the experimental design was taken beam with a cross section I-section Ne35B1 according
to GOST 26020-83 on which reinforced concrete slab 120 mm thick rests.

Since the change in temperature along the length of the beam is uniform, it allows us to
consider the temperature distribution along the cross section of one height.

The following heat-conducting properties of steel are accepted for thermal engineering
analysis: density - 76490 N/m3, thermal conductivity coefficient - 53 W/(m*s), heat absorption
coefficient - 440 W. The coefficient of convective heat transfer was assumed to be equal to 25
W/(m2*s). The temperature load was set according to the standard temperature of the fire. The
ambient temperature at the initial time is taken as 20 ° C. The fire schedule was set to last 5 hours.

The problem of thermal conductivity was solved using the finite element method to detect
temperature changes along the cross-section of a structural element over time.The finite element
model was performed in the LIRA-SAPR software. In solving this problem, the change in thermal
characteristics with increasing temperature, i.e., the nonlinearity of the material, was taken into
account.

After obtaining the temperature results at each time point (5 min step), a graph of the change
in the stress-strain modulus over time was plotted with the help of decreasing coefficients.

1.Bilyk S.I., Bashynska O.Y., Bashynskyi O.V. Determination of changes in thermal stress state of steel beams in
LIRA-SAPR software // Strength of Materials and Theory of Structures: Scientific-and-technical collected articles.
- K.: KNUBA, 2022. — Issue 108. — P. 189-202.
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Oco6mBoCTi po3paxyHKY MilIHOCTI HOpMaJILHUX Nepepi3iB
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B HOBOMY aJroputmi «Bya+»

€ezen  JImumpenko, Kkawo. mexH. HAYK, cmapwiuil euxkiadad Kageopu OyoisHuymea,
https://orcid.org/0000-0001-9737-943X

Hayionanvnuii ynieepcumem 6iopecypcis i npupoookopucmyseanus Yrpainu (m. Kuig)
TOB «JIIPA CAIIP», (m.Kuis)

B zifounx HOPMAaTHBHHUX ZOKYMEHTAX i3 IPOEKTYBAaHHS 3a1i300eTOHHUX KOHCTPYKiit [1], [2]
periiaMeHTOBaHO, 10 PO3paxyHOK HOPMAJIBLHUX Hepepi3iB 3a MIIHICTIO HEOOXiTHO BUKOHYBATH i3
3aCTOCYBaHHIM Je(OpMAIifHOTO METOy. 3 OJHOTO OOKY, B IIMX HOpPMax 4iTKO HaBEICHI BUXIIHI
MEPeyMOBH, 3arajbHa METOJMKA BUPILICHHS CHCTEM HEJIiHIHHUX PIBHSIHb PIBHOBArd i BiIIOBIAHI
pexoMeHpanii. Aine 3 iHIIOro 60Ky, HEJOCTATHBO IIOBHO PO3KPUTI OCOOIMBOCTI 3aCTOCYBAaHHS JaHOI
METOAUKH Yy Psiii PO3PaxyHKOBHX BHITQJKIB, 30KpeMa TaKHX, sKi 3yCTPIHarOThCsA NPH peaizariii
PO3paxyHKy MII[HOCTi IUTACTHHYACTHX €JEMEHTIB 3a MeromoM Byma-Apmepa [3] y ckmami TTK
«JITPA CAIIP» [4]. Tak, B uncenbHHX IMOCIGHMKAX 10 HOPM MPAKTHYHO HE PO3IISTHYTI BHITAIKH
HJIC HOpManbHUX Tepepi3iB NP MO3AIEHTPOBOMY pO3TAry [5], YMCTOMY 3IHHI i HETHIIOBOMY
posrauryBaHHi apMyBaHHs [6], IpH 03aLEHTPOBOMY CTHCKY i3 MaJIUMU €KCLEHTPUCUTETAMH, SKUH
OyB JOCITiKEHHI B JlaHiil poOoTi.

s nocnimkenns nanoro Buny HJIC OyB oOpaHuii npsiIMOKYTHUH 3a11i300€TOHHUN niepepi3 i3
MOABIIfHUM apMyBaHHSM CTaJIEBOIO CTEPXKHBOBOIO apMaTyporo. IIpu mpomy BapiloBammcs Kiach
Gerony (Big C12/15 mo C25/30), Bucora nepepizy. Apmarypa npuitnsra knacy A400C. Cucrema
HEIHIMHUX PIBHSIHb PIBHOBArH, fKa OMUCYe POOOTY HOpPMalIbHOrO mepepisy mpu gaHomy HJIC
3MIHIOETBCS B 3aJIXKHOCTI BiJl hopmu piBHOBaru (mepiua abo apyra), npexacrasiena y ICTY [2].

B pesynbrati jocmijpkeHb BcTaHoBieHO, o mnpu  gaHomy HJIC mpu  3HaYeHHsX
CKCICHTPUCHUTETY NIPUKIAJaHHS CHIIH CTHCKY €0, OJIM3BKUX JI0 HyJIs, PIBHOBAara HE BCTAHOBIIOETHCS
NP TPAaHUYHHUX 3HAYCHHSX JedopMaiii KpaitHbol CTUCHYTOI (iOpu OETOHY &cu, PErilaMEHTOBAHUX
HOpMaMmH. B Takux BuUmaakax piBHOBAara 3HaXOMUTHCS IPH JAeopMamlisx &, MEHIIUX HDK &u 1
MaKCHMaJlbHa Hecyda 31aTHicTh nepepisy Nint, OTpUMaHa IPH [IbOMY, € MEHIIO, HDXK IPH OLIBIINX
3HAQUEHHSX EKCLEHTPUCHTETY €0, Xoua Mae Oyt Ounbiioro. [l BupimenHs 1iei npobiaemu
3aIPOTIOHOBAHO METOJMKY, B OCHOBI $IKOI JICKHTh METOJ TIPaHHYHHUX 3yCHib. JlaHa MeTomuKa
peati3oBaHa B HOBOMY aJI'OPUTMi PO3pPAaxyHKy IIACTUHYACTHX 3aJli300€TOHHUX KOHCTPYKIH
«Byn+», sikuil y HOpPIBHSHHI 13 CTAHAAPTHUM alIropuTMOM «Byn» 6e3 BTpaTu TOUHOCTI pe3yJIbTaTiB
JO3BOJISIE TIPUCKOPHUTH IIBHUAKICT BUKOHAHHS PO3PAaXyHKIB apMyBaHHS IUIACTHHYACTUX EJIEMEHTIB
B cepequboMy y 1,5-2 pasu. JlaHuit anroput™ € JOCTYITHUM JUIsl KOPUCTYBava, IIOYMHAIOUH 13 BepCil
IK «JIIPA-CAITP» 2022 R1.

1. Berouni Ta 3ani306eToHHi KoHCTPYKIii. OcHOBHI monoxenns : JIBH B.2.6-98:2009. — [Yuunnuii 3 2011-07-01]. -
K.: Minperion6yn Ykpaiun, [epkaBHe mianmpueMctBo «YkpapxOymiapopm», 2011. — 71 c. — ([epxasHi
OyaiBesbHI HOPMH).

2. beronHi Ta 3ami306eTOHHI KOHCTPYKIIii 3 Baskkoro 6erony. ITpasmna npoextysanns : JICTY B.B.2.6-156:2010. —
[Unnnuit 3 2011-06-01]. — K. : Minperion6yn Ykpainu, 2011. — 118 ¢. — (Hauionansuuii cranapt Ykpainu).

3. Shin Myoungsu. Twisting moments in two-way slab / Myoungsu Shin, Allan Bommer, James B. Deaton, Bulent
N.Alemdar // Concrete International. 2009. Vol. 78, pp. 35-40.

4. Barabash M. S. Some aspects of modelling nonlinear behaviour of reinforced concrete / M. Barabash // Strength
of Materials and Theory of Structures. — 2018. — Ne 100. — P. 164-171.

5. Sxosenko I.A. Ocob6amBoCTi po3paxyHKY MiITHOCTI HOPMAJIBHMX IIE€pepi3iB MO3alleHTPOBO-PO3TATHYTUX 3aili300€TOHHNX
KOHCTPYKILiit i3 Manumu excienTpucureramu / LA, SIkosenko, €.A. Jimurperko, O.A. ®ecenxo // Hayka ta GyiBauurso. — K.
- HAIBK, 2020. - Bum. 4(26)’. — C.15-25.

6. Jimutpenko €.A. OcoGIHBOCTI pPO3paxyHKY MillHOCTI HOpPMAIBHUX IHEpepi3iB 3THHAIBHUX 3aJ1i300€TOHHMX KOHCTPYKILH 3a
Mmerozom Byna B 1K «JIIPA CAIIP» / €. A. Jmutpenko, FO. B. I'ensepcrbkuit, €. A. SIkosenko, €. A. Bakyuiun // Ykpaincbkuii
JKypHal OyJiBHHITBA Ta apXiTeKTypH : HayKOBO-IpaKTHYHHUI xypHai. — Juinpo : JIBH3 IIJIABA. — Bumn. 5. - C. 41-50. DOI:
10.30838/J.BPSACEA.2312.261021.7.796.
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The deformation method must be used to carry out the strength analysis of normal sections
according to the existing building codes for the design of reinforced concrete structures. These
standards, on the one hand, clearly outline the initial requirements, the general approach for
resolving systems of nonlinear equilibrium equations, and the appropriate recommendations. On the
other hand, a number of design cases, particularly those where this method is used for the Wood-
Armer method's strength analysis of plate elements in the LIRA-SAPR software, are not fully
covered by the standards. Many manuals to the standards practically ignore the stress-strain state of
normal sections under eccentric tension, pure bending with unusual reinforcement patterns, or
eccentric compression with small eccentricities, which is examined in this paper.

A rectangular reinforced concrete cross-section with double reinforcement of steel rebars is
used to analyse this kind of stress-strain state. The section height and concrete classes (from C12/15
to C25/30) varied. The class of reinforcement is taken as A400C. DSTU [2] presents the system of
nonlinear equilibrium equations. This system illustrates the behaviour of a normal section at a given
stress-strain state. The system depends on the form of equilibrium (first or second).

The study revealed that the equilibrium is not formed at the max deformation of the most
compressed concrete fibre e at a considered stress-strain state when the eccentricity of the
compressive force eo is close to zero. In these cases, the equilibrium is found at deformations c that
are smaller than ecu; however, even though it should be larger, the max load-bearing capacity of the
section Nint produced in this case is less than for higher levels of eccentricity eo.

To solve this problem, the authors propose to use the approach based on the method of
ultimate forces. Such a technique is implemented in a new algorithm for the analysis of plate
reinforced concrete structures 'Wood+'. Without losing the accuracy of analysis results, the "Wood+'
algorithm enables the user to analyse the reinforcement in plate elements up to 1.5-2 times faster
than with the standard 'Wood' algorithm. This algorithm is available to the user in version LIRA-
SAPR 2022 R1.

1. Concrete and reinforced concrete structures. Basic provisions: DBN V.2.6-98:2009 [valid since 2011-07-01] - K. :
Minregionbud of Ukraine, State Enterprise 'Ukrarkhbudinform’, 2011. 71p. - (State building codes).

2. Concrete and reinforced concrete structures of heavy concrete. Design rules: DSTU B.V.2.6-156:2010 - [Valid
from 2011-06-01] - K. : Minregionbud of Ukraine, 2011. 118 p. - (National Standard of Ukraine).

3.Shin Myoungsu. Twisting moments in two-way slab / Myoungsu Shin, Allan Bommer, James B. Deaton, Bulent
N. Alemdar // Concrete International. 2009. Vol. 78, pp. 35-40.

4.Barabash M. S. Some aspects of modelling nonlinear behaviour of reinforced concrete / M. Barabash // Strength
of Materials and Theory of Structures. — 2018. — Ne 100. — P. 164-171.

5. Yakovenko I.A. Strength analysis of normal sections in eccentrically tensioned reinforced concrete structures
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Mope/iroBaHHS IPO1eCiB TENVIONPOBIAHOCTI 32 I0NMOMOI 010
MK JIIPA-CAIIP

Mapuna Pomawkina, kano. mexu. nayk, https://orcid.org/0000-0002-7158-4037

TOB «JIIPA CAIIP», (m. Kuis)

IIporec nepeHeceHHs Teria CTAHOBUTh OCOOJIMBUI IHTEPEC JJIsl Cy4acHOT HAyKH 1 Ma€e BEJIUKE
[paKTUYHE 3HAYCHHA B OyIiBeNbHIM Ta IHIMMX Taly3sx HOpoMHCIOBOCTi. Hampukmax, mpu
PO3paxyHKy OropoJpKyBaJIbHHX KOHCTPYKIIH B yMOBax 3MiHHUX TEIUIOBUX BIUIMBIB (TeIUIoi3osiis
OymuHKiB, iedyel, TpybomnpoBoiB). KpiM Toro, po3s's3anHs 3a1adi TEIUIOMPOBITHOCTI € BAYKIHMBUM
eTaroM MpH BU3HAYEHHI BOrHECTiKoCTi KoHCTpyKii. Tak, 3rixHo 3 Eurocode EN 1992-1-2 (2004)
[1] Ta ACTY-H EN 1991-1-2:2010 [2] yrouyHeHi METOAM PO3paxyHKY BKJIHOYAIOTH PO3PaxyHKOBI
Mozei UL BUSHAUCHHS 3pOCTAaHHS Ta PO3NOALICHHS TeMIIEPaTypH 110 BCIX €IEMEHTaX KOHCTPYKIIIT
(TerIoTeXHIYHKUI PO3PaXyHOK).

Iounnaroun 3 Bepcii 2019 B IIK JIIPA-CAIIP peanizoBaHi MeTOOM MOJCIIOBAHHS
CTAalllOHAPHUX 1 HECTalliOHAPHHUX TMPOIECIB TermooOMiny. [l MoJenioBaHHS TakKuX 3ajad
peaiti3oBaHi HOBI THUMM CKIHYCHHHX EJIEMEHTIB TerIonpoBigHOCTI. Takok, CTBOpEHi creriaibHi
CKIHYCHHI €JIeMEHTH KOHBEKTHMBHOI TEIUIOBIAMAYl Uil MOJCIIOBAHHS KOHTAKTY MOBEpXHI 3
cepenosuiieMm [3]. B TIK JIIPA-CAIIP 2022 peanizoBaHo HeNiHIHHY TEIUIONPOBIIHICTE IS
CTep)KHEBHUX, IuacTUHYacTHX Ta 00'emuux CE. 3’sBuilacs MOXIJIMBICTH CTBOPIOBATH 3aKOHU 3MiHU
Koe(illieHTa TerUIoNpoBiTHOCTI, KOe(illieHTa TEIUIOEMHOCTI Ta NUTOMOI Baru 3alieHO BiJ
temrepatypu. [Ipu po3po6ii cucremu «Terutonposigicts» y TTK JIIPA-CAIIP ocoGiuBy yBary
OyJI0 MPUAIIEHO TOYHOCTI Ta IOCTOBIPHOCTI OTPUMAHUX PE3yJIbTATIB PO3paxyHKy. byio BUKOHAHO
CIIBCTABJICHHS PE3YJIBTATIB PO3PAXyHKY 3aJad TEIUIONPOBIIHOCTI 3 aHANITHYHUMH PIIICHHIMH, a
Takok 3 pimenHsM B ANSYS. Hwkue HaBemeHO rpadik 3ajeKHOCTI TEIUIONPOBIAHOCTI Bif
TeMIepaTypH Ta i30IOJA TeMIepaTyp UL OJHOTO i3 BHKOHAHHX BepH(iKaliffHUX TecTiB, e
MOPiBHIOBAIMCH pe3ybTaTi po3paxyHky B [TK JIIPA-CATIP ta ANSYS (puc. 1).

MK NIPA-CANP 2022 R2 S— AN
Tsonom temeparyp
Ot mipy - °C

— — 8 — |
250 394,444 538.689 663,333 827.778
322.222 166. 667 611,111 755.556 s

a) 0)
Puc. 1. - [Ipuxna/ BUpilIeHHs 3a/1a4i HENHIHHOT TEIIONPOBIHOCTI:
a) TIK JIIPA-CAIIP; 6) ANSYS
Takum uymHOM 3a Jomomororo cucrtemu «Temnonpoignicte» [1IK JIIPA-CAIIP moxHa
BUKOHATH MOJICIIOBAHHS PI3HHUX BHUIIB TEPEHECECHHS Teruia (TermoBiamaya, TeIUIonepeaya,
KOHBEKTHBHO-ITPOMEHHCTE [TCPEHECCHHS TEILIa).

00

1. EN 1992-1-2: 2004 Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design.

2. ICTY-H B EN 1991-1-2:2010 «€Bpokox 1. Jlii na xoncrpyxuii. Yactuna 1-2. 3araneni aii. Jlif Ha koHCcTpyKUil
mig gac moxexi (EN 1991-1-2:2002, IDT)».

3. Barabash M.S. Thermal stress state of reinforced concrete floor slab / M.S. Barabash, M.A. Romashkina, O.U.
Bashynska b // Strength of Materials and Theory of Structures: Scientific-and-technical collected articles — Kyiv:
KNUBA, 2019. — Issue 103 . — P. 43-56.
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Thermal conductivity simulated in LIRA-SAPR
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Modern science is particularly interested in the process of heat transfer, which has significant
practical implications for the building sector as well as other industries. For example, in the analysis
of building envelopes under variable thermal loads (thermal insulation of buildings, furnaces,
pipelines). To further determine a structure's fire resistance, the problem of thermal conductivity
must be solved. Thus, according to Eurocode EN 1992-1-2 (2004) [1] and DSTU-N EN 1991-1-
2:2010 [2], the refined analysis methods use design models to study the temperature rise and
distribution over all structural elements (thermal analysis).

From LIRA-SAPR version 2019, the software has an option to simulate steady-state and
transient heat transfer problems. To simulate such problems, new types of finite elements for heat
transfer are implemented. New special finite elements for convective heat transfer are provided to
simulate the contact between the surface and environment [3]. Nonlinear thermal conductivity for
bars, plates, and solids is implemented in the LIRA-SAPR version 2022. Option to model the
relationship between thermal conductivity coefficient, heat capacity coefficient, specific heat
capacity and temperature (stress-strain diagrams). Special attention was paid to ensure that the
analysis results in the LIRA-SAPR 'Thermal Analysis' system were accurate and reliable. The
analysis results of the thermal conductivity problems were compared with analytical solutions as
well as with the solution in ANSYS. In the figure below, there is a graph for the dependence of the
thermal conductivity on the temperature and the temperature contour plot for one of the verification
tests where the analysis results in LIRA-SAPR and ANSYS were compared (Fig. 1).

ikl Fiiioh CATF 3627 K3 . - AN

a) b)
Fig. 1. - Nonlinear thermal conductivity analysis in:
a) LIRA-SAPR; b) ANSYS

Thus, in the 'Thermal Analysis' system of LIRA-SAPR program, it is possible to simulate
different types of heat transfer (thermal conductivity, convective-radiant heat transfer).

1. EN 1992-1-2: 2004 Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design.

2. DSTU-N B EN 1991-1-2:2010 'Eurocode 1: Actions on structures. Part 1-2. General actions - Actions on
structures exposed to fire (EN 1991-1-2:2002, IDT)'".

3. Barabash M.S. Thermal stress state of reinforced concrete floor slab / M.S. Barabash, M.A. Romashkina, O.U.
Bashynska b // Strength of Materials and Theory of Structures: Scientific-and-technical collected articles — Kyiv:
KNUBA, 2019. - Issue 103 . - P. 43-56.
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2Hayionanvnutiynisepcumem 6iopecypcie i npupodoxopucmyeanns Yxpainu (m. Kuis)

ByniBenbHi €BpOKOIH BU3HAYAIOTH TaKi METOAU PO3PaxXyHKy Oy/iBEIbHUX KOHCTPYKIH Ha
BorHecriikicts [1, 2]:
- TaOJIMYHI 1aHi, 10 6a3yIOThCs Ha pe3yJibTaTax BUIPOOYBAaHHs Ha BOTHECTIHKICTB,
- CIIPOIIEH]I METOIH PO3PaxyHKy, 10 0a3yI0ThCS Ha METOJI IPHBEICHOTO Iepepizy abo mimxoxi
BH3HAUYCHHS KPUTHYHOI TEMIIEPATYPH (IS CTANEBUX KOHCTPYKILH);
- YTOUHEHI MeTO/H, 110 6a3yI0ThCs Ha Teopii TeIIOnpoBiAHOCTI (Temtohi3ndHuii po3paxyHoK)Ta
NpHUHIHIIAX OyAiBEIbHOT MEXaHIKK (CTATHYHHUI PO3PAaXyHOK).

Po3paxyHok OyiBebHUX KOHCTPYKIIH Ha BOTHECTIMKICTb peajli3oBaHo y 0araThboX pizHHX
ckinuenno-enementHnx (CE) nporpamunx xommekcax. Ha sxainb, pisai CE mporpaMui KOMILUIEKCH
HE OXOIUTIOIOTH YCi PO3paxyHKOBI METO/IH, 1110 BCTAaHOBJIEH] y ByaiBensHIX €BpoKoiax JUist pisHUX
KOHCTpYKLiitHuX MatepianiB. Tabnuust 1 MicTHTH pe3ysibTaTH MOPIBHSIHHS MOXJIMBOCTEH PI3HHX
CE nporpaMHHX KOMIUICKCIB ISl PO3PaXyHKY HA BOTHECTIHKICTb.

Taomus 1.

Kaacudikanisi nporpamaoro 3aée3nevyeHHs AJs po3paxXyHKY HAa BOTHECTIKIiCTh

CE nporpaMHi KOMIUICKCH
Koncrpyxuii Meroamkn po3paxyHKy /Ansys Dlubal |Idea Ulipa-  |Robot Sofistik
\Workbench |RFEM [StatiCa |CAIIP |[Structural

1 2 | 3 4 5 6 7 8 9

[TabmuyHi qaHi — - + - — _

. . |Coporueni - + - - - —

3asi300eTOHHI POl p =

. Tennodisnunnii + — + + + -
'YTouHeH1 —

CraTnyHuit < - + - — —

[TaGmuaHi qaHi - - - - — _

. (Criporueni - - - - — _

Kam’stui pon - —

. Terutodiznanmii + - - + — —
\YTouHeH1 —

CraTu4Hui + - - - — _

ICripomieri — + + + T I

(Cranesi . Temnodiznunuit + - - + _ +
'YTOuHeHI —

CraTnyHuit + - - — _ _

ICrpomteni - + — — + _

epeB’sHi . Terutodiznanmii + - - + — —
lep \YTouHeH1 b —

CraTuyHui ar - - - — _

3rigHo 3 ganumu Tabmuii 1 pisai CE mporpamMHi KOMIUIGKCH MArOTh JIesiki OOMEXKEHHS.
TabnuuHi gaHi 1 CHOpOIICHI METOIM JUIsl KaM’ sSHUX KOHCTPYKLINH He peali3oBaHi y KOAHOMY i3
posrmanyTux CE mporpamuux kommiekciB. TaOGmudHi gaHi A 3a1i300€TOHHHX KOHCTDPYKIIH,
SK HaW3py4HIIIMHA METO JUIsl eKCIIpec-aHali3y BOTHECTIHKOCTI OKpeMoi KOHCTPYKLLii, peati3oBaHo
Timeku B omHoMy komrutekci. AnsysWorkbench [3], sk Haiibimemn mimxozsiie mporpamue
3a0€3IeUCHHS A1 TePMO-MILlHICHOTO aHaNi3y, HE MICTHTh OKPEMUX MOZYJIB JI TAOIUYHUX JaHUX
i CIIPOIIIEHUX METO/IIB.

1.ICTY-HBEN 1992-1-2:2012.€8pokox 2. ITpoekTyBanus 3ami306eToHHHX KOHCTpYKUiil. YacTuna 1-2. 3aranbhi monoxkeHHs.
Pospaxynokkoncrpykuiiina Boruectiiikicts (EN 1992-1-2:2004, IDT). [Uunnmii 3 2013-07-01]. Kuis, Minperion Ykpainu,
2012. 87 c.

2.P03paxyHOK 3a1i300€TOHHHX KOHCTPYKIIiH Ha BOTHECTIMKICTh BiAMOBiaHO 10 €Bpokoxy 2. [IpakTHaHuil NOCIOHUK /
B.T'. IToknoucekuit, O.A. ®ecenko,B.I'. Tapaciok ta in. — K.: Inteprexnouoris, 2016. — 83 c.

3. Ansys Workbench.https://www.ansys.com/products/ansys-workbench, last accessed 2023/03/10.
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Structural Eurocodes define the following calculation procedures for the structural firedesign
[1, 2]:
- tabulated data based on fire test results;
- simplified methods based on reduced cross-section method or critical temperature
approach (for steel structures);
- advanced methods based on the theory of heat transfer(thermal analysis) and the theory of
structural mechanics (mechanical analysis).

There are many various FEA software where structural fire design has been
realized.Unfortunately,the design proceduresdefined by Structural Eurocodes for every type of
structural materialare not coveredby various FEA software for structural fire analysis. Table 1
presents the results of comparing the softwarecapabilities for structural fire design procedures
realization.

Table 1.
Software capabilities for structural fire designprocedures
FEA Software
Structures Design procedures  |Ansys Dlubal |ldea  |LIRA- |Robot SOFISTIK
\Workbench |RFEM [StatiCa [SAPR [Structural

1 2 [ 3 4 5 6 7 8 9

Tabulated data - - + - - -

Concrete Simplified — + — - - —

Thermal + — + + + —
lAdvanced -

Mechanical + — + - -

Tabulated data — — — — — —

Simplified - - — - - -

Masonry Thermal + - - + - -
lAdvanced -

Mechanical + - — - —

Simplified — + + + +

Steel Advanced Thermal_ + — — + - +

Mechanical + - - - _

Simplified - + — - -

Timber Advanced Thermal_ + — — + — -

Mechanical + - — - - —

Variousconsidered FEA software for structural fire design have some limitations according to
Table 1 data.Tabulated and simplified design procedures for masonry structures are not
implemented in any of the FEA software that is considered. Tabulated data procedure for concrete
structures as most convenient for express fire resistance member analysis had integrated into an
only single software. Ansys Workbench[3], as the most suitable software for thermal-structural
coupled analysis, did not include modules for tabulated and simplified design procedures.

1.DSTU-N B EN 1992-1-2:2012.Yevrokod 2. Proektuvannia zalizobetonnykh konstruktsii. Chastyna 1-2. Zahalni polozhennia.
Rozrakhunok konstruktsii na vohnestiikist (EN 1992-1-2:2004, IDT). [Chynni 2013-07-01]. Kyiv, Minrehion Ukrainy, 2012.
87s.

2.Rozrakhunok zalizobetonnykh konstruktsii na vohnestiikist vidpovidno do Yevrokodu 2. Praktychnyi posibnyk [Tekst]: / V.H.
Poklonskyi, O.A. Fesenko, V.H. Tarasiuk ta in. — Kyiv: Intertekhnolohiia, 2016. 83 s.

3. Ansys Workbench.https://www.ansys.com/products/ansys-workbench, last accessed 2023/03/10.
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BusHauyeHHs MOBEPXOBUX CNEKTPIB BiAryKky OyAiBeb aTOMHMX CTAHUIM
3 BUKOPUCTAHHSIM MPSIMOr0 AMHAMIYHOT0 MeTOLY
B IIK JITPA-CAIIP

lean Tpycos, nauanohux 6i00iny oyinKU celucMoOCmitikocmi,
https://orcid.org/0000-0002-9351-6633
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Pozpaxynok I1C ckiagaeTbest 3 TphOX OCHOBHHX €TAITIB!

* MOJICIIIOBAHHS B3a€MOJii OCHOBH Ta CIOPYAM METOJOM CKBIBAJICHTHHX JHHAMIYHUX
XapaKTEePHCTHK;

eorpuMaHHs [IA B pe3yinbTaTi po3paxyHKy BHMYLICHHX KOJMBaHb OyaiBII Ha 10
PO3paxyHKOBHX aKCeIeporpam;

* OTPUMAaHHS TMOBEPXHEBHMX CIIEKTPIB B pe3yJbTaTi PO3PAXyHKY BHMMYIICHHX KOJHMBaHb
JIHIHHUX HEKOHCEPBATHBHUX OCLMJIATOPIB Ha Ji10 TIOBEPXOBUX aKCEJIEPOrpaM.

Brutis ocHOBY Ha celicMiYHI KOJIMBAHHS CIIOPYIH MA€ KUIbKA aCIeKTiB:

* yepe3 OCHOBY MEPENAETHCS CeHCMIYHE BILTHB Ha CIIOPY/Y, OCTAHHE B CHILy CBOET MACHBHOCTI
Ta KOPCTKOCTi, HaJa€ 3BOPOTHMIl BIUIMB HA PyX IPYHTY, TOMY 3aKOH CEHCMIYHHX
KOJIMBaHb MiJ{ QyHIaMEHTHOIO IUTUTOIO BiIPi3HAETHCS Bil KOJIMBAHb "BUTBHOTO HOJIA",

° IPyHTOBa OCHOBAa MAa€ BIIACHY MacCy Ta JKOPCTKICTb, SIKI 3HMW)KYIOTh YaCTOTH BUIBHUX
KOJINBaHb TUHAMIYHOT CHCTEMH ''cCrIopy/a — ocHOBa';

* IIpH 3eMJIETPYCi CeCMiuHI XBIII BiZOMBAIOThCS BiJ (QyHAAMEHTY i PO3CIIOIOTECS Ha OCHOBI,
3a0Uparouy MpH IbOMY NEBHY KUIBKICTh €Heprii.

CrymiHb BIUIMBY OCHOBM HA JMHAMIYHY PEAKII0 CIIOPYJW 3aJ€KHUTh BiJ CIIBBIIHOIICHHS
xKopcTKocTel. [l THydukux OyniBenb I BIUIMB BiTHOCHO MaJIMH, 1 VI HUX OCHOBY YacTO
npuiiMaioTh HeeopMoBaHOO. [IJIs JKOPCTKHUX 1 MACUBHUX CIIOPY/L, A0 SKUX HAJEKUTDH i OLIBLIICTH
oyniBens AEC, BIJIMB OCHOBM iCTOTHHI HaBITh 3a JIOCUTh )KOPCTKHUX IPYHTIB.

3rifIHO 3 CBITOBOIO MPAKTHKOIO BpaxyBaHHs B3a€MOJII CHOPYIH 3 OCHOBOIO € 3 OCHOBHI
(haxTOpH BIUUBY, sIKi MOJKYTh OyTH BpaxoBaHi NPH BU3HAYCHI CHIEKTPIB BIATYKY CIIOPYAH:
* BpaxyBaHHsI JKOPCTKOCTI CHCTEMH IPYHT-(QYHIAMEHT, SIKE pPeali3oBaHO 3 BPaXyBaHHIM
BIUIUBY OCHOBH;

* (inpTpalis KOIUBAHb IPYHTY, BpaXyBaHHs KiHeMaTHIHUX edexTis];

° BIIBEZICHHSI CGHEpril Bil CHCTEMHM IPYHT-KOHCTPYKIisS 3a paxXyHOK BHUIIPOMIHIOBaHHS
BIAOUTHX BiJl CIIOPYIH IPY>KHUX XBHJIb Ta TiCTEPE3UCHUX BTPAT.

Po3paxyHOK BHMKOHAHHH METOAOM MPSIMOrO IHTErPyBaHHs pIBHSHb pyXy (Opsmuii
JMHAMIYHUHA METOJ).

1.ASCE/SEI 41-13 Seismic Evaluation and Retrofi t of Existing Buildings
2.ASCE 4-16 Seismic Analysis of Safety-Related Nuclear Structures
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Determination of the floor response spectra of nuclear power plant
buildings using the direct dynamic method
in PC LIRA-SAPR.

lvan Trusov, head of the earthquake resistance evaluation department,
https://orcid.org/0000-0002-9351-6633

SS "Scientific and Technical Center" SE NAEC "Energoatom” (Kyiv)

Calculation of PS consists of three main stages:
«+ modeling of the interaction between the foundation and the building by the method of
equivalent dynamic characteristics;

« « obtaining PA as a result of calculating the forced oscillations of the building due to the
effect of calculated accelerograms;

* « obtaining surface spectra as a result of calculation of forced oscillations of linear non-
conservative oscillators on the action of surface accelerograms.

The influence of the base on the seismic vibrations of the structure has several aspects:

« « the seismic impact on the structure is transmitted through the foundation, the latter, due to
its massiveness and rigidity, exerts an inverse influence on the movement of the soil,
therefore, the law of seismic oscillations under the foundation slab differs from "free field"
oscillations;

e« the ground base has its own mass and stiffness, which reduce the frequency of free
oscillations of the dynamic system "building - base";

« » during an earthquake, seismic waves are reflected from the foundation and scattered on the
base, taking away a certain amount of energy.

The degree of influence of the base on the dynamic response of the structure depends on the
ratio of stiffnesses. For flexible buildings, this effect is relatively small, and for them the base is
often assumed to be undeformed. For rigid and massive structures, which include the majority of
nuclear power plant buildings, the influence of the base is significant even with fairly stiff soils.

According to the world practice of taking into account the interaction of the building with the
foundation, there are 3 main influencing factors that can be taken into account when determining
the response spectrum of the building:

« « taking into account the rigidity of the soil-foundation system, which is implemented taking

into account the influence of the base;

« « filtering of soil vibrations, taking into account kinematic effects];

«« removal of energy from the soil-structure system due to the radiation of elastic waves
reflected from the structure and hysteresis losses.

The calculation was performed by the method of direct integration of the equations of motion
(direct dynamic method).

1.ASCE/SEI 41-13 Seismic Evaluation and Retrofi t of Existing Buildings
2.ASCE 4-16 Seismic Analysis of Safety-Related Nuclear Structures
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BusHauyeHHs1 3Ha4YeHHS IPAaHUYHOI ceiicMocTilikocTi 1151 OyAiBeIbHUX
KOHCTpYKuiii atTomuux cranuiii B IIK JIIPA-CAIIP

Jwooe  Ilepgywiosa, npogioHul  iHdcenep  8I0O0Y  OYIHKU  CeLCMOCMIUKOCHI
https://orcid.org/0009-0004-7706-8131

BII «Hayxogo-mexniunuii yenmp» JJI1 HAEK «Enepeoamom» (m. Kuis)

Po3paxynkoBuii anami3 ceiicmocriiikocTi enemeHTiB nirounx AEC B pamkax MeToxmy
IPaHUYHOI CEHCMOCTIHKOCTI MPOBOUTHCS 3 METOIO BH3HAYEHHS iHTerpasbHoro napamerpa HCLPF,
10 XapakTepudye piBeHb ceHcMiuHOi criiikocti 1poro enementa. Ilapamerp HCLPF, sxuit
BUPAXAEThCA B OAUHUIAX HPHCKOPEHHS BIUIBHOTO MANiHHA (J, IOPIBHIOETHCS 3 BEIMYHHOIO
MaKCHMaIbHOTO prCcKopeHHs Ha rpyHTi (PGA), Bu3HaueHoi qs maiiianunka AEC i xapakrepusye
IHTEHCHBHICTB 3eMJICTPYCY, IPHIHSTOTO B SIKOCTI celicMiunux kBamidikariinux Bumor [1,3].

Ilpn BukonauHi ymoBu HCLPF Ginpme PGA, ceficMOCTIHKICTE eleMEeHTa BBa)KA€ThCS
MiATBEPKEHOI0. SIKIO0 yMOBa HE BUKOHYETHCS, TO MOTPiOHA po3polKa 1 peaizallist 3aX0/iB 1010
MiABUILEHHS ceficMocTilikocTi. [l 0OUMCIeHHs BENMUMHU rpaHuvHoi cericmocriiikocti HCLPF
BHUKOPHCTOBYETHCSI KoedillieHT 3amacy FS, skuii mokasye y CKUIBKH pa3iB MOTPIOHO 30UIBIIMTH
IHTCHCHUBHICTH CEHCMIYHOTO BIUIMBY Ha IPYHTI, 0O AOCATTU JOIYCTUMY BEIMYUHY OL[IHIOBAHOTO
napamerpa. [3)]. TIpu npoBexeHHi JTiHIHHO-IPYKHOTO pO3paxyHKy, BeiandnHa napamerpa HCLPF B
PO3MIPHOCTI MaKCHMMAJIBHOTO TNPUCKOpEHHs 3emieTpycy Ha Maiganunky AEC, «g», ske moxe
BUTPHMATH PO3IIISIHY THH €IEMEHT, BU3HAYAEThCs criiBBigHOmeH M [1,3]:

HCLPF = FS-F, - PGA (1)

Jns po3paxynky napamerpy HCLPF nist 3anmizoberonHnx koHetpykuiit B «JIIPA CAIIP» B
AKOCTI TTapaMeTpa U BH3HA4YCHHS Koe(illieHTa ceiicMidHOro 3amacy FS mpuifHATO 3HAYCHHS
BigHOCHOI nedopmanii - £. TakuM umHOM (opMyina Ui BU3HAUCHHS KoedilieHTa ceificMidYHOTO
3amacy matume Bursig [1,3]:

F§ = minFS§_ 2
C.. —Dys_
rs, =| ¢ ©)
Tl Pes

ne i — HoMep rabapuTHOi Touku mepepidy (I = 4 mis BCiX BHIIB mepepi3iB Kpim
xpecTa, i = 8 s xpecra);
Dys, — BimHOcHI nedopmauii Bif Aii HeceliCMIUHMX HaBaHTaXEHb, 110 BXOIATh y
~E

BU3HAYEHY KOMOiHAIi0 HaBaHTaXeHb (1711 Bu3HaueHHs C);

D, - BiHOCHI Jedopmartii Bijg il CEHCMIYHMX IHEPHIHHMX HAaBaHTAXCHb 3
ypaxysanusM nonepeaasoro HJIC Big HYE;

C - BiZIHOCHI nedopmarii Big Ail MaKCMMalIbHO MOXKJIMBOI KOMOIHALIT 3yCHIIb, 1110
BUTpUMYE Tiepepi3. ToOTO MakcHMasbHa Hecy4a 3[aTHICTh epepizy.

1. MT-T.0.03.326-13 «Metozuka po3paxyHKOBOro aHaiisy ceiicMoctiiikocti exementiB pitounx AEC y pamkax
METO/Iy I'PaHMYHOT CEHCMOCTIIKOCTI».

2. Final Report 3002000709. Seismic Probabilistic Risk Assessment Implementation Guide, EPRI, Palo Alto, CA,
2013.

3. Konpmmn B.IL, IT’sukoB T.O. OOGrpyHTyBaHHS BHKOPHCTAaHHS METOAOJIOTi rpaHndHOi cellcMOCTiiiKoCTi npu
kBaniikauii obmaxHanHs aec Ha cedcmocriiikicts // Hak. MypHan «Euepreruka: eKOHOMiKa, TEXHOJOTI,
exozoris».-K.: HTTY KITI,. 2016. Ne 2..- ISSN 1813-5420 (Print)-c.59-62

4. Evaluation of Seismic Safety for Existing Nuclear Installation // Safety Standards Series Ne NSG2.13,1AEA,
Vienna, 2009
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Determination of the value of boundary seismicity for emergency structures
of nuclear power plants in the SP LIRA-SAPR.

Lyubov Pervushova, leading engineer of the earthquake resistance evaluation department
https://orcid.org/0009-0004-7706-8131

SS "Scientific and Technical Center" SE NAEC "Energoatom" (Kyiv)

Calculation analysis of the seismic resistance of elements of operating nuclear power plants
within the framework of the method of ultimate seismic resistance is carried out in order to
determine the integral parameter HCLPF, which characterizes the level of seismic resistance of this
element. The HCLPF parameter, which is expressed in units of free fall acceleration g, is compared
with the value of the maximum ground acceleration (PGA) determined for the NPP site and
characterizes the intensity of the earthquake accepted as seismic qualification requirements [1,3].

If the condition HCLPF is greater than PGA, the seismic resistance of the element is
considered confirmed. If the condition is not met, then the development and implementation of
measures to increase seismic resistance is required.

When performing a linear-elastic calculation, the value of the HCLPF parameter in the
dimension of the maximum earthquake acceleration at the NPP site, "g", which the element in
question can withstand, is determined by the ratio [1,3]:

HCLPF= FS-F, - PGA @)

To calculate the HCLPF parameter for reinforced concrete structures in LIRA CAD, the
value of relative deformation - ¢ is taken as a parameter for determining the coefficient of seismic
reserve FS. Thus, the formula for determining the coefficient of seismic reserve will look like this
[1,3]:

FS = minFs, )
C. Dys.
F§ = Iiﬁ e ©))
& I DSE,' |

i — the number of the dimension point of the section (i = 4 for all types of sections
except the cross, i = 8 for the cross);
Dys,. — relative deformations due to the action of non-seismic loads included in the

specified combination of loads (for determination of C);

Dg,, — relative deformations due to the action of seismic inertial loads, taking into
account the previous SDS from NOC;

C, - relative deformations from the action of the maximum possible combination of
forces that the section can withstand. That is, the maximum bearing capacity of the section.

1 MT-T.0.03.326-13 «Metodyka rozrakhunkovoho analizu seismostiikosti elementiv diiuchykh AES u ramkakh
metodu hranychnoi seismostiikosti».

2 Final Report 3002000709. Seismic Probabilistic Risk Assessment Implementation Guide, EPRI, Palo Alto, CA,
2013

3 Konshyn V.1., Piankov T.O. Obgruntuvannia vykorystannia metodolohii hranychnoi seismostiikosti pry
kvalifikatsii obladnannia aes na seismostiikist // Nak. Zhurnal «Enerhetyka: ekonomika, tekhnolohii, ekolohiia».-
K.: NTTU KPI,. 2016. Ne 2..- ISSN 1813-5420 (Print)-s.59-62.

4 Evaluation of Seismic Safety for Existing Nuclear Installation // Safety Standards Series Ne NSG2.13,

IAEA, Vienna, 2009
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Bnuius raéapuTiB pyHIaMeHTHOI IVIMTH MAJIONIOBEPXOBOIo OYIMHKY Ha
¢popmyBaHHA B Hiil 3ycHiab

Bacuns Iionyyskuit, kano.mexwn.Hayxk, 0oyeHm Kageopu eomexHiku,
http://orcid.org/0000-0002-1936-3990

Kuiscokuii nayionanvshuit ynieepcumem oyoisnuymea i apximexkmypu (m. Kuig)

Mera [0CHiKEHHST — PO3TIISTHYTH BIUTUB TabapuTiB (yHIAMEHTHOI IUIUTH MAJIOIIOBEPXOBOTO
OyauHKY Ha GOpMyBaHHS B Hilf HAIPY>KEHO-IeGOPMOBAHOTO CTaHy, a caMe BILUIUB BIAIUTYBaHHS Ta
HE BIAITYBaHHs AedopmariitHoro mBa Mix Omokamu OyauHKY. JlOCTHi/KEHHs MOBeIeHi 3a
JIOTIOMOT'OI0 YUCIIOBOTO MOJIC/TIOBAHHS 32 METO/IOM CKIHYEHHHUX €JIEMEHTIB.

JlocHipKeHHsT epepo3noaity 3ycuib Y (YHIAMEHTHIH IUIUTI MajoloBEepXOBOro OYAHMHKY
BHKOHAHO Ha peainpHiil copyai. [IpeacraBneHnii OyanHOK CKIamaeTsest 3 TppoX OsokiB (puc. 1).
OcoOMUBICTIO € Te, IO Y BCIX TPhOX OJI0KaX BHCOTH MOBEPXIB Pi3Hi, a TAKOXK Pi3HI rabapHTH CaMUX
6sokiB. KoHcTpykTHBHA cxema OyJMHKY - JBOIIOBEpXOBa 3asli300€TOHHA KapKacHO-MOHOIITHA
cropyza 3 MifBalIOM IiJ BCi€lo IUIAMOIO0 3a0yHOBH i3 3aranmpHUMH rabapuramu 65,9 x48,4 m.
BpaxoByoun Ha MailIaHIMKy PUCYTHI CKJI IHI IPYHTOBI YMOBH (HEOJHOPIHHMI CKJIa IPYHTIB i
OyAMHKOM) Ta BEJIHKY PIi3HHIIO B HABAHT@KCHHSX B PI3HUX NPHUMIIIEHHSX, B SIKOCTI (yHAMEHTY
OyJ10 MPUIHATO MIMTHUN (YHAAMEHT i3 MOHOMITHOTO 3aitizo0erony ToBumHO0 400 MMm. Hecyunm
mapoM IpyHTy npuidaaro ITE-2 - micok muwTyBaTuii, cepeqHbOl IIIIBHOCTI, Majoro CTYIEHIO
BOJIOHACHYCHHS.

Pe3yIbTaTi YMCIOBUX PO3paxyHKIB GYHIAMEHTHOI IUIUTH 3 JehopManiifHuM IIBOM Ta 0e3 I1Ba
MOKa3aj, [0 MaKCUMAallbHI 3HAYCHHS BEPTHKAIBbHUX AedopMaliiii He 3MIHIOIOThCS Ta CTAaHOBISTH
18,0 MM, a B 30HI cTHKY OJIOKIB OyJUHKY BiAPI3HSIOTHCS — y BapiaHTi 3 Ae(opMaliiHUM IIBOM
ocimannst 3meHuryrotses 10 30 % (Puc.2).
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Puc.l - 3aranpHuil BUIIISAA HECydyumxX KOHCTpykuid Puc.2 - Ocimanus QyHIaMeHTHOI TIUIHTH 3
MaJIOTIOBEPXOBOTO OYAUHKY BJIAIITYBaHHAM Ta 6e3 BJIAIITYBaHHS

neopMarLiitHOro 1Ba, MM

3ruHa’abHI MOMEHTH Y (yHAAMEHTHIN IUINTI PO3HOALIAIOTECS HACTYITHUM YHHOM:

® B 30HAaX, BiJJI@JEHHUX BiJl CTHKY OJOKIB, MAKCHMAJIbHI 3HAYCHHS [PAKTHYHO HE 3MIHIOIOTHCS (B
Mexkax 5%).

e B 30Hax Oinst CTUKY OJOKIB OyIMHKY NpH BIAIITYBaHHI JedopManiiiHOro ImBa 3HaYCHHS
3rHHAIBHIX MOMEHTIB 301/IbIIYIOTHCS B HIDKHII 1 y BepxHill 30Hax pyHaamenTtHoi mmtH (Big 10%
10 3-x pasis). Lle mpu3BOANTE 10 30iTBIICHHS i apMyBaHHsI Ta 301IBIICHHS 3arallbHOT BAPTOCTI.

Tomy, 3BaXkaro4um Ha BCi (GpakTOpH, JUIs JaHOTO MAJIONIOBEPXOBOrO OYIAMHKY PEKOMEHIOBAHO

BJIALIITOBYBATHU BapiaHT (yHAAMEHTHOI IIUTH O3 nedopMaliitHuX MIBiB.

1. Mimtyuskuit B.JI. JlocmipkeHHs epepos3noainy 3ycuib y (yHIaMeHTHill IUIHTI CKIaIHOT KOHQIirypamii y
manonoBepxoux OyxiBiasx [/ B.JLITimnyuskuit, O.B.JIutBun // HaykoBo-rexHiunmii 36ipHHK «OCHOBH Ta
dynmamentn». — K.: KHYBA. — 2021. — Bum. 43. — C. 17-29. DOI: 10.32347/0475-1132.43.2021.17-29.
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The influence of the dimensions of the foundation slab of a low-rise building
on the formation of the stress in it

Vasyl Pidlutskyi, candidate technical sciences, associate professor of the Geotechnics
Department, http://orcid.org/0000-0002-1936-3990

Kyiv National University of Construction and Architecture

The purpose of the study is to consider the influence of the dimensions of the foundation slab
of a low-rise building on the formation of a stress-strain state in it, namely, the effect of the
construction and non-construction of a contraction joint between the building blocks. The study was
conducted using numerical modeling by the finite element method.

The study of force redistribution in the foundation slab of a low-rise building was performed
on a real construction. The presented building consists of three blocks (Fig. 1). The peculiarity is that
all three blocks have different floor heights and different block dimensions. The structural scheme of
the house is a two-story reinforced concrete frame-monolithic structure with a basement under the
entire building with overall dimensions of 65.9 x 48.4 m. Taking into account the difficult soil
conditions (heterogeneous soil composition under the building) and the large difference in loads in
the building blocks, a slab foundation made of monolithic reinforced concrete with a thickness of 400
mm was adopted. The bearing layer of the soil is EGE-2 - dusty sand, medium density, low water
saturation.

The results of numerical calculations of the foundation slab with and without a contraction joint
showed that the maximum values of vertical deformations did not change and amounted to 18.0 mm.
In the area of the building blocks' joint, they differ - in the variant with the contraction joint, the
settlements are reduced by up to 30 % (Fig. 2).
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Fig.1 - General view of the bearing structures of a low- Fig.2 - Settlement of the foundation slab with and
rise building without contraction joint, mm

The bending moments in the foundation slab are distributed as follows:

e in the areas far from the junction of the blocks, the maximum values almost do not change (within
5%).

o in the areas near the junction of building blocks, when a contraction joint is installed, the values
of bending moments increase in the lower and upper zones of the foundation slab (from 10% to 3
times). This leads to an increase in its reinforcement and an increase in the overall cost.

Therefore, taking into account all the factors, it is recommended to build a variant of the
foundation slab without contraction joints for this low-rise building.

1. Pidlutskyi, V., Lytvyn, O. (2021). Doslidzhennia pererozpodilu zusyl u fundamentnii plyti skladnoi konfihuratsii
u malopoverkhovykh budivliakh [Investigation of force redistribution in the foundation slab of complex
configuration in low-rise buildings]. Naukovo-tekhnichnyi zbirnyk «Osnovy ta fundamenty», 43, 17-29. (in
Ukrainian). DOI: 10.32347/0475-1132.43.2021.17-29.
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