V MIXXHAPOAHA
HAYKOBO-NPAKTYHA
KOHDPEPEHUIA

BYAIBAI TA CNOPYVAU
CNEUIAABHOINO NPU3HAYEHHA:
CYYACHI MATEPIANU TA
KOHCTPYKUII

POBOYA NPOMPAMA
TA TE3UN AONOBIAEN

M. KWIB
14-16 TPABHA

1111l
T
T (Rl

. . . . |.
SEEEEREEEEN
i i M k
b e e e e e e el T, |
k 5 1 5 ; - i

Jika



MIHICTEPCTBO OCBITH I HAVKH YKPAIHU

KUIBChKHI1 HALIIOHAJIbHUIA YHIBEPCUTET
BYIIBHULITBA I APXITEKTYPU
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POBOYA ITPOTPAMA TA TE3U JIOTIOBIJIEN

V MDKHAPOJAHA HAYKOBO-IIPAKTUYHA KOH®EPEHIIIA

MPUCBAYEHA 95 - I PIYHMIII 3ACHYBAHHSA
KHYBA I KA®E/IPYA 3AJIIB0BETOHHHUX
TA KAM'IHUX KOHCTPYKI[IU

BYJIBJII TA CHOPYJIU CHEIIAJIBHOI'O
NMPU3HAYEHHS: CYYACHI MATEPIAJIU TA
KOHCTPYKIII
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KHIBCbKMI HALIIOHAJIbHUM YHIBEPCUTET
BYJIIBHULITBA TA APXITEKTYPU

VYkpaina, m. Kui, [Ipocnext [loBitpsinux cui, 31



OPIr'AHIBATOPU KOH®EPEHIIIi
KUIBCbKMI HALIIOHAJIbHAM YHIBEPCUTET
BYIIBHULITBA I APXITEKTYPU

KOH®EPEHIIA BIABYJAETBCS 3A YUACTI

MiHicTepcTBO OCBITH 1 HAyKH YKpaiHu,
MiHicrepcTBO 000pOHH YKpaiHu,
Axazemis OyaiBHuITBA YKpaiHu.

HAYKOBUI1 KOMITET KOH®EPEHIII]

Onnexciit THITIPOB (pekrtop) - Ykpaina
Onexcanznp KYPABCBKH (ronosa) - Yrpaina

Tanat A3I30B - YkpaiHa
OnekcaHap AHZPINUYK - YkpaiHa
AHApPI BAMBYPA - YKpaiHa
Mapisa BAPABALL - YkpaiHa
Ceprin BIJTVIK - YkpaiHa

3uHoBiI# BIIXAPCLKIN - YkpaiHa
Bohdan DEMCHYNA - Poland
Icaak EB3EPOB - YkpaiHa
Ipuropiti IBAHYEHKO - YkpaiHa
Johni GIGINEISHVILI - Georgia
Krzysztof GROMYSZ - Poland
Roman KINASZ - Poland

FOnin KNNIMOB - YkpaiHa

€sreH KITMMEHKO - YkpaiHa
OnekcaHap KOBAJIbYYK - YkpaiHa
Bipa KOJTAKOBA - YkpaiHa

Bonogumup KPITTAK - Ykpaina
Enyapn KPUKCYHOB — Ykpaina
IMerpo KYJIIKOB — Ykpaina

ITetrpo JII3YHOB - Ykpaina

Amnppiit MA3YPAK - Vkpaina
Tersina HIKI®GOPOBA - Vkpaina
Aunppiii [TABJIIKOB - Vkpaina
Amnaroniit [IEPEJIBMYTEP - Ykpaina
Biraniit [IJTIOCKW-Ykpaina
Volodymyr POPOV - Lithuania
Mukona CABULIBKUM — Yipaina
Sergiy FIALKO - Poland

Cepriit ®UIIITYYK - Vkpaina
Poman XMUJIb - Ykpaina

Onnexciit LHIKYPATOB - Ykpaina
Peter STEMBERK - Czech Republic

PexomenioBano 10 1pyky Buenoro panoro KuiBcbkoro Oy1iBHUIITBA 1 apXiTEKTYpH, TPOTOKOI Ne
32 Bix 25.04.2025p.

B aBTOpChKiit peakiii (peKosierisi He Hece BiAMOBIIaIbHOCTI 3a 3MICT MarepiaiB KOH(pepeHIii)

V MixHaponHa HayKOBO-IIpaKTH4YHa KoH(pepeHIis «ByniBm Ta croopyam creniaabHOro
IIPU3HAYEHHS: MaTepiany Ta KOHCTpyKuii». ['onoBHuit pegakrop: O.J.Kypascekuit K.:KHYEBA,
2025.256 c.

ISBN 978-617-8633-26-4 (Online)
ISBN 978-617-8633-07-3 (Print)



META KOH®EPEHIIIT

CucTteMHe A0CIiKeHHS TPo0JIeM MPOEKTYBAHHS, PO3paXyHKY Ta eKCIuTyaTailii Oy/1iBens Ta
CIIOPY/I CIICHIAIBHOTO MTPU3HAYCHHS

MICIE MPOBEJEHHS KOH®EPEHIII{

Kuis KuiBchkuii HanioHaIHUN yHIBEpCHTET OyIiBHUITBA 1 apXiTEKTYpH
npocrekt [ToBitpsHux cui, 31, a.466.

Kondepenuist 6yae nposeaena y 3mimanomy ¢gopmari

TEMATUKA KOH®EPEHIIIT

 CyuacHi Oy1iBesIbHI MaTepiaiy Ta TEXHOJIOTIT [Uist OyiBesb CHeLialIbHOTrO TPU3HAYCHHSI.
* Meroau po3paxyHKiB Oy/iBesb Ta CIOPY/I.

* ExcriepuMeHTalbHI JOCIIKEHHS KOHCTPYKIIii AJ1st OyAiBeNb Ta CIOpy/] CHeHialbHOTO
NPU3HAYCHHSL.

* [IpoektyBanHsI OyAiBeNb Ta CIIOPY/ CHCHIATbHOTO MPU3HAYCHHS.

* TexHIuHMI CTaH, PEKOHCTPYKIIis Ta MiJACHICHHS OYIiBelb Ta CIIOPYI.

* [lanensHa auckycis: Komm'torepHe MoeroBaHH KOHCTPYKIiN Oy IiBelb i CIIopy /g
CIEL{abHOTO IPU3HAYCHHS.

EKCIHO3HUIIAHA MMPOIPAMA

Ilin wac mpoBeneHHS KOH(epeHNii Oa)kalouMM yJaCHHKAM HAJA€ThCS MOXIMBICTH UL
Ipe3eHTalii HayKOBO-TEXHIYHHX PO3pOOOK 3 OyAiBeNb 1 CIOPYX CIENiadbHOTO NPH3HAYCHHS,
HOBITHIX OyZAiBeIPHMX MaTepiadiB Ta BHPOOIB, HAyKOBO-MCTOAWMYHUX @palb Ta PEKIAMHO-
iH(pOpMaliiHUX JPYKOBAaHMUX MaTepialiB 3a IONEPEAHBOI0 JIOMOBJICHHICTIO i3 OpraHi3auiiHUM
KOMITETOM.

NYBJIKALIL

3a pesynbraramu KoH(epeHIii, kpamiiM podoram Oyzae 3ampoONOHOBaHO OIyOIiKyBaTh
HaykoBi mpaui B 16 Bumycky 30ipHuka HaykoBux npaub «byxiBenbHi xoHcrpykuii. Teopist i
MIPAKTHKaY.

Jlo 30ipHuKa yBiiIyTh cTaTTi, 0 OyayTh MOJAAHI 1 BIAMNOBIZAIOTH YCIM BHMOTaM [0
oopmIiIeHHS, MICTSATh HAYKOBY 1 IPaKTUYHY HOBHU3HY. 3 paBUJIaMU 110/1a4i Ta 0(OpMIICHHS cTaTeit
MOYKHA O3HAHOMHTHCH Ha calTe 30ipHHKa.

OPTAHIBAIIIIMTHUI KOMITET

OnekcaHap KOBAJIbYYK (ronosa)
Bipa KOJTAKOBA (3aCTyrnHWK rosoBu, KepPiBHNK TEXHIYHOIro KOMITeTY)

Jleoning CKOPYK

Tersna BEKCJISIPCBKA
Ozer DECEHKO y Bikropis LLHOBKIBCbKA
Jimutpo KYPABCHKUI Tlapis BAPAHELIDKA
Ounekcannp IIOBAXKHIOK P 2

Onena BOMYEHKO

[puropiit BOULIEXIBCHKUIA



MAPTHEPH KOH®EPEHILIT

OprroMiTeT BHCA0BIIOE WHPY HOIHKY
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PETJIAMEHT KOH®EPEHIIIT

3axi Hara Hac
v NpOBeJeHHsT Iocnnanns
PeecTpanin 14.05.2025 09:00-10:00 3apeecTpyBaTich
Conference participant 14.05.2025 09:00-10:00 Application for

registration

Participation

BinkpurTs kondepenuii

IlnenapHe 3acinanus

Ipuennaruce 10

0.466 14.05.2025 10:00-13:00 conbepenuii
Cexkmisi 1,2 a.466
ByaiBes i KoHCTpYKIHi 14.05.2025 14:00-18:00
Ta TEXHOJOTil e : : MpHeTHATHED 10
CyuacHi OyaiBenbHi KoH(epeHuii
MaTepiann 14.05.2025 14:00-18:00
Cekuist 3 a.466
Komn'torepne
MOJEJTIOBAHHS -
.o . .
KoHCTpYKuili OyxiBenb i | 15.052025 | 10:00-13:00 | - AcAHATHERO

CIOPYA CHeliaIbHOTO
NMPU3HAYCHHSHA

KoHepeHmii

3akpurTs KaHdepeHuii.

3acizaHHs HAYKOBOIO
KOMiTeTy

16.05.2025

11.00-15.00

Ilnenapwi - no 15 x

TpuBajicTh BUCTYNIB:

B.

Cexkuiiini — g0 10 xB.

Cexkuis 1.
Cexkiist 2.
Cexkiist 3.

3 ¢piHaHCOBUX NNUTAHb

KOHTAKTH

Bipa KoasikoBa

Bikropis llloBkiBcbKka

e-mail: knubazbk@gmail.com

067 509-06-05

066 460-00-01
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‘cyuacni mamepianu ma koncmpykyiiy (14-16 mpasus 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

POBOYA IIPOI'PAMA KOH®EPEHIIIT

PEECTPALISA YYACHHUKIB
https://forms.gle/fYhyS9IpRiLw2kEN7

IIVIEHAPHE 3ACIJJAHHS

Ipuennaruce 10 koHdepeHmii

14 TpaBus 2025 p.

9:00 — Peecrpaliist yuacHHKIB
10:00 — Bigkputtst KOHpEpeHILii, nepiie mieHapHe 3acilaHHs
13:00 — ITepepsa

TpuBanicTs BucTYynmiB - 10 15 xB.

1. Bitanbne cnoBo pekropa KHYBA
o.10.n /{ninpoe O.C.

2. BitanbHe ciioBo ['010BU opraHizaliifHoro KOMiTeTy, IpOpeKTopa 3 HayKoBoi podoTH
Ta iHHOBaIiliHOTO po3BUTKY KHYBA.
c.H.c. Kosanvuyk O.1O.

3. BitanbsHe cnoso IIpe3unenTa akaaemii OyniBHULTBA Y KpaiHu
npog. Hazapenxo I.1.

4. Cmpyxkmypa OIIIl "OntuManbHe TPOEKTYBaHHS, OYAIBHHUITBO Ta Oe3redHa
eKCIuTyarallis 00'eKTiB KPUTUYHOT iHppacTpyKTypu"
npogp. Ilnockuii B.O., npogh. Ckouko B.1.

5. Po3Burok nepskaBHoi KoHnennii «Kpaina-doprerys»
ooy. binuk A.C., npog. binuk C.1.

6. Ictopr4HU# orysi GOpTUQIKAIIHUX 1 3aXHCHUX CIIOPYT
npogh. Muxaiinoscokuii /I.B.

7. Moxmusocti SikaCarboDur Software npu po3paxyHkax MOCHICHb OYAiBEIbHUX
KOHCTPYKIIi}
ooy. Ilanuenxo O.B., oou. Cooxo FO.M. (KHYBA, HY «/Ivsi6écvka nonimexuixan)

8. MozentoBaHHS 3MiHH HAIPyKEHO-1€OPMOBAHOTIO CTAHY KOHCTPYKIIH IIPOTATOM
JKUTTEBOTO LIUKJTY B iporpaMHomy 3adesneueHHi LIRA-FEM
npogp. bapaoaw M.C., PhD. bawuncvkuii O.B. (TOB JIIPA CAIIP, KHYFA)

9. SCAD Office - InrerpoBana cucrema aHani3y KoHCTpyKuii. CyuacHuii cra i
HAINpsSIMOK PO3BUTKY
Kkano. mexn. nayk Kpukcynoe E.3., (HB TOB «CKAJ[ Cogpm»).

10. TIK JITPA 10.14: HaniiiHuii iHCTPYMEHT Y TIPOEKTYBaHHI Oy iBeIbHUX
KOHCTPYKLIi# Ta cropyn,
Mapuenxo /1, I'pyna komnaniit IIPA, TOB «JIIPA cogpm»

11. CydacHi TeHIeHIIT B ramy3i OyAiBHUITBA i3 3a11i300€TOHY.
Tpomca IO. (TOB "IIEHKKO YKPAIHA")
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CEKIIIS 1

«BYJIBEJIbHI KOHCTPYKIII TA TEXHOJIOTIi»

Ipueanaruck 10 koHdepenuii

14 TpaBus 2025 p.

14:00 — Cexuiitae 3acinanus
Tpusaiicts BuctyniB - 10 10 xB.

1. MiUHICTh CTUCHYTHX 3aJi300€TOHHMX €JEMEHTIB MpU HENpsSMOMY apMyBaHHI
3BapHUMH CITKaMU
HOnii Knimos, ooxm. mexn. nayk, npogecop ragheopu 3aniz006emoHHUX ma Kam sHux
xoncmpyryiu, (KHYFA).

2. Oco0nMBOCTI MIACHIICHHS 3TMHAIBHUX 3AJ11300€TOHHUX €JIEMEHTIB 3 BUKOPHCTAHHIM
MONEPEHbO-HAIPYKEHOT KOMIIO3UTHOI apMaTypu
Anopiii Baméypa, ooxm. mexn. nayxk, npoghecop xageopu 3anizo0emoHHuUx ma Kam sHux
xoncmpyxyiu, (KHYBA),

Jmumpo Kypascokuii, acnipanm xageopu 3ani306emoHHUX ma Kam sHux KOHCMpPYKYit,
(KHYBA).

3. KoM0iHOBaHI CKJIOMJIACTUKOBI €IIEMEHTH, apMOBaHi KOMIO3UTHUMH CTPidKaMU
Onexcanop Kypaescovkuii, 0okm.mexH.Hayx, npogecop, 3a6idyeay kagpeopu
3anizobemonnux ma kam snux koncmpykyii, (KHYBA),

Onexcanop Ilosarcniok, acnipanm xagedpu 3ani300emoHHUX MA KAM SSHUX KOHCMPYKYIU,
(KHYFBA).

4. Po3paxyHOK MOXWJINX Iepepi3iB 3ai300eTOHHUX OaJOK 3 BUKOPUCTAHHAM Jedopma-
IHHOTO METOTY
Onexkcandp Kypaecvkuii, O0okm. mexH. Hayk, npoghecop, 3agioyeay kragpeopu
3anizobemonnux ma kam'snux koncmpykyiti, (KHYbA);
Anopiii  Bamoypa, ooxm. mexn. Hnayk, npogecop, 3agidyeau 6i00inom HaOditiHOCMI
KoHcmpyKyil 6yoieens i cnopyo, (H/IIFK);
Teopeiit Boityexiecokuil, acnipanm xagheopu 3aniz00emonHux ma Kam'snux KOHCmpyKyiil,
(KHYFBA).

5.CyuinbHi 3a1i300€TOHHI IUIUTHI Ta KOMOIHOBaHI IUNIUTHO-NAILOBI QyHIAMEHTH:
0COOJIMBOCTI Ta MEPCIICKTUBHU 3aCTOCYBaHHS
Bonooumup Kpinak, xano. mexu. nayk, npogecop kagheopu 3anizodemonnux ma Kam sHux
rxoncempyryiu (KHYBA);

6.HopMyBaHHs 3aCTOCYBaHHsI METaJeBOI apMaTypH IEpioJUYHOTO POd1iIIo B
KOHCTpPYKIisiX MocTiB Ta TpyO. 3mina Ne 1 JIGH B.2.3-14:2006
Izop Babsak, kano.mexn.nayx, c. H. c., 3a8i0yeay 8i00iny Haditnocmi Koncmpykyii 6yoisens i
cnopyo, 11 «Hayionanenuii incmumym po3eumky iHhppacmpykmypuy.
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7.MoHOUIITHI Hecydi TOPU30HTAJIbHI 3a11300€TOHHI KOHCTPYKIIIT IK OCHOBHUII €JIeMEHT
cucTeMH 3a0e3nedeH st KiimMaty Oy aAnHKy
Bonooumup Bpyusko, xepienux 6iooiny, Kuie3H/IEIT

8. lehopmaltiiiHi XapaKTepUCTUKH MACHBHOI, KJICEHOT Ta MEPEXPECHO-KICEHOT ICPEBHHU:
EKCIIEePUMEHTAIIbHI JIOCII/PKEHHS Ta YUCEIbHE MOJIEIIOBAHHS
Cepeiii binuk, 0okm. mexn. Hayk, npoghecop, 3a8i0yeay Kagpedpu memanesux ma oepes sHux
rxonempyxyitl;, (KHYBA);
JImumpo bimiokos, acnipanm Kagedpu memanesux ma 0epes’siHUX KOHCMPYKYIU,
(KHYVBA).

9.MopenoBaHHs Aii yAapHO-BUOYXOBUX BILIMBIB HA KOMOIHOBaHI MEPEKPUTTS
Muxuma Binses, acnipanm xagheopu memanesux i depes snux koncmpyryitl (KHYBA);
Cepeiti binuk, ookm. mexn. nayk, npogpecop, 3asioysay Kagpeopu memanesux i depes ssHux
rxonempyryitt (KHYBA).

10. OcobnuBoCTI 3aCTOCYBaHHS KOMIT IOTEPHUX METOIB IIPHU BU3HAYCHHI )KOPCTKOCTI
CTaJICBHX BY3JIiB
Bauecnae Adamenko, xano. mexH. Hayk, O0oyeHm Kaghedpu Mmemanesux i Oepes sHux
xoncmpyxyit, (KHYBA);
Onez Pomanuwen, acnipanm xaghedpu memanesux i oepes snux koncmpykyii, (KHYHA);,

11. Tocsin Bukopucranus [IK SCAD npu npoekTyBaHHI CIIOPY/T MOABIHHOTO MPH3HA-
YEHHS
Maxkcum Babiweeuu, ooxm. mexu. Hayk, npogecop ragedpu 6ydisenbHoi MexaHiKu,
(KHYBA);
Iz0p ®ecyn, acnipanm kaghedpu 6yoisenvnoi mexanixu, (KHYBA);
JImumpo Jlykawesuu, acnipanm xagheopu oyoisenvroi mexanixu, (KHYEA).

12. TemneparypHi MOJielTi PO3BHUTKY MOXKEK MPOMHUCIOBUX OyIiBEIb ISl OLIHKN
BOTHECTIHKOCTI KOHCTPYKIIii
Tapac Ilnans, ookm. mexH. Hayk, npogecop xapedpu 6ydiserbHUX KOHCMPYKYil ma
mocmis, (HY «Jlvsiscbka nonimexuixay)
Izop Mauux, acnipanm raghedpu Oyodieenvrux koncmpykyi ma mocmis, (HY «J/lvsiscoka
noaimexHikay).

13. BIutiB KOHCTPYKIIHHO-TEXHOJIOTTYHUX PIILICHb 3aXMCHOTO OTOPOKECHHS SIEPHOTO
peaxtopa AP1000 Ha oprani3aitito Oy/iBEelbHIX MPOIECiB
Kaponv Ckiba, macicmep, acnipanm; Iipnuvo-wemanypeiuna axkademis im. Cmaniciasa
Cmawiya (m. Kpaxis, [lonvwa)
Poman Kinaw, npogecop, 0.mexn.nayx, ®@axyivmem yusintbhoi indcenepii ma ynpaeninus
pecypcamu, Lipnuvo-memanypeitina axademis im. Cmanicnaéa Cmawiya (m. Kpaxis,
THonvwa).

14. ExcriepuMeHTalbHe JOCIIKEHHS 3a1i300€TOHHUX 0aJIoK 3a JIOTIOMOTO0 U(pPOBOT

300pakeHb
3inogin bnixapcovKuii, 0okm. mexu. HayK, npogecop kagheopu 6ydigenbHux KOHCMPYKYil ma
mocmie (HY «Jlvsiscoka nonimexuikay),
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Haszapiii Muxaneecokuii, acnipanm xagheopu Oyoisenvnux xoncmpykyiti ma mocmis, (HY
«/Ivgiscora nonimexuikay).

Ilagno Bezepa, xanouoam. mexu. Hayk, ooyenm Kageopu OyOigenvbHux KOHCMpyKyiti ma
mocmie, (HY «Jlvsiscvora nonimexuixay).

https://orcid.org/0000-0002-3437-1825

15. MeTozuka poBeAeHHs €KCIEPUMEHTAIBHUX JOCIIKEHb iICHICHHS MOHOJITHIX
3aJ11300€TOHHUX KOHCTPYKIH 3 BMKOPHCTAHHSAM IIONIEPETHBO HAIPYKEHUX apMaTypHHX
KaHaTiB
Jmumpo Cmopkanos, kanouoam mexuiyHux Hayk, ooyenm xageopu 3aniz00emoHHux ma
xam ‘anux koncmpyryit, (KHYBA);

Bonooumup Bunokyp, acnipanm kagheopu 3a1i300emoHHUX MA KAM STHUX KOHCIPYKYIL,
(KHYbBA).

16. TocmipkeHHsT CTIMKOCTI 000JI0HKH MiHIMaJIbHOT TOBEPXHI Ha TPaIeleBUIHOMY
KOHTYPI 3 ypaXyBaHHSAM I'€OMETPUYHOI HENIHIHHOCTI IPH TEPMOCHIIOBOMY HABaHTaKEHHIO.
Tpuzopini leanuenko, ooxm. mexu. Hayk, npogecop ragedpu 6y0igeibHOi MeXaHiKu,
(KHYBA);

Onekcandp Koweesuii , ookmop @inocoghii, doyenm ragedpu meopemuuroi mexawixu,
(KHYVBA).

17.TIpobnemu TOBroBIYHOCTI KaM’STHOTO IIOKOITI0 Oy 1iBelib 1 CIIOPY I
Cepeiii Bonkos, ookmop @inocogii, cm. euxi. kagedpu npomMuciogozo YugiibHoO2o mda
Mmicvrozo 0yoienuymesa, (KHYEA),

Onexcanop €EpbomeHnKo, KaHo. mexH. HAYK, 00Y. Kagheopu NpoMUCI08020 YUBLTLHO2O Md
Mmicvrozo 0yoienuymesa, (KHYEA),

18. JlocimKeHHsI TEIIOBUX BIaCTHBOCTEH BEHTHIILOBAHUX (pacaiB
Onena Onekcienko, kano. mexm Hayk, oupexmop pozeumxky oiznecy (Lab-Consulting)

19. BukopucTanHs 30ipHAX 3211300 TOHHIX KOHCTPYKIIiH B 0araTomoBepXxoBHX
KapKacHUX BHOYXOCTIMKHMX OYHiBIISIX
TI'anuna TI'emyn, xano. mexu. HayK, npogecop Kageopu apximekmypHux KOHCMPYKYI,
(KHYbBA);

Ipuna besknybenko, kano. mexu. nayk, ooyenm kagheopu ITIIIIM, (KHYFA);
Anopiii Conomin, xano. ¢iz.-mam. nayk, ooyenm kagheopu biobesnexu i 300p0o8 s 10OUHU,
(HTY Vkpainu KIII im. Ieops Cikopcokozo).

20. OcobanBOCTI MOJIETTIOBAHHS OONITOBUX 3’ €/JHAHb TOHKOCTIHHHUX CTAJICBUX €JIEMEHTIB B
3a/1a4ax MOJIAJIbHOTO aHaJI3y
Onez /[leoos, 0okmop mexHIUHUX HayK, npogecop kageopu mawiun i 001aOHAHHS
mexwonoeiunux npoyecis, (KHYbA),

Jmumpo Casuyk, acnipanm xagheopu 6yodisenvrnoi mexanixu, (KHYBA);
Cepciii Hogikos, acnipanm kagpedpu oyodieenvroi mexarixu, (KHYBA).
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21.BripoBapKeHHsI pillieHb 3 0OJITOBUM 3’ €JHAHHSM IS 3113006 TOHHUX KOHCTPYKIIif
Jleonio Cropyk, kamo. mexu. HAYK, O0Y. Kageopu 3ani306emoHHUX mMa KAM STHUX
xoncmpyxyiti, (KHYBA);
Onexcandp Ianueooa, kano. mexn. nayx, inocenep, (TOB "ITEMKKO YKPAIHA")
22.306ipHO-MOHOJIITHI KOHCTPYKIIT [yIsi OyAiBHUIITBA CIICI[IAIbHUX CIIOPYI 13 3aXUCTY
HACEJICHHS
Muxkona /{o6poxnon, KaHO. mexH. HAYK, OOYeHm Kageopu 3ani300emoHHUX MAd KAM SAHUX
Konempykyiti, 3acnyacenuti 6ydisenvnux Yipainu, (KHYFEA),
Bacuns Bauuncexuii, acnipanm rageopu 3ani300emoHHUX ma Kam SIHUX KOHCMPYKYIl,
3acnyarcenuit 6yoieenvrux Yrpainu, (KHYBA).
23.PamioHanbHi KOHCTPYKIIi CTAIeBUX (epM i3 MmapaneT-HIMH ITOSICaMy 3 ypaxXyBaHHIM
i1 30CepeKEHOTr0 IMITYJIbCHOTO HaBaHTAKEHHS
Apmem binuk, xano. mexn. nayk, doyenm xagedpu memanegux i 0epeg’siHux KOHCMpPYKYill,
(KHYBA);
Maxcum Tepnosuii, acucmenm xagedpu memanesux i depeg sinux koncmpyryii, (KHYBA).
24.0uiHKa BIUIMBY IMITYJIbCHOTO HABaHTa)KEHHS CIPUYMHEHOI0 BUOYXOM Ta y/1apoM Ha
3arnMbJIeHi 3aXUCHI CIIOPYIU Ta IPYHTOBE CEPEIOBHIIE
Bixkmop Hocenko, kxano. mexu. nayx, sagioysau kageopu ceomexnirxu, (KHYBA);
JImumpo Heuunopenxo, acnipanm xageopu ceomexuiku, (KHYBA).
25. Metonuka BUIIPoOyBaHHS IBOLIAPHIPHHUX 33113006 TOHHUX pam
Cepeini Dininuyk, 0.m.n., npogecop Kagheopu nPoMUCIO8020, YUBITbHO2O OYOIGHUYMBA A
inowcenepnux cnopyo, (HYBI'TI),
Onexcandp CoobimancoKuil, acnipanm xapeopu npomucioso2o, YusiibHo2o OyOi6HUYMEd
ma indceneprux cnopyo, (HYBI'TI);
FOpiii Kosanvuyk, cmapwuii euxnaday kageopu npomMuciosozo, yugiibHo2o OyOieHuymed
ma inoiceneprux cnopyo h(HYBITI).
26. AHauni3 BIUTUBY CHIOCOOIB MOJICITIOBAHHSI OCHOBH TUTUTHUX (DYHIaMEHTIB Ha PO3IOILIT
HarpyxeHb i 1eopmaltiii y KOHCTpYKIisX Oy/iBesb
Onexcandp Iaspuniok, acucmenm xageopu ceomexuixu, (KHYBA);
Beponixa 2Kyk, kano. mexn. nayk, doyenm kagheopu ceomexniru, (KHYBA);
Ocman Kawoioa, PhD, ooyenm xageopu ceomexnixu, (KHYFA).
27. JlnHaMivHa TIOBE/IiHKa BUCOTHOI OY/IiBJIi, pO3TAlIOBAHOT MOOIN3Y PYXY 3aJi3HUYHOTO
TPaHCHOPTY
Onvea JIyk’sanuenxo, 0oxkmop mexH.HayK, npoghecop kagedpu OyodigenvHoi mexamixu,
(KHYVBA);
Anopiii Kozak, xano.mexu.nayx, ooyenm kageopu oyoisenvnoi mexanixu, (KHYBA);
[Menuc Kocmin, acnipanm xagpeopu 6yoisenvroi mexaniku (KHYBA).
28.Ecki3zte (hOopMOYTBOPEHHS TUCKPETHUX 00OJIOHOK CIIOPYIT CIIEI[iaIbHOTO
NPU3HAYCHHS, 1110 NepeOyBaroTh I/l BIUIMBOM 30BHIIIHIX KOMOIHOBaHUX BIUIUBIB
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Bimanii ITnockuii, 0okmop mexHiuHux Hayk, npoghecop, 3asidysay kapeopu apximexmypHux
xkoncmyxyiu, (KHYBA);
Poman ITacvko, PhD, 0okmopanm, kageopa apximexmprux xoncmpyxyitl, (KHYEA) ;
Onexcandp Iwyk, 3000ysau, (KHYFEA).
29. TopiBHJIBHUE aHaNi3  pO3paxyHKy CTIHOBUX JiadparM JIETKHX JepeB’sTHUX
kapkacHux OynuHkiB 3a EN 1995-1-1 ta ANSI/AWC SDPWS-2021
Tapac Illnans, dokm. mexH. Hayk, npogecop kageopu 6yOieenbHUX KOHCMPYKYit ma
mocmis, (HY «Jlvgiccobra nonimexuixay);
Onexcanop Jlenyea, acnipanm ragheopu Oyoieenvnux koncmpykyit ma mocmig, (HY
«/Ivsiscora nonimexuikay),
ITeop Mayuk, acnipanm kagedpu 0yoieenvrux Koncmpykyiu ma mocmis, (HY «Jlvgiscora
noaimexHikay);
30.1Iporpecyroue pyiiHyBaHHS KYITOJIBHIX KOHCTPYKITii
Onena Kocmina, xano.mexu.nayx, ooyeum xagheopu 6yoieenvnoi mexanixu, (KHYHA),
Bozoan Camoiinenko, acnipanm xagheopu 6yoisenvnoi mexanixu (KHYBA).
31.TlopiBHSIHHS METOIUK PO3PAXyHKY MMapaMeTpiB BUOYXOBO-yIapHOT XBUIII IS
PO3paxyHKy CIIOPY/ IHKEHEPHOrO 3aXHCTY
Jenuc MuxaitnoecoKkuii, 0oxm. mexn. Hayk, npoghecop kagheopu memanegux i oepes siHux
rkoncmpyryiil, (KHYBA),
Onez Komap, acnipanm xagheopu memanesux mai oepes ’suux koncmpykyiti, (KHYBA).
32.Cranesi 6aiku i3 3MIHHAM TIepepi3oM, BHOIp ONTHMAIILHOI TOTIONOT 1
Jwoomup /Dcanos, acucmenm xagedpu memanesux i oepeg’sinux koncmpykyiti, (KHYBA).
33.BorsecTiifKicTb CTIHOBHX KOHCTPYKIIIH 13 KepaM3UTOOETOHHUX OJIOKIB
Onez Decenxo, Kand. mexH. HAYK, OOYeHM Kagheopu 3aniz00emOHHUX Ma KaM SIHUX
xkoncmpyxyitl, (KHYBA);
Bipa Konskoea, xano. mexu. nayk, ooyenm kagheopu 3ani300emOHHUX MA Kam SHUX
xkoncmpyryiil, (KHYBA),
ITempo Ilonpyza, xano. mexn. nayx, HAYATbHUK 1AOOPAMOPIT 3 KOHMPOTIO 8UPOOHUYMEA,
(L1 «Kuis-Pecypc»).
34. EneproedekTuBHI MaTepiaay Ta KOHCTPYKIIT B aBTOMATU30BAHUX CHCTEMAX
TEIJIONOCTaYaHHs
Onexcin Hiximenko, acnipanm xageopu micbkoco Oyoienuymea i apximexmypu, (3HY,
M.3anopiscorcs).
35. Bu3zHaueHHsI TPaHUYHOI CEHCMOCTIMKOCTI CTaleBUX KapKacHUX Oy/iBellb KpUTHIHOT
iH(PACTPYKTYPH JiHIIHO CIIEKTPATIbHUM METOAOM
Isan Tpycos, acnipanm kagedpu memanesux ma oepeg snux xoncmpykyiti (KHYBA),
HauaneHuK 6I00LY oyinku ceticmocmivkocmi @ginii "Bidokpemaenuti nioposoin", (HTLT
"HAEK "EHEP['OATOM").
36. YucenbHe MO/ICIIIOBaHHS BIUTUBY BUOYXIB Ha 3aXHCHI CHOPY/IM LIMBLILHOTO 3aXUCTY
Tapac Jonensn, doyenm xagedpu cnopyo cneyianrvnozo npusnavenns, (KHYBA)
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37. JlocnipKeH s BIUIMBY IIMKJTIYHOTO HAaBAHTAXKCHHS Ha 3aJ11300€TOHHI KOHCTPYKIIIT 3
BUKOpUCTaHHAM Metoay Monre-Kapio
Temana Yupea', xano. mexn. nayx, ooyenm Kagheopu apXimexmyphux KOHCMPYKYil,
(KHYBA);
Bipa Konakoea!, xano. mexn. nayk, doyenm kageopu 3anizo6emoHHux ma Kam saHux
xkoHcmpyxyit, (KHYBA);
Bonooumup Yupea’, kano. mexn. nayk, sacm. oupekmopa, (TOB «IIpudninpos’cy).

38. Ontumizailiss KOHCTPYKTUBHO-TEXHOJIOTIYHUX PIillIeHb BiTHOBJICHHS 32113006 TOHHOTO
HIIAXONPOBOY
Teop Illymakos, ooxmop mexH. Hayk, npogecop, 3agidysay Kagedpu mexnonozii ma
opeanizayii 6 Oyoienuymei (XHYMT),;
Bonooumup Byzacecokuii, acnipanm xagheopu mexnonozii ma opeanizayii ¢ 6y0ignuymsi,
(XHYMT).

39. I1ocke nosnerueHe 3ani300eToHHe 301pHO-MOHOJITHE IEPEKPUTTS 3 HOPOKHUHAMH 13
TUIACTHKOBHX KYJIb
Onena byuyvka, xaumo. mexw. Hayk, O0oyeHm Kageopu 3ani300eMOHHUX Md KAM SHUX
rkonempykyiti, (Vepaincorui oepoicasnuil ynieepcumem nayku ma mexuanoziu, YVHT);
Muxona Maxinvko, kano. mexu. HAyK, Ooyenm Kageopu 3aniz00emoHHUX ma Kam sHux
xkoncmpyryii, (YAVHT),;
Onena Mapunuenxo, 3000y6au nepuioco (6axanagpcvkoeo) pieHs Guwoi oceimu 3a
oceimnvoio npoepamoro «IIpomucnose i yusinone 6yodisnuymeo (VAVHT).

40.YucnoBi gociipkeHHs: poOOTH 3a1i300€TOHHOT apKU Ha JIiF0 CTATHYHUX
KOPOTKOYACHUX HABAHTAXKCHb
Bozoan Kapasan, ookm. ginocogii (Ph.D.). cmapwuil suxiaoay xapeopu npomuciosozo,
yusibHo20 6yOdignuymea ma inceneprux cnopyo, (HYBITI);
Bikmop Kapasan, x.m.n., ooyenm xageopu npomuciosozo, yusiibHo2o 0y0ieHuymea mad
inoceneprux cnopyo, (HYBITI),
Cepeini @ininuyk, 0.m.un., npogecop Kagheopu nPoMUCIO8020, YUBLILHO20 6YOIGHUYMEA Md
inoceneprux cnopyo, (HYBITI).

41.Meronnka po3paxyHKy IIOBEPXOBHUX CIIEKTPIB BIArYKy OyaiBelnsb i ciopya 00'eKTiB
KPUTUYHOT IHPPACTPYKTYpH
Joboe Ilepgywmosa, acnipanm xageopu memanesux i depeg sinux koncmpykyit (KHYEA),
cmapwuti indcenep 8I00LNY oyinku ceticmocmivkocmi ¢inii "Bidokpemaenuii niopo3oin;
HTIT "HAEK "EHEPI'OATOM").

42.PanioHanpHa KOHCTPYKIIIHHA CHCTEMaA CTalle3a1i300€TOHHNX aBTOAOPOXKHIX MOCTIB
FOpiit Kpynw, kano. mexu. Hayk, cm. 8uxi. kageopu o6yodigeavnux koncmpykyit, (XHYMT');
ITaeno @ipcos, kano. mexH. HayK, 0oyeHm Kagheopu oOyodiseavHux koncmpyryii, (XHYMT);
Xammyo Moxammao Taxpan, acnipaum xageopu 0ydisenvuux koncmpyxyiu, (XHYMT).

43. ocaimpkeHHs (haKTOPiB BIUIMBY HA TEXHOJIOTIIO 3BE/ICHHS MiA3EMHHUX KOHCTPYKIIiit
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METOJIOM TPaBITAI[IITHOTO BUIaBIIOBAHHS

Onekcandp Maxuns, Kaumo. mexH. Hayk, O0oyeHm Kageopu 6yOieenbHUX MexHon02il,

(KHYFA);

€ezeniii I'anenxo, acnipanm xageopu 6yoigenvrux mexnonoziil, (KHYBA).
44.EexTUBHICTh BUKOPHUCTAHHS 3aXHCHUX CIIOPY/ IIPH ANHAMIYHOMY HaBaHTAXKEHHI

Jrwomuna Apanacwvesa, kano. mexu. Hayk, OoyeHm Kagheopu 3ani306emoHHUX Ma Kam sSIHuX

rxonempykyiti, (KHYBA).

45. luckpeTHe GOpMOYTBOPEHHS MiA3EMHHX CIIOPY/I CIIELiabHOTO IPU3HAYCHHS
Bonooumup Ckourko, oOoxm. mexn. Hayk, npogecop, Kageopu. apximexmypHux
KOHCmpYKYitl, 3a8. Kagedpu cnopyo cneyiarbrozo npusnayenns, (KHYBA);

Kupuno Mapmunoecexuii, 3000ysau (KHYFA);
Onexciin Komnapescokuii, x.e.n., doyenm xageopu cnopyo cneyiaibHo2o NpusHayeHHs,
(KHYBA).

46. TIpyHIMITY T KOTO 3MIUBAHHS IT1[36MHHUX TYHEIIiB
Anopin Ilocikepa, acnipanm xagedpu apximexmypHux koncmpykyiu, (KHYBA);

JImumpo Commnikos, 0okmopanm xagedpu apximexmypHux koncmpyxyii, (KHYEA).
47.TeoMeTpuyuHe MOACIIOBAHHS (HOPMHU MiA3EMHHUX CIIOPY/ 000JIOHKOBOIO THITY

Baoum Cnipioonos, acnipanm xag. apx. koncmp., (KHYBA);

Bonooumup Ckouxo, 0.m.n., npog., kag. apx. koncmp., 3a8. Kagh. cnopyo cneyiaibHoco

npusnavenns, (KHYBA);

Anopiii HHlupoxos, acnipanm xag. apx. koncmp., (KHYBA).

48. Tunosi npobiemu nepeodiaJHaHHS MiBaIbHUX MPUMIIICHb Y HAHIPOCTILI YKPUTTS
3 BUMOTaMH 1HKJIFO3MBHOCTI
Temana Jlakina, 3000ysauxa nepuioco (baxanaspcvrkozo) piensa suujoi ocsimu, (KHYBA),
Cepeiti Koorcedyo, kano. mexn. nayk, ooyenm kageopu cnopyo cneyiaibho2o npusHayenHs,
(KHYFA);

Temsana Bexcaapcoka, 3as. 1abopamopii kagedpu apximexmypnux koncmpykyitl (KHYBA).

49. BrutuB xapakTepUCTHK IPYHTY Ha 3aXUCT BiJ padiallii 3aXUCHUX CIIOPYT
Tapac /loneus, doyenm kagedpu cnopyo cneyianvroeo npusnavennsi, (KHYbA);

Tynoap Invs, 3006y6au opyeoco (mazicmepcokoeo) cmynens oceimu, 192 «lIpomucnose i
yusinone Oyoienuymeoy (KHYbBA).

50. Texnosorist 3BeIGHHS] MOHOJIITHUX 3113006 TOHHUX KOHCTPYKI[iil B yMOBax yapKOro
KIlimMaTy
TI'anna Illnakosa, 0okmop. ekoHoM. HAYK, npogecop Kaghedpu 6yodisenvHux mexHoaoeit,
(KHYBA);

Anopii IlInaxos, 00kmop. eKoHOM. HAYK, Npopecop Kapeopu MeHedNcMenmy 6
oyoisnuymsi, (KHYBA).

51.Hecyua 3pmaTHicTh OanoK 3 KOMOIHOBAaHMM apMyBaHHSIM METAJIeBOIO Ta 0a3aibTo-
IUIACTHKOBOIO apMaTypOIO
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Onexcandp Banoeoii, kano. mexu. nayx, npogecop xagheopu npomuciogoeo yuginbHozo i
micobroeo 6yoisnuymea, (KHY, m. Kpusuu Pie);
Maxkcum Banoeoit, xano. mexu. nayk, 0oyeHm Kageopu NPOMUCIOB020 YUBLIbHOZ0 |
micvroeo 6yoisnuymea, (KHY, m. Kpusuii Pie);
Tzop Manuii, acnipanm xagedpu npomuciogozo yusinbho2o i micbkoeo 6yoisnuymea, (KHY,
m. Kpuesuii Pie).
52.TIpocropoBa MOzENb 3a Te0e3MNYHIMY JAHUMHU KYMOJy Iisaanbkol 3amu Harionasns-
HOT'O ipaMaTHYHOTro Teatpy iMeHi Jleci Ykpaiuku
Muxaiino Axosenxo, 3asioysau nabopamopii, (/{11 H/[IPK);
€Eeeen 3opin, nposionuii inaxcenep, ({11 HIIBK),
Iz0p Benw, nposionuil inocenep, (/11 H/[IFK).
53. Anamni3 HamiHHOCTI pO3PAaXyHKOBHX MOJETCH MiACHICHNX 3THHATBHIX
3211300 TOHHHX CJICMCHTIB.
Onexciu Ilocmepnak, acucmenm xagpedpu 3ani300emMOHHUX MA KAM STHUX KOHCMPYKYIl,
(KHYFBA),
Muxaiino Ilocmepnak, ooyenm ragheopu 3ani306emMOHHUX MA KAM SIHUX KOHCMPYKYIL,
(KHYEA).
54.MoxJMBOCTI BUKOPUCTAHHS TEXHOJIOTIT THEBMAaTHYHOI ONAIYOKH y CydacHOMY
OymiBHUITBI
Januin Ilpokonenko, acnipanm xagedpu dyoieenvrux mexnonoziu, (KHYBA),
TI'anna Illnaxoea, 0okm.exon.nayk, npogecop kagheopu oyoisenvnux mexuonoeit, (KHYBA).
55. YucnoBe MOJICIIOBaHHS HAMPYKEHO-1e(hOPMOBAHOTO CTAHY CKIISTHUX
0araTolapoBUX IUIUT y TIpOrpami Ansys
Tapac Ocaduyk, k.m.H., 6.0. Ooyenma Kageopu O6yoigenvHux KoHcmpykyit, (JIHY
semepunapnoi meouyunu ma Giomexnonoziii imeni C.3. Icuybkozo);
BOpiin @amynak, x.m.u., ooyenm, 3agidyeau Kagedpu mexHono2ii ma opeanizayii
oyoisnuymsa, (JIHY semepunaproi meouyunu ma biomexnonoziii imeni C.3. Inicuybkozo);
Anopin Masypak, k.m.H., doyenm, 6.0. npogecopa kapedpu mexnonozii ma opeauizayii
oyoisnuymsa, (JIHY eemepunapnoi meduyunu ma iomexnonoziii imeni C.3. Iicuybkozo);
56. BuripoOyBaHHs 321113006 TOHHUX KOHCTPYKIIiH IMOIIKOHKEHUX ITi]] Yac MOXKexKi
Onexcandp Inimin, kano. mexu. Hayk, Ooyewm Kagheopu memanesux i Oepes siHUX
rkoncmpyryiil, (KHYBA),

Onez Convko, acnipanm xagpedpu memanesux i oepeg sinux koncmpykyii, (KHYBA),
Onexcin Kpasuenko, acnipanm xagedpu memanesux i oepes sanux koncmpykyiti, (KHYBA).
57.IlincuneHns 30ipHUX 3a11300€TOHHUX KPYTJIOMOPOKHUCTUX TIUT MEPEKPUTTS IPU
nepeobaiHaAHHI TiABATbHUX TPUMIIICHD ICHYIOUMX HUBIUIBHUX OyAiBEIb B MPUMIIICHHS

MOABIHHOTO TIPU3HAYCHHS
Anna Aszizoea, acnipanmra 6yoieHuymea ma yuginbhol indcenepii, (HY “Ilonmascvka
nonimexuixa imeni fOpis Konopamioxa”);
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Poman Cmpiok, acnipanm 6yodienuymea ma yugineroi indcenepii, (HY “Ilonmascvra
nonimexuixa imeni IOpia Konopamioxa”),;
Jmumpo Qeciii, Ph.D, cmapwuii euknadau OyoisHuymea ma yuginvuoi ingcenepii, (HY
“Ilonmascvka nonimexuika imeni FOpis Konopamioka”).
58.3a0e3neyeHHs ICKTPOKUBIICHHS 00’ €KTIB CIICLiaIbHOTO TIPU3HAYCHHS
Hamanin Bypoeiina, 0oxmop mexuiunux Hayk, ooyenm, npogecop kagpedpu Gisuxu,
(KHYbBA);
Apocnae MMionicnuii, acnipanm kaghedpu mexnono2ii 3axucmy HA8KOIUUHbO20 CepedosUYa
ma oxoponu npayi, (KHYFA;)
JImumpo Ocaouuit, acnipanm kagedpu mexHono2it 3axucmy HaKOIUUHLO20 CepedosuLyd
ma oxoponu npayi, (KHYFA).
59.3aco6u HOpMadmizanii hi3NIHUX YHHHHUKIB CEPETOBHIIA CXOBHUII IIMBIIHHOTO 3aXUCTY
Ana Bipyk, ookmop ¢hinocoii, doyenm, doyenm xageopu ¢izuxu, (KHYBA),
Anopin Knumuyk, acnipanm kageopu mexHonoziil 3axucny Ha8KOIUWHbO20 Cepedosuyd
ma oxoponu npayi, (KHYbA);
Apocnae Ianonwvko, acnipanm xaghedpu mexHonr02itl 3axXuUcmy HABKOTUUHbO20 CepPed0sUnld
ma oxoponu npayi, (KHYBA).
60.Yucnosi gociimKeHHs (IaHLIEeBUX By3IIiB (epM 3 MOMEPeIHIM HaPYyKEHHIM
€ezen Llwonun, cmapwuii euxiaday ragedpu memanesux i Oepes siHUX KOHCMPYKYIll,
(KHYBA)
61.1IpyHIMNM YIPABIiHHS TEIUIOBUM 0allaHCOM 3 BUKOPUCTaHHIM IpadoaHaliTHIHUX
Mozenei OyniBenb CHeliaabHOro MPU3HAYCHHS
Cepeiit Koscedyo, kano. mexH. Hayk, Ooyewm Kagheopu apXimeKmypHux KOHCMPYKYil,
(KHYbBA);
Iaeno Tucnenko, KaHoO. mexH. HayK, OOKMOPAHM Kaeopu apXimeKmypHUx KOHCMpYKyii,
(KHYbBA);
Isan Cadosenuuuii, 3006ysau nepuiozo (6axanagpcvkozo) pisns euwgoi ocgimu, (KHYBA).
62. AHaniTHuHe MOPIBHAHHSA IUIOCKOT Ta 00’ €MHOI MOJIesIiel P po3paxyHKy aedopmMartii
it y JIIPA-CAIIP
3inogin bnixapcekuii, ookm. mexu. nayk, npogecop kagedpu BKM, (HY «Jlvsiscora
nonimexHikay);
Muxaiino Isaneiiko, acnipanm xagheopu BKM, (HY «JIvsiécbra nonimexuixay).
63. lehopmartiifHi XapaKTepUCTUKH 3aJi300€TOHHUX KOHCTPYKINH 3BHUCOKOMIII-
HOT'O OETOHY.
Onena Mensuuuyk, acucmenm xageopu 6yoisnuymea, (4HY im. IOpisa @edvkosuya)
64. BiTHOBIIEHHS eKCIUTyaTaliifHOT MPUIATHOCT] BEIMKOMAaHEIbHUX Oy IHHKIB,
TOIIKO/DKCHUX BHACITIIOK BOEHHUX JTi
Bikmop Kapasan, xano. mexu. Hayk, Oooyenm Kageopu npoMUCI08020, YUBLILHO2O
6yoienuymea ma iHxceneprux cnopyo, (HYBI'TI)
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Maxkcum Jlasapenko, acnipanm kageopu NpOMUCIOB020, YUBITbHO20 OYOieHUYmMea ma
inoicenepnux cnopyo, (HYBI'TI)
65. Peakilist CTaseBoOro pe3epByapa Ha BILTHB IMITYJIbCHOTO HABAHTAXECHHS
Onekcandp Inimin, xano. mexH. Hayk, Ooyewm Kageopu Mmemanesux i Oepes siHUX
xkoncmpyxyiu, (KHYBA);
Cepeiii Padeybkuii, acnipanm xagedpu memanesux i oepesanux koncmpyxyiil, (KHYBA).
66. TIporo3utiii 10 HOpMyBaHHS BUOYXOBHX HABAHTAXKEHb Y BIAMOBIIHOCTI 3 YHHHIUMHU
HOPMaMH ITPOCKTYBAHHS 3aXUCHUX CIIOPYL
Tanam A3i308, doxm. mexu. HaAyYK, 3a6i0y8ay Kageopu MexHiKo-mexHoN02IUHUX OUCYUNIIIH,
(VAITY im. Maena Tuuunu);
JImumpo Koukapvos, ooxm. mexn. nayk, sasioysau xagheopu micbkoeo 0yOieHuymea ma
eocnooapcmea; (HYBI'TI).
67.IIpobnemu amanTariii HOpMAaTUBIB TPYAOBUTPAT B YMOBAX Cy4acHOCTI
Bacune /lonenko, ookm. mexn. nayx, npogecop xageopu byoisnuymea, ypoanicmuxu ma
npocmoposoeo naanyeanns, Cxionoyxkpaincoxuii HY imeni Bonooumupa Jana;
Hmumpo Ieanenxo, acnipanm xagedpu byodigenvrnozo eupobnuymea ma ynpasninms
npoekmamu, HY «3anopisvra nonimexunixay;
Cepeii Lllepouna, cmyoenm epynu bA/[-122, HY «3anopiszbka nonimexuikay.
68. TIpoexTyBaHHS 3aXUCHOI CIIOPY/IH 00'€KTY eHepreTHUHOI 1HPPaCTPYKTYpH.
Iniac [lamnami, acnipanm xagpedpu onopy mamepianis, (KHYBA),
Jrwomuna I'puzop’esa, kano.gp.-m.nayx, doyenm xageopu onopy mamepianis, (KHYEA).

CEKIIA 2
«CYYACHI BY/J[IBEJIbHI MATEPIAJIH»

HpueanaTuch 10 koHdepeHnii
14 TpaBus 2025 p.

14:00 — CekuiiiHe 3acifaHHs
Tpusajicts BucTYHmiB - 10 10 XB.

1.MoxumBocri SikaCarboDur Software npu po3paxyHKax MOCHICHD Oy1iBeTbHUX
KOHCTPYKIIIi
Onexcanop Ilanuenxo, xano.mexmu.nayx, ooyenm kagheopu 3ani300emoHHUX MAd KaM SHUX
xoncmpyryiil, (KHYBA),
KOpiit Cobko, xano.mexu.nayk, ooyenm xageopu Aemomobinenux oopie ma mocmis, (HY
«/IvgiscoKa nonimexuikay).
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2. KoMrutekcHUH miaxiz 10 BHOOPY CKiIaay OETOHY IS HaJ3eMHHUX KOHCTPYKIIH OYMCHIX
CIIOpYJL
Onexcin Kabyco, kxano. mexu. Hayk, 0oyenm Kageopu mamepiaio3nascmea ma iHdcenepii
xomnozumnux koncmpyxyii, (XHYMI');
Anamoniti CinaKin, KaHO. mexH. HAYK, 00yeHm Kagheopu Mamepiaio3Hascmed ma iHxiceHepii
Komnozumnux koncmpyxkyii, (XHYMT).

3. JlocnipkeHHs BIUIMBY A€(EKTHOCTI CTPYKTYPH PELUPKYILOBAHOTO 3alI0BHIOBAaYa Ha
CTaH KOHTAaKTHOI 30HU B CTPYKTYpi OETOHY
Bikmopia 3o03yauneyn, Oooxm. inoc., cmapwuii Haykosuil cnigpobimunux Haykoeo-
00CiOH020 THemumymy 6 sicyuux pewogun i mamepianie, (HI 6 soicyuux pewosun i
mamepianis);
Onexcandp Koesanvuyk, xano. mexu. HAYK, CM. HAYK. CHiBpoO, Npopekmop 3 HAYKO8OI
pobomu ma innogayitinoeo pozeumky, (KHYBA);
Poman Pazymos, acnipanm xagpeopu TBKB, (KHYEA).

4.Cuctema inreprosanoi i3ossuii SIKAPROOF, sk pimeHHs Ui 10JOBXKEHHOTO CTPOKY
eKCIUTyaTalil CreiabHUX CIOpPY/T
Cep:iii Cneyp, kepisnux nanpamxy «Bionoenennus» (TOB CIKA YKPAIHA);
Apmem 3axapos, xepisnux nanpamxy «Iiopoisonayis» (TOB CIKA YKPAIHA );
Onexcanop Ilanuenxo, kano.mexu.nayk, ooyeHm kagheopu 3ani300emoHHUX Ma KAM SIHUX
xoncmpyxyiti, (KHYBA, TOB CIKA YKPAIHA ).

5.EdexTuBHICTS MiHEpAIBEHUX 100aBOK Y cyMimax npuaatHux ast 3D npyky
Bimaniii Mapuyk, x.m.n., Ooyenm Kagheopu mexnonozii Oyoieenvnux 6upobie ma
mamepianosnascmea, (HYBITI),
Jeonio Jleopkin, 0.m.H., npogecop kagedpu mexnono2ii 0yodisenvHux 6upobie ma
mamepianosnascmea, (HYBITI);
Pycnan Maxapenko, x.m.n., npogecop xageopu npomucioozo, yuginbHo2o 0yoisHuymsa
ma iHoceneprux cnopyo, (HYBITI).

6. BuxopuctanHs JIOKCHIy TUTaHY JUIsl MiJABUIIEHHS COPOLIHHOI 31aTHOCTI OETOHIB
Ieop Ilanyu, acnipaum, (KHYHA),
Onekcandp Koeanvuyk, KanO. mexH. HAYK, CM. HAYK. CHiBPODO, NPOpeKmop 3 HAYKOBOI
pobomu ma innogayitinozo pozeumxy (KHYFA.)

7.3abe3ne4eH sl miIBUILIEHOT MIIIHOCTI CIIOPY/IH TIPH BiTHOBJICHHI 3pyHHOBaHUX Oy/liBEIb
Hamanin Amenina, xano. mexu. uayk, ooyenm Kageopu mexnonocii 0yodieenvhux
rkoncmpykyitl i eupobis, (KHYBA);
Anina FOwenko, 3000ysauxa, (KHYHA).

8.Kinernka Habopy MIITHOCTI IITAKOTIOPTIIAHAIIEMEHTIB 3 JOAaBaHHIM MOAN(IKOBAaHUX
BIJIXO/IIB
Okcana Beponuk, xaHo. mexH. Hayk, OoyeHm Kapedpu mexHonocii 0OyodiseibHuUx
KoHcmpykyiil i eupobie (KHYFA),
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Onexcin Llanko, kano. mexu. Hayx, cmapuiuil O0CHIOHUK Kagedpu 6YOigeibHUX Mamepianie
(KHYEA),
Cepeiit Buzoscvkuit, acnipanm xagedpu mexnonocii 6yoieenbHux KOHCmpyKyiti i eupoois,
(KHYEA).

9. Y napHO-3axXHCHI XapaKTePUCTUKU PEaKI[IiHO-TIOPOIIKOBHX OSTOHIB HA OCHOBI JIY)KHO-
AKTMBOBAHMX IIIAKOIIOPTIIAALEMEHTIB
Bonooumup T'oy, Ooxm. mexn. uayk., npogpecop kagedpu mexnonoecii 0OyodieenbHux
KkoHcmpykyitl ma eupobis, (KHYbA);

Onexcanop Ienesepa, rxamo. mexn. nayk, Odoyenm ragedpu mexnonozii OyoieenbHux
KoHcmpykyitl ma eupobis, (KHYBA);

Andpiii  Pazcamakin, acnipanm xagedpu mexnonocii 0yoieenvHux KoHCmMpyKyiti ma
supop6is, (KHYFA).

10. EpexTUBHICTh BUKOPUCTAHHS BiIXO/IIB PEIUKIIIHTY B CKJIaIi OSTOHIB ISl AU THBHUX
TEXHOJIOT1i OyNiBHUIITBA
Oneco Jlacmieka, Kano. mexH. HAYK, O0YeHm Kapedpu mexnono2ii 6y0ieebHUX KOHCMPYKYIll
i supobis, (KHYBA);

Apmem Cmocniit, acnipanm kagedpu exHonocii 6yodieenvHux KOHCmMpyKyiu i eupodie
(KHYBA)

11. KapocTifiki JTy)KHO-aKTHBOBaHI MOPTIAHILIEMEHTH CHCTEMHU «IIOPTIAHIIEMEHT —
HATpi€BE PiIKe CKIIO»

Onexcanop KoncmanmunoecoKkuil, Kamo. mexu. HAVK, OOYeHm Kageopu mexHonozii
byoisenvHux KoHcmpykyiti i upoois, (KHYBA, H/II 6 aocyuux pewosun i mamepianis);
Apmem Kosanvuyk, acucmenm ooyenm kaghedpu mexHonoeii 6y0ieenoHux KOHCMPYKYiil i
supobis, (KHYFA, H/JI 6 sixcyuux pewosun i mamepianis);

Bnaoucnae Onamiii, acnipanm doyenm Kagedpu mexnono2ii 6yoieenbHux KOHCmMpYKyitl i
supobie, (KHYBA, HJII 6 soicyuux pewosun i mamepiania).

12. ByniBenpHi po3unHHM 1 OSTOHM Ha BiAX0JaX 3 BUKOPUCTAHHIM BiOpaliiiHOTO BaKyyMy
Temsana /lexma, xano. mexu. Hayk, doyenm xageopu mexnonozii 6y0igeibHux mamepiaiis,
supobie ma xoncmpykyiti, (VIVHT, HHI IT/[AbA);

Cepeiti Bonoapenko, xano. mexn. Hayk, oOoyenm Kagheopu mexHonozii 0OyoienbHux
mamepianie, supodie ma xoncmpykyiti, (VAVHT, HHI IT/[ABA);

Ceéimnana Bacunenko, acucmenm xageopu mexnonocii 6yoigenbHux mamepianis, 6upooie
ma koucmpyxyii, (YAVHT, HHI [T]JAFA).

13. BukopucTaHHs MOJIIUCIIEPCHUX MIHEPATbHUX KOMIIOHEHTIB JJIsl OJIIMIICHHS
CKCILTyaTaliifHuX BIACTHBOCTEH JIPIOHOMITYYHUX BIOPOIIPECOBAHUX BUPOOIB
Anna Maicmpenko, xano. mexw. Hayk, Ooyenm Kageopu mexHono2i 0yodieeibHux
Koncmpykyiil i eupo6is, (KHYBA),

Oxcana Beponuk, xamo. mexH. Hayk, OoyeHm Kageopu mexHonozii 0OyodisenrbHux
xkoHcmpykyitl i eupobis, (KHYBA);
Apmem 3axapos, acnipanm mexnonocii 6yoigenvHux koncmpykyiti i supodis, (KHYBA).
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14. daxTopu, SKi BIUIMBAIOTH Ha KOJIp BIOPONPECOBAHUX OETOHHUX TPOTYapHUX IUIHT
€Eszenia Ilempukoea, kamo. mexH. HAyK, OoyeHm Kageopu mexHono2ii 0yoieenbHUX
Koncmpykyiu i éupoois, (KHYBA),

Anna Maiicmpenko, Kkano. exu. Hayk, Ooyenm Kagheopu mexHonozii OyoieenbHux
Kxoncmpykyitl i eupobis, (KHYBA);
Anopiii Illyopenko, 3006ysau, (KHYFA).

15. Bumoru 10 BUpoOiB 3 KaM’siHOT BaTH JIsl PI3HUX TEIUIOI30JIALIHHUX PIllICHb
leop JKenesusx, acnipanm ragheopu Texnonozii Oyoieenvhux KoHCmMpyKyiil i 6upooie
(KHYBA).

CEKIIA 3
IMAHEJIBHA JHCKYCIA: «KOMIT'FOTEPHE MOJIEJTIOBAHHS
KOHCTPYKIIH BY/{IBEJIb I CITOPY/] CHEL[IA/TEHOT' O
IPH3HAYEHH»

Ipuennaruckb 10 koHdepeHmii

15 TpaBus 2025 p.

10:00 — 15.00 — Cekuiiine 3acigaHis

1.MopentoBaHHs 3MiHHM HaIlpyXeHO-1e(OpMOBaHOIO CTaHY KOHCTPYKLiil IPOTATroM
JKUTTEBOTO LUKITY B IporpaMHomy 3a0e3nedenni LIRA-FEM
Mapis Bapabaw, ooxkm. mexn. Hayk, npoghecop Kaghedpu Komn lOMepHUX MmMexHoa02il
oyoisnuymea, ({11 “Kuiscoxuii asiayitinuii incmumym”; TOB “JIIPA CAIIP”).

2.Po3paxyHOK Oy/iBJIi Ha BIUTUB MOBITPSIHOT yAapHOI XBHIIL
Mapuna Pomawkina, kano. mexu. nayx, (TOB “JIIPA CAIIP”).

3.0miHKa MeXi BOTHECTIMKOCTI CTaleBUX KOHCTPYKIii 3 Bukopuctanusm LIRA-FEM
Onexcin bawuncokuit, ookmop ¢inocoghii (PhD), gpaxiseyv CAIIP, (KHYBA, TOB “JIIPA
CAIIP”).

4.TlepeBipka 3a1i300eTOHHIX KOHCTPYKIIii 3a gomomororo cucremu «Excrnepruza 35K»

y LIRA-CAD Ta LIRA-FEM

Anopiii  Tomawescvkuil, indicenep-npoepamicm, acucmenm Kageopu Komn romepHux

mexnonoeii oyoienuymea, (TOB “JIIPA CAIIP”).
5.0minka cTifKOCTI 3aXMCHOI KOHCTPYKLIl aHrapa Ipud BHOYXOBUX BIUIMBaxX 3
Bukopucrassam LIRA-FEM
Innsn Bapmin, acnipanm xapeopu KTB, (TOB “JIIPA CAIIP”).
6.1lpaxktuunuii nocsin Bukopucranus LIRA-FEM ta LIRA-CAD
Onekcanop Jlazapes, nposionuil inscenep mexuiunoi niompumxu, (TOB “JIIPA CAIIP”).
7. MeroauKka OLIHKU MPOrPECyIOUOro pyiHyBaHHs KaPKAaCHO-MOHOJITHOT OyaiBIIi 3a
noromoroto pushdown i pulldown monemoBanns B [TK «LIRA-FEM»
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Mapis Bapabaw, ooxm. mexun. nayk, npogecop kagedpu KoOMN'tomepHUx mexHono2ii
oyoisnuymea, oupexmop (A1 “Kuiscoxuii asiayitinuti incmumym”; TOB “JIIPA CAIIP”).
Anopiii Tumowenxo, acnipanm kageopu xomn'romepnux mexnonozii 0yoisnuymea, (/11
“Kuiscokuil asiayitinuti incmumym”).

8.IIpuHINIIOBI MUTaHHS PO3PAXYHKY KOHCTPYKIIH 3 ypaXyBaHHSAM IUIACTUYHOCTI
Anamoniu Ilepenvmymep, ooxm. mexn. Hayx., c.H.c., (TOB SCAD Soft ).

9. JTo po3paxyHKy CTEPKHbOBHX CUCTEM 3 YpaxyBaHHIM JeTUIaHAIli it
Anamoniii Ilepenvmymep’, ooxm. mexn. nayx, c.n.c., (TOB SCAD Soft);
Bimanina KOpuenxo®!, doxm. mexn. nayx, npoghecop kagpeopu memanesux i depes aHux
xoncmpyxyiu, (KHYBA, TOB SCAD Sofi ).

10.Po3paxyHOK Ha BOTHECTIHKICTb 3a1i300€TOHHHUX Ta MeTajeBuX KoHcTpykuiit y SCAD
Office
Jeonio Cropyk, kano. mexn. nayk., doyenm kagheopu 3ani300emoHHUX ma Kam sHux
rxonempyxyitl, (KHYBA, (TOB SCAD Soft ).

11. Anani3 pe3ynbTaTiB HATYpHUX BHIIPOOYBaHb 3113006 TOHHUX MOHOJITHUX TUTUT
MEPEKPHUTTIB Ta YUCEILHOTO MOJICITIOBAHHS
JImumpo Axywes, kano. mexn. nayx., c.n.c. H4, (OJAFA.)

12.TIK JIIPA 10. Po3paxyHKOBI MOKJIHIBOCTI
Icaax €63epos, Ooxm. mexw. HAYK, c.H.c, oupexmop, (I pyna komnaniti JIIPA )

13. TurerpoBani pimeHHs s npoekryBanbHuka: [IK JIIPA 10 y npaktuii cy4acHOro
CAE
Bnaoucnae Kupuuok, inoicenep, (I'pyna komnaniti JIIPA )
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TE3U JOMOBIJEN

CEKIIIS 1
«ByoieenvHi KOHCMPYKUIi ma mexHonozii»
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Icropuunuii orssa poprudikauiiiHux i 3aXUCHUX COPY

Henuc Muxaiinoecokuit, 00km. mexu. Hayk, npogecop Kagheopu memanesux ma oepes sHux
rkoncmpyryiti, https://orcid.org/0000-0003-3151-8630

Kuiscokuil nayionanenuil ynieepcumem oyoienuymea i apximexmypu (m.Kuig)

Merta gociiKeHHs — iCTOpUYHUIA orist] popTH]IKALIHHNX 1 3aXUCHUX CIIOPY/L BiJl CTapOIaBHIX
9aciB 1 O HANIOrO 4Yacy. AHal3 3arpo3, YCBIIOMIICHHS HAIpsMiB PO3BHTKY (oprHikamiiHuX i
3aXHCHUX CIOpPYZA HPH HOBOMY iX OYAIBHUITBI 3 METOI iX YHOCKOHAJICHHSA Ta BIIPOBAIKCHHS
HalOUIBII e(EKTUBHUX PIllleHb, SIKIi MOXXYTh CYTTEBO BiIDI3HATUCH M PI3HOMAHITHHX 3a1ad Ta
perioHiB.

IToBHOMacmiTabHe BTOprHeHHs pd B VYKpaiHy POACMOHCTPYBAIO BaXXJIMBE 3HAYCHHS
IHXKEHEPHUX YKPIILUICHb, 3aXUCHHUX CIIOPY TOLIO B 3arabHill cucreMi crifikocti nepxasu. CydacHa
BiliHa MPUBHECIIA HOBI 3arPO3H 1 BUKJIMKH, SIKI CYTTEBO BIUIMBAIOTH Ha IM0JIe 000, 3aXUCT KPUTHIHOL
iHQPACTPyKTypH 1 HaceleHHs B THJIOBMX paioHaX, B TOMY 4YHCIi 1 Ha OCOOJMBOCTI 3BEJECHHS
IHKeHepHUX (opTU(IKAIIHHIX Ta 3aXHUCHUX CIIOPY L.

JocnimkenHs icTopii 3BeeHHs GopTU(IKALIMHUX 1 3aXHUCHUX CHOPY/ 3 CTapOJaBHIX 4aciB i J10
CBHOTOJCHHS JI03BOJISE IPOCTEKHUTH, SK 3MIHIOBAIHCS IIIXOMH IO OOOPOHHOTO OyIIBHHITBA B
3aJISKHOCTI BiJl aKTyaJIbHHUX 3arPO3 BOCHHOTO XapaKTepy, L0 B CBOIO YEPry 03BOJISIE IPOTHO3YBATH
HAIpsAMH UL IOJAIBIIOr0 IXHBOTO PO3BUTKY 1 BIOCKOHaNEHHS. [IpoBeieHNI OTTIA Ja€ MOXIIUBICTh
3pO3YMITH, HACKUIbKH BaXIMBUM € LI HAMPSIM BOEHHOI HAyKH 1 HACKUIBKH Hapa3si BiH moTpedye
Cepi03HOTO MiXO0Y SIK 3 O0KY BICHKOBHUX, TaK 1 3 MO3HMIIT Ep>KaBH B ILIIOMY.

Amnaniz HOBHX cydacHUX (opTH]IKAliiHUX pilleHb, iX epEeKTHBHOCTI Ta CIA0KUX MIClb €
HEOOXITHMUM JUIsl MiJBUIICHHS OOOPOHO3JATHOCTI KpaiHM B YMOBaX HasBHOI HOCTIHHOI 3arpo3u
Hamasxy.

BaxmBuM € 1 O MiIXOiB 10 3aXUCTy IMBUIBHOTO HACEIEHHsS BiJ 3aCO0IB MOBITPSHOTO
Harajay MPOTHBHUKA BiJ 4aciB JAPYroi CBITOBOI BIHM i O CHOTOJICHHS 3 BU3HAYCHHSM HAIpsIMiB
MOTATIBIIIOTO PO3BHUTKY 1 YAOCKOHAJICHHS MMiXO/IB [I0/I0 iX PO3PaXyHKY 1 3BEICHHSI.

VY cydacHuX ymoBax BiiiHu B YKpaiHi ¢oprudikaiiiini, Criopyan iH)KeHEpHOro 3aXHCTy 1 3aXHCHI
CIIOPYIHX BifirparoTh KJIFOYOBY POJIb y CTBOPEHHI JIiHiM 000pOHHM, 3aXHCTi BifiCbKOBUX Ta 00’€KTIB
KPUTHYHOI iIHPPACTPYyKTYypH, 30€peKeHHI )KUTTIB [IUBIJIBHOTO HACEIICHHSI.

Jlo 3BeztenHs oprudikanifiHUX i 3aXMCHUX CHOPYJ| 3aBKAU CIIiJl 3aCTOCOBYBATH IHTEIPOBaHUM
KOMIUICKCHUH MiJXiJ, SIKMH TOBMHEH BPaxOBYBAaTH HAHOUIBbLI MPUTaMaHHI 3aCO0M YpayKeHHs JUIS
KOHKPETHOI TJIMOMHU BiJ JiHii 00HOBOro 3iTKHEHHS, a TAKOXX CydacHi 3acoOu i MOBIpHI (akTopu
YPAXKCHHS Ta IPOTUJIT HUM.

Hapasi icuye morpeba 3miHuM mifxomiB 10 1oOymoBu (opTudikamiiHux cropya i Ha JiHil
00IOBOTO 3ITKHEHHS 3 ypaXyBaHHSAM IOCBiLy BEACHHS OOMOBHX Hiif, a TAKOXK CTBOPCHHS HOBOTO
HampsiMy BIHCBKOBO-IH)KCHEPHOI HAyKH, sika O TIOYMHAJIach BIiJ PO3POOKH apXiTEeKTypH
doprudikanifiHuX 1 3aXMCHHUX CIOpYJ i BpaxoByBaja (hakTopy He JHIIE TEeXHOJOTIYHOCTI i
BUKOHAHHA 0a30BUX 3aBIaHb, ajl€ i 3PYYHOCTI 3aCTOCYBaHHS 3 ypaXyBaHHAM BCiX HasBHUX
TEXHOJIOTTYHUX OCOOJIMBOCTEH Ta CydyacHUX 3arpos3.

Po3Butok Teopii 3BeneHHs (opTUdIKAMIMHUX 1 3aXUCHUX CHOPYJ CHPHATHME 3MILHEHHIO
00OpOHM JepKaBH, aJanTailii J0 HOBHX 3arpo3, MiABHIICHHIO OE3MeKH HaceleHHsS i 00’€KTiB
KPUTUYHOI iH(paCTPyKTypH.

1. Mykhailovskyi D.V., Skliarov I.O., Khomik M.M., Vavilova N.V., Skliarova T.S. Analysis of methods for calculating
the penetrating effect of the main types of missiles and fragmentation damage to the structures of protective
constructions / Strength of materials and theory of structures: scientific and technical collection - Kyiv: KNUCA, 2024.
-Issue 113. - P. 171-182. doi: 10.32347/2410-2547.2024.113.171-182.

2. Muxaitnosewkuii 1. B., bimik A. C., Cxsipos L. O. Po3paxyHok KOHCTPYKIIiii Oy/1iBelb i criopy/| Ha [iii OCHOBHHX
(axTopiB ypakeHHs 3ac00iB MOBITpsiHOTO Hanagy: Monorpadis / Muxaiinoscekuii /1. B., bimuk A. C., Cknapos 1. O.
Kuis: Kapaseia, 2024. - 92 c.
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Historical overview of fortifications and defensive structures

Denys Mykhailovskyi, doctor of technical sciences, Professor of the department of metal and
wooden structures, https://orcid.org/0000-0003-3151-8630

Kyiv National University of Construction and Architecture

The purpose of the study is a historical overview of fortification and defensive structures from
ancient times to the present day. Analysis of threats, awareness of the directions of development of
fortification and defensive structures during their new construction in order to improve them and
implement the most effective solutions, which may differ significantly for various tasks and regions.

The full-scale invasion of the Russian Federation into Ukraine demonstrated the important
importance of engineering fortifications, defensive structures, etc. in the overall system of state
stability. Modern war has brought new threats and challenges that significantly affect the battlefield,
the protection of critical infrastructure and the population in rear areas, including the features of the
construction of engineering fortification and defensive structures.

The study of the history of the construction of fortification and defensive structures from ancient
times to the present day allows us to trace how approaches to defensive construction have changed
depending on current threats of a military nature, which in turn allows us to predict directions for
their further development and improvement. The review provides an opportunity to understand how
important this area of military science is and how much it currently requires a serious approach from
both the military and the state as a whole.

Analysis of new modern fortification solutions, their effectiveness and weaknesses is necessary to
increase the country's defense capability in the face of a constant threat of attack.

Also important is a review of approaches to protecting the civilian population from enemy air
attack from the Second World War to the present day, with the identification of directions for further
development and improvement of approaches to their calculation and construction.

In the current conditions of war in Ukraine, fortifications, engineering defense structures and
protective structures play a key role in creating defense lines, protecting the military and critical
infrastructure, and preserving the lives of civilians.

An integrated comprehensive approach should always be applied to the construction of
fortifications and defensive structures, which should take into account the most typical means of
destruction for a specific depth from the line of combat contact, as well as modern means and probable
factors of destruction and counteraction to them.

Currently, there is a need to change approaches to the construction of fortifications and on the line
of combat contact, taking into account the experience of conducting combat operations, as well as the
creation of a new direction in military engineering science, which would begin with the development
of the architecture of fortifications and defensive structures and take into account factors not only
manufacturability and the performance of basic tasks, but also ease of use, taking into account all
existing technological features and modern threats.

The development of the theory of the construction of fortifications and defensive structures will
contribute to strengthening the state's defense, adaptation to new threats, and increasing the safety of
the population and critical infrastructure facilities.

1. Mykhailovskyi D.V., Skliarov 1.O., Khomik M.M., Vavilova N.V., Skliarova T.S. Analysis of methods for calculating
the penetrating effect of the main types of missiles and fragmentation damage to the structures of protective
constructions / Strength of materials and theory of structures: scientific and technical collection - Kyiv: KNUCA, 2024.
- Issue 113. - P. 171-182. doi: 10.32347/2410-2547.2024.113.171-182.

2. Mykhailovskyi D. V., Bilyk A. S., Sklyarov I. O. Calculation of building and structure structures for the effects of
the main factors of air attack damage: Monograph. Kyiv: Karavela, 2024. — 92 p
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OcBiTHBO-TIpO(eECiiiHy MaricTepchbKy mporpamy «OnTuMalibHEe MPOSKTYBaHHS, OyIIBHHUIITBO Ta
Oe3neyHa ekcrutyarauiss 00'eKTiB KPUTUUHOT iHPPACTPyKTypu» po3poOiIeHo y CHiBpOOITHUITBI 3
Hamionaneuum inctutytom crpareriyanx pocnimkens (HIC). Ha Buxonanns 3aBmanus Odicy
TIpesunenta YkpaiHM 3 TNHTaHHS OpraHizauii MiATOTOBKM (aXiBIiB 3 3aXHCTy KPUTUYHOL
inpactpykrypu (KI) B HICJ] Gysio crBopeny poOody rpyiy 3 HiI'OTOBKH Ta BIPOBAKEHHS
BIJIMOBIIHUX pOOOYMX Iporpam uist GaxiBIliB Pi3HUX HANPSIMKIB (LUBLIBHUIT 3aXKCT, KibepOe3meka,
MEHE/PKMEHT, apXiTeKTypa Oy 1iBHHIITBO).

3Ba)kar04ur Ha MacIITaOHICTh Ta PI3HOIIAHOBICTH OE3MEKOBUX 3aX0/IiB Ha BCIX CTA/IISAX KUTTEBOTO
LUKITY 00'€KTiB OyAiBHHUITBA, TUIIOJIOTIYHY PI3HOMAHITHICTb IIOHATTS «KPUTHYHA IHPPACTPYKTYpay,
a TaKOX HasIBHICTh B YHIBEPCHUTETI OpraHi3aliiiHIX MOXIIMBOCTEH (HOBOCTBOpEHa Kadeapa Cropy
CHELIabHOTO MPU3HAYCHHS, IMIArOTOBKa (haxiBIiB TEIUIOCHEPreTHYHOr0, TiJPOTEXHIYHOTO Ta
Ha(TOra3oBoro HampsMKiB), pododoro rpynoto HICJ[ Oyno miaTpuMaHO Ta CXBAJICHO IHII[IaTUBY
KHYBA 1moz0 3anouatkyBaHHs OKpeMoi creriaiizarii Ha 6a3i cnienianbaocTi 192 - Oy1iBHUITBO Ta
LUBUIbHA 1HXEHEPIsL.

OIIII, BHpoBamKeHHS AKOI IUIaHyeThcs 3 BepecHs 2025 poky, MICTHTh HACTYIHI IPEAMETHI
HanpsiMk# (000B’13KOBI KOMITOHEHTH ), 10 OXOIUTIOIOTH BCl etanu GyHKIioHyBaHHs 00'exTiB KI:

. ApXiTEeKTYpHO-KOHCTPYKTHBHA THIIOJIOTIS 00’ €KTiB KPUTUYHOI IHPPACTPYKTYPH.

. [InanyBanbHi Ta KOHCTpYKTUBHI piteHHs 00'ekTiB KI. Xapakrep BpazinuBocTeii.

. OnTumanbHe MpoeKTyBaHHS 00'€KTIB Ta CUCTEM 00'€KTIB KPUTUYHOT iHPPACTPYKTYPH.

. JlorictuyHi 3aa4i opraizamii KpUTHIHOI iHppacTpyKTypu. be3neuna noricTuka.

. BruuB crienuivHnx HaBaHTakeHb Ha KOHCTPYKIiT 00'ekTiB KI.

Mertou Ta TEXHOJIOTIi MaCKyBaHHs Ta CIeLiabHI cuctemMu 3axucty 00'extis KI.

. OpranizaniiHo-TexHiuHi acnekTu Oe3neynoi excrutyarauii 00'extiB KI.

. bBesnekoBi 3axoam Ha crajii CTBOPEHHS IPOCKTIB 00'€KTIB Ta CUCTEM O0'€KTIB KPUTHYHOI
indpacTpykTypu.

9. Cnenudika 3aXMCHUX 3aXO0/1iB 32 HANPSIMKaMH (ATOMHA, TEIUIOBA T I'IPOEHEPreTHKa, CIIOPY I
TPaHCIIOPTHOI iHPPACTPYKTypH, 00’ €KTH HAPTOra30B0i IPOMICIOBOCTI TOIIO).

10. Texuomnorii BIM-npoekryBantst 00'extiB KI (HanpsiMku Ta cTajii )KUTTEBOTO IHKITY).

11. Meroau Ta TeXHOJOrIT oOcTeeHHs Ta BigHOBJIEHHS 00'extiB KI, mikBigarfisi HaciaKiB
ypaxens KI.

12. TexHIKO-eKOHOMIUHHH aHaIi3 OE3MEKOBUX 3aX0/IiB Ta pe3yJbTaTiB ypakeHb 00'ekTiB KI.

KpiMm Toro, ckmax BHOIPKOBHX IUCHMIUIH C(HOPMOBAHO 3a IIPUHIMIOM THIIOJIOTI4HOT
KOHKpeTu3ailii 00'ekTiB. Lle 103BONUTH CTyIeHTaM - MPEJCTaBHUKAM MEBHUX PETIOHIB MOTIHOICHO
BUBUMTH CrIelU(iKy came THX 00'€KTIB, SIKi 3HAXOAATHCS Ha BIIMOBIIHUX TEPUTOPISX.

Chi OKpeMO 3a3HaYMTH CHCTEMHICTh MIAXOAY MIOJ0 CTBOPEHHS OpraHi3amiiHUX 3acai
(opmyBaHHS BIIIOBIAHOTO pPHHKY Tmpami. Y CKIAAi JepXKaaMiHICTpalid Ta KepiBHUITBI
TEPUTOpPIaNBHUX IPOMaJ nepeadadeHo BBeqeHHsI psity nocan ( rpyna 2490 Knacudikatopa npodeciit
JIK 003:2010) — HauanpHHUK CITyX0H 3 3aXUCTy KPUTUYHOI iHPaCTpyKTypH, excrept 3 3axucty KI,
AHAJIITHK 3 OLIHKM PU3MKIB, (axiBelb 3 3axucty Ta ctifikocti KI. s minTpumky QyHKIIOHYBaHHS
BIJIMOBIIHUX CIYy’)KO PEKOMEHIOBAHO TAKOX PO3POOUTH Ta BIPOBAJAUTH CHUCTEMY IMiBUIICHHS
kBamiikawii Ta cepTUdiKaliiHUX KypCiB Ui BUIE3a3HAaYeHUX (DaxiBIIiB.

1. Hauionansunii knacudikarop Ykpainu. Knacudikarop npodeciii K 003:2010/JepixcnoxuBcTangapt YKpainu,
2010. 256 c.
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Structure of the Master’s Program “Optimal Design, Construction, and Safe
Operation of Critical Infrastructure Facilities”

Vitaliy Plosky, Doctor of Technical Sciences, Professor, Head of the Department of
Architectural Structures, https://orcid.org/0000-0002-2632-8085

Volodymyr Skochko, Doctor of Technical Sciences, Professor, Head of the Department of
Special-Purpose Structures, https://orcid.org/0000-0002-1709-2621

Kyiv National University of Construction and Architecture (Kyiv, Ukraine)

The Educational and Professional Master’s Program “Optimal Design, Construction, and Safe
Operation of Critical Infrastructure Facilities” was developed in collaboration with the National
Institute for Strategic Studies (NISS). In order to fulfill the Office of the President of Ukraine’s
directive on organizing the training of specialists in critical infrastructure protection, NISS established
a working group to prepare and implement relevant curricula for specialists in civil protection,
cybersecurity, management, architecture, and construction.

Given the scope and diversity of safety measures required at all stages of a facility’s life cycle, the
typological variety of “critical infrastructure,” and the university’s organizational capabilities (a
newly established Department of Special-Purpose Structures and specialist training in thermal power,
hydraulic, and oil & gas engineering), NISS supported and approved KNUCA’s initiative to launch
a separate specialization within the Master’s degree program in Civil Engineering (Specialty 192).

The program, scheduled to begin in September 2025, includes the following core subject areas
(mandatory components) covering all phases of critical infrastructure facility operation:

1. Architectural and Structural Typology of Critical Infrastructure Facilities.

2. Planning and Structural Design Solutions for Critical Infrastructure: Vulnerability
Characteristics.

3. Optimal Design of Critical Infrastructure Facilities and Systems.

4. Logistics of Critical Infrastructure Organization: Safe Logistics.

5. Effects of Specialized Loads on Critical Infrastructure Structures.

6. Camouflage Methods and Special Protection Systems for Critical Infrastructure

7 .Organizational and Technical Aspects of Safe Operation of Critical Infrastructure

8. Safety Measures in the Project Development Stage of Critical Infrastructure Facilities and
Systems

9.Sector-Specific Protection Measures (nuclear, thermal and hydro power, transport
infrastructure, oil & gas facilities, etc.)

10. BIM Technologies for Critical Infrastructure Projecting (Lifecycle Phases and Directions).
11. Methods and Technologies for Inspection and Restoration of Critical Infrastructure,
Post-Incident Recovery.

12. Techno-Economic Analysis of Protection Measures and Damage Consequences for Critical
Infrastructure.

Additionally, the selection of elective courses is organized according to facility typologies,
allowing students from particular regions to study in depth the specific types of facilities present in
their territories.

A systematic approach has been taken to establish the organizational foundations for the
development of the corresponding labor market. New positions are proposed within state
administrations and local governments—such as Chief of Critical Infrastructure Protection Service,
Critical Infrastructure Protection Expert, Risk Assessment Analyst, and Critical Infrastructure
Resilience Specialist—to support these services. A system of continuing education and certification
courses for these specialists is also recommended.

1. National Classifier of Ukraine. Classifier of Professions DK 003:2010. Derzhspozhivstandard of Ukraine, 2010.
256 pp.
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MiuHicTh CTHCHYTHX 32J1i300€TOHHHMX eJIeMeHTIiB MPH HeNMpsIMOMY apMyBaHHi
3BapHHMHU CiTKAMH

HOniii Knimos, ooxm. mexu. nayk, npoghecop kageopu 3aniz06emoHHUx ma Kam siHux
rkoHempykyii, http://orcid.org/0000-0002-4275-7058

Kuiscokuti nayionansnuil ynisepcumem oyoienuymea i apximekmypu (m. Kuig)

Henpsime apMyBaHHS 3BapHUMH CITKaMU 3aCTOCOBYETBCS y 30HAX il 3HAYHUX 3YCHJIb CTHCKY, SIK
MIPaBUJIO MICIIEBOTO XapakKTepy, ¢ HeoOXiIHO IiJBHUICHHS MIITHOCTI GETOHY Ha OCHOBHX CTHCK.
Po3paxyHKOBHMM IUISIXOM TaKe ITiIBUIICHHS MILIHOCTI OETOHY, 3a3BHYail, BDaXOBY€ETHCS BBEICHHAM
Koedili€eHTiB, siKi Oy OTpUMaHi Ha OCHOBI €KCIIEPUMEHTAIBHUX JociikeHb [ 1 ]. YV Toit ke yac,
ICHYIOTh pealibHI MepeyMOBU MOOYJ0BH TEOPETHYHOTO MiJIXOAY 10 BU3HAUEHHS MILHOCTI OETOHY
3aJ1i3006€TOHHUX €JIEMEHTIB B 30HI HENpsSMOro apMyBaHHS 3BapHMMH CiTKaMH Ha IIiJCTaBi
BpaxXyBaHHS PEaTbHOr0 HAIPYKCHO-Ie(OPMOBAHOTO CTaHy OCTOHY.

MeTa HOCHIKEHHA — pPO3POOMTH TEOPETHYHHH METOJ PO3PaxyHKY MIIHOCTI CTHCHYTHX
3aJ11300€TOHHUX €JIEMEHTIB B 30HaX HEMPSIMOTO apMyBaHHS 3BAPHUMHU apMaTyPHUMH CITKAMH.

VY mpexacrapneniii poO0Ti HaBeICHUH METO/] BU3HAYCHHS TPAHUYHUX HAMPYXKEHb CTUCKY OCTOHY
[IPY CTHCKY B MICILISIX HEIIPSIMOT'O apMyBaHHS 3BApHUMHU CITKaMH, OCHOBAaHHIi Ha TEOPii MIaCTHYHOCTI
3anizoberony [ 1 ], y pamkax sikoi apMaTtypa CITOK PO3IVISIA€ThCS K BHYTPILIHS B SI3b, 1110 00OMEXYE
norepeuHi nedopmanii GETOHy HpH CTHUCKY | BHKIMKA€ BUHUKHCHHS PEAKTHBHUX CTHCKAIOUHX
HAIpy>XeHb Y O€TOHI, 10 AiI0Th B IUIOLIMHI CITOK. SIK HAciJOK, OETOH y Mexax po3TallyBaHHS
apMaTypHHX CITOK HEPeXOIUTh Bill HAPYKEHOTO CTaHY OCHOBOTO O TPhOXOCHOBOTO CTUCKY, IO i
00yMOBJIIOE MiJBHIICHHS HOro MIIHOCTI, @ pa30M 3 THM 1 MII[HOCTi BChOTO €IEMEHTY Y 30Hi il
CTHCKAI04OTo 3yCHIIS.

Buxosuu 3 3a3Ha4CHUX II€PEIyMOB, TCOPETHYHHM IIULIXOM OTPHMaHI PO3PaxXyHKOBI 3aJICKHOCTI
JUIsL BUSHAYCHHS TPaHMYHHUX HANPYXKEHb B OCTOHI B MICLSAX apMyBaHHS 3BapHUMH CITKaMH, SIKi
BPaxOBYIOTh IHTCHCHBHICTH HENPSIMOTO apMyBaHHs (JiaMeTp, KpPOK apMmarypu CIiTok 1 iX
pO3TalyBaHHsI [0 BUCOTI €JICMEHTY ), XapaKTePUCTHKH MIIIHOCTI OETOHY 1 BIAMOBITHOT apMaTypH.

Jlnst  mepeBipkd  po3poOJICHOTO  PO3PaxyHKOBOTO — amapary OyJid  TPOBEICHI  JIOKANbHI
EKCIICPUMEHTAIIbHI JIOCHI/DKCHHSI MIlTHOCTI 3a1i300€TOHHHUX €JIEMEHTIB 3 HENpsIMUM apMyBaHHIM
3BAPHUMHU CITKaMU. Y SKOCTI JIOCHIIHUX 3pa3KiB OyJu NpuiHsTI 6eToHHI pu3Mu nepepizom 150 x 150 mm
i moBxuHO 600 MM, apMOBaHi 3BapHUMH CITKaMH 3 IPOBOJOKH JiaMeTpoM 5 MM kiacy Bp-1
po3mipom 30x30 mm. Sk BapiifoBanuii (pakTop OyIa MPUIHATA IHTEHCHUBHICTH HEIPSIMOTO apMyBaHHS
y mexax 0,6...2,3%, sika jpocsirajacst 3a paxyHOK Pi3HOTO KPOKY MDK CITKaMM IO BHCOTI 3pa3ka.
Beboro Oyiio BUrotoBneHo ta BUNpoOyBaHO 3 cepii AOCHIIHUX 3pa3KiB, MO 3 3pa3KU-OJIU3HIOKH Y
cepii, a TaKOX CTAJIOHHI 3pasku 3 OeToHy VY mpoleci BHIPOOYBaHHS BH3HAYAIOCS TIPAHUYHE
HABAaHTAXKCHHA HAa 3pa3oK, BUMIPIOBAINCS IIO3JOBXKHI Ta IomepedHi nedopmamii, a TaKox
IPOBOJMBCS Bi3yaIbHUN OV 3pa3KiB HA HAsBHICTb TPIIIUH 1 BiJUIApOBYBAaHHS 3aXHCHOTO IIApy
OeroHy.

B pesynpraTi HOpiBHAHHA EKCHEPUMEHTAIBHUX 1 TEOPETHYHHX [aHMX BCTaHOBIICHO, IO
PO3pobIIeHNIT PO3PaXyHKOBHI METO/ BU3HAYECHHSI MILIHOCTI CTUCHYTHX 3113006 TOHHUX €JIEMEHTIB B
30HaX HENPSIMOrO apMyBaHHS 3BapHAMHU CiTKaMH Ma€ [OCTaTHBO BHCOKY TOYHICTB, TaK
CHIBBIJHOIICHHSA MDK PO3PaXyHKOBUM 1 JOCIIIHUM HABAaHTAXXCHHS IIPU PyHHYBaHHI CKIafao
0,87...1,06, i micisi MOAANbIIOi €KCIEepPUMEHTANbHOI ampobarii Moxke OyTH 3acTOCOBAHMI ISt
PO3paxyHKy KOHCTPYKIIiH.

1. EN 1992-1-1:2023 Eurocode 2 -Design of concrete structures — Part-1-1 General rules and rules for building?
Bridges and civil engineering structures, 402 p.

2. J. Klimov The calculation of reinforced construction strength based on theory of plasticity of reinforced concrete
Computational plasticity. Fundamentals and Applications, Part 2.- Barcelona, Spain, 1997, pp.1528-1530.
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Strength of compressed reinforced concrete elements with transverse
reinforcement of welded meshes

Yulii Klymov, doctor of technical sciences, professor of the Department of Reinforced
Concrete and Stone Structures, http://orcid.org/0000-0002-4275-7058

Kyiv National University of Construction and Architecture

Transverse reinforcement of welded mesh is used in areas of significant compressive forces,
usually of a local nature, where it is necessary to increase the strength of concrete in axial
compression. In a calculated way, such an increase in the strength of concrete is usually taken into
account by introducing coefficients that were obtained on the basis of experimental studies [1]. At
the same time, there are real prerequisites for building a theoretical approach to determining the
strength of concrete of reinforced concrete elements in the zone of transverse reinforcement with
welded meshes based on taking into account the real stress-strain state of concrete.

The purpose of the study is to develop a theoretical method for calculating the strength of
compressed reinforced concrete elements in areas of transverse reinforcement with welded
reinforcing mesh.

The presented work presents a method for determining the ultimate compressive stresses of
concrete during compression in places of transverse reinforcement with welded meshes, based on the
theory of plasticity of reinforced concrete [1], within the framework of which the mesh reinforcement
is considered as an internal bond that limits the transverse deformations of concrete during
compression and causes the emergence of reactive compressive stresses in concrete acting in the plane
of the meshes. As a result, the concrete within the location of the reinforcing meshes transitions from
a stressed state of axial to triaxial compression, which causes an increase in its strength, and at the
same time the strength of the entire element in the area of compressive force.

Based on the above-mentioned prerequisites, theoretical calculation relationships were obtained
for determining the ultimate stresses in concrete in places of transverse reinforcement with welded
meshes, which take into account the intensity of transverse reinforcement (diameter, mesh
reinforcement pitch and their location along the height of the element), the strength characteristics of
concrete and the corresponding reinforcement.

To verify the developed calculation apparatus, local experimental studies of the strength of
reinforced concrete elements with transverse reinforcement, called meshes, were carried out.
Concrete prisms with a cross section of 150 x 150 mm and a length of 600 mm, reinforced with
welded meshes made of wire with a diameter of 5 mm, class Br-1, size 30x30 mm, were taken as test
specimens. The intensity of indirect reinforcement within the range of 0.6...2.3% was taken as a
variable factor, which was achieved due to different spacing between the meshes along the height of
the specimen.

In total, 3 series of experimental specimens were manufactured and tested, 3 twin specimens in
each series, as well as reference specimens made of concrete. During the test, the ultimate load on the
sample was determined, longitudinal and transverse deformations were measured, and the samples
were visually inspected for cracks and peeling of the protective concrete cover.

As a result of comparing experimental and theoretical data, it was established that the developed
calculation method for determining the strength of compressed reinforced concrete elements in zones
of transverse reinforcement with welded meshes has a sufficiently high accuracy, so the ratio between
the calculated and experimental load at failure was 0.87...1.06, and after further experimental testing
can be used for structural design.

1. EN 1992-1-1:2023 Eurocode 2 -Design of concrete structures — Part-1-1 General rules and rules for building?
Bridges and civil engineering structures, 402 p.

2.J. Klimov The calculation of reinforced construction strength based on theory of plasticity of reinforced concrete
Computational plasticity. Fundamentals and Applications, Part 2.- Barcelona, Spain, 1997, pp.1528-1530.
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Oco0auBOCTI MiACHIEeHHA 3rHHAJLHHUX 3a/1i300€TOHHUX eJIeMEeHTIB 3
BHKOPHCTAHHSAM MONEPETHbO-HANPYKEeHOI KOMIIO3UTHOI apMaTypH

Anopii Bamoypa, ooxm. mexn. Hayk, npogecop kagheopu 3ani300emoHHUX MA KAM SIHUX
koHempykyiu, https://orcid.org/0000-0003-1402-3345

JImumpo Kypascokuii, acnipanm xagedpu 3ani306emonHux ma Kam sHux KOHCMpPYKYitl,
https://orcid.org/0000-0001-7065-3312

Kuiscorkutl HayionanbHuil yHisepcumem 0yoigHuymea i apximekmypu (m. Kuig)

3acTocyBaHHS KOMIIO3UTHUX MaTepiaiB JUIs MMiJICUICHHS 3TrHHAJIBHUX 3a11300€TOHHHUX EJIEMEHTIB
CTaN0 OJHMUM i3 HaMe(EKTHBHIMIMX IHKEHEPHHUX pIlIeHb B YMOBAaX PEKOHCTPYKIi, 301IbIICHHS
HaBaHTKCHb a00 YCYHEHHsI MOIIKOMKEHb. CHCTEMH MiJICHICHHS Ha OCHOBI BYTJICIIEBHX BOJOKOH
dipmu SIKA, 30kpema ctpiuku Sika CarboDur i Tkanuau SikaWrap, 3a0e3nedyroTh BUCOKY HeCydy
3J1aTHICTb, JKOPCTKICTh, TPILIMHOCTIMKICTh Ta JOBrOBIYHICTb KOHCTPYKIi [1].

Puc.1 — Komnosutni crpiuku Sika CarboDur Puc.2 — BramtyBaHHsi KOMIIO3UTHOT 30BHILIHBOT apMaTypH 3
30BHILLHIM IiICUIEHHSAM

VY 1OKyMeHTI peKOMEH/IOBAaHO BUKOPUCTOBYBATH 30BHIIIHE apMyBaHHS y BHIJLIII CTPIYOK abo
TKaHWH, SKi HAaKJICIOIOThCS Ha OCTOHHY MOBEPXHIO 3 JOTPUMAHHAM BiIIOBiAHOI TexHouoril. s
I/ICHJICHHS 3THHAIBHUX €JIEMEHTIB KPUTHYHO BXKJIMBUM € 3a0€3MeUeHHs CIIbHOI AedopMariiHol
po6OTH KOMITIO3UTHOTO Martepiainy Ta 6eToHHOT ocHOBU. Hecyuy 31aTHICTb IMiICHIICHUX KOHCTPYKIIiH
CJTiJ] OLIIHIOBATH 32 HENHINHOK 1e(OpMAIifHO MOJICIUTIO 3 YPaxXyBaHHSIM IPAaHUYHUX JehopMariii
Marepiaiis, BIUIUBY [ONEPEAHLOI0 HAIIPYKEHHs Ta reomMeTpil nepepisy [1, c. 13-20].

OcobnuBy yBary MNpHIUICHO 3a0€3MEYCHHI0 aHKEPHOTO 3aKpIlJICHHS apMyKYHUX CTPIUOK,
BPaxoOBYIOYH OIp 3CyBYy B 30HI KOHTAKTHOTO IIapy «OETOH-KJICH-KOMIIO3HT». 3aIlpOIIOHOBaHI
METOIHUKU PO3PaxXyHKy BKJIIOYAIOTh JBa CTAIN: BU3HAYCHHS HAIPY)KCHO-IC(OPMOBAHOTO CTAHY 10
IICHIICHHS Ta HOTO 3MIHM ITICIIsI IPUKJIaaHHsT KOMIIO3UTHOTO mincuieHns [1, c. 24].

[pakTuuHi npuKiIagy MOKa3yloTh, IO HigcwieHHs Oanok crpiukamu CarboDur M no3sossie
3HAYHO 301IBIIMTH HECydy 37aTHICTh (30kpema, 3 550 mo 750 kH-M) 3a paxyHOK BIIPOBaKEHHS
JIOZIATKOBHUX apMYyIOUYMX €JIEMEHTIB 3 MOJIyJIeM TpyxHocti 10 210 000 MITa [1, c. 23-25].

TakuM 4YMHOM, 3aCTOCYBaHHS MNOIEPEIHbO-HANPYKEHOT KOMIO3UTHOI apMaTypd Ha OCHOBI
marepianiB SIKA no3Bomnsie eeKTUBHO MiJCHIIOBATH 3TUHAIBHI CIEMCHTH IPH 30epexeHHi 1X
eKCIUTyaTaliiHOl HaJIHHOCTI Ta JOBrOBIYHOCTI.

1. bamOypa A., I'ypxiscbkwuii O., [loporosa O., Cazonosa I., Mipommuk T., [Tanuenko O., Co6xo 0. Pexomenparii
00 3aCTOCYBAHHS KOMIIO3UTHUX MatepianiB dipmu Sika mist migcuaeHHs 3a1i300eTOHHUX KOHCTpyKuUii. Kuis,
JITHAIBK, 2014. - 45 c.
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The use of composite materials for strengthening flexural reinforced concrete elements has become
one of the most effective engineering solutions in cases of reconstruction, increased loading, or
damage remediation. Strengthening systems based on carbon fibers developed by SIKA—particularly
Sika CarboDur strips and SikaWrap fabrics—provide high load-bearing capacity, stiffness, crack
resistance, and durability of structures [1].

Fig. 1 — Sika CarboDur composite strips Fig. 2 — Installation of composite external reinforcement with
external strengthening

The document recommends the use of external reinforcement in the form of strips or fabrics
bonded to the concrete surface following the appropriate application technology. Ensuring the
composite material and concrete substrate work together in deformation is critical for strengthening
flexural elements. The load-bearing capacity of strengthened structures should be evaluated using a
nonlinear deformation model that accounts for the ultimate deformations of materials, the influence
of pre-stressing, and the cross-sectional geometry [1, pp. 13-20].

Particular attention is paid to anchorage of reinforcing strips, taking into account shear resistance
in the “concrete—adhesive—composite” interface zone. The proposed calculation methodologies
involve two stages: determination of the stress—strain state prior to strengthening and its
transformation after the application of composite reinforcement [1, p. 24].

Practical examples demonstrate that strengthening beams with CarboDur M strips can significantly
increase load-bearing capacity (for example, from 550 to 750 kN-m) due to the implementation of
additional reinforcement elements with a modulus of elasticity of up to 210,000 MPa [1, pp. 23-25].

Thus, the use of pre-stressed composite reinforcement based on SIKA materials enables efficient
strengthening of flexural elements while maintaining their operational reliability and durability.

1. Bambura A., Hurkivskyi O., Dorohova O., Sazonova I., Miroshnyk T., Panchenko O., Sobko Yu. Recommendations
for the Use of Sika Composite Materials for Strengthening Reinforced Concrete Structures. Kyiv: SE NDI BK, 2014.
—45p.

29



V Misicnapoona naykoso —npakmuuna kongepenyis «byodieni ma cnopyou cneyianshno2o npusnaienis.:
‘cyuacni mamepianu ma KOHCMPYKyii»
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Kom6iHoBaHi CKJI0NIACTUKOBI e1eMeHTH, ApMOBaHI KOMIIO3UTHUMH CTPiYKaMHu

Onexcandp KypascvKuii, OOKm.mexu.nayx, npoghecop, 3a6ioyeay kageopu 3aniz06emoHHux
ma kam 'Auux konempykyii, https://orcid.org/0000-0001-7065-3312;

Onexcandp Ilosaricuwk, acnipanm rageopu 3a1i300eMOHHUX MA KAM SHUX KOHCMPYKYILL,
http://orcid.org/0000-0003- 0522-2174

Kuiscokuti nayionanvnuil yHigepcumem OyoieHuymea i apximekmypu (m. Kuig)

Mera fochipkeHHs — OTpUMATU JaHi Mpo poOOTY CKIIOIIACTHKOBHX €JIEMEHTIB, apMOBaHHUX
KOMITO3UTHHMHU CTpiYKaMu. I[IpOBECTH TEOPETHYHE MOCHIUKEHHS  MiACHICHHUX 30BHILIHBOIO
KOMIIO3UTHOIO apMaTyporo. BHKOpPHCTaHHsS CKIOIUIACTUKOBHX KOHCTPYKIIH € aJIbTCpHaTHBOIO
MeTaneBuM puc. 1 ta 2.

Puc.1. 3aransHmuii BUTJISA BUKOPUCTAHHSA CKIIOTUIACTHKOBUX Puc.2. Bi3yaJTBHC HOpiBHﬂHHﬂ CKJIOIJTACTUKOBOI'O Ta
KOHCTPYKILiit MeTaJIeBOr0 JIBOTaBpa

B cy4acHoMy OyIiBHUIITBI TIOCTAE MUTAHHS SIK MAKCUMAIIbHO 3HU3UTH BapTiCTh Oy/IIBHHUIITBA Ta B
M0/IaJIbILIOMY BapTiCTh €KCIUTyaTalii Oy iBii.

OcCKiJbKH KOMIO3UTHI MaTepialy MaioThb 4yAOBI BIACTUBOCTI, HUMHM MOXHA 3aMiHUTH IHIII
TpaJHIiliHi MaTepiay, TOMy IPHHHATO PO3BUBATH TEMY JOCIIIKCHHS KOMIO3UTHUX MaTepialiB Ta
301IBIIYBaTH KIIBKICTh Tay3el e € MOXKIUBICTh 3aCTOCOBYBATH JaHHUI MaTepial.

J10 OCHOBHUX IIepeBar CKJIOMIACTHKA BIIHOCATh: BUTPUMY€ HIUPOKUIT CIIEKTP XIMIYHUX PEYOBHH,
NPOTHCTOITh BIUIMBY BOJIOTM a00 3aHYpEeHHIO y BOAY; Bara MeHIIe craoi Ha 75%; Mae BHCOKY
JIETEeKTPUYHY 3/1aTHICTh; Ma€ HU3bKY TEIIONPOBIIHICTh; MEHIII BUTPAT HA BCTAHOBJICHHS, TEXHIYHE
00CIIyroByBaHHs, Ma€ TPUBANIIIIMIA IEPiOX BUKOPHCTAHHSL.

ToMy € HEOOXiOHICTh pO3MNIANATH LEeH Marepian sfK 3aMiHHMK METAJICBUX YH JEpeB’SHUX
KOHCTPYKILIiH. [IpoTe oqHNUM 3 HOro HEMOMIKIB € HeJOCTATHS MILHICTh HA PO3TAT TOMY, Ha JAHOMY
eTari TEOPETHYHOTO JOCHTI/DKEHHS MPUHHSITE PIlIeHHS PO3IJISHYTH, MIiJICUICHHS EJIEMCHTIB
30BHIIIHBOK KOMITIO3UTHO CTPIYKOI0, 3a3BUYall 3 BYIJICIIEBUX BOJIOKOH, HAKJICHOETHCS Ha HUKHII
nosic GaJk¥ 3 METO: 30UTBIICHHS HeCydol 3MaTHOCTI (ZOAATKOBO CIpHiMae pPO3TAryBalIbHI
3YCUILIA), iBUILEHHS )KOPCTKOCTI (3MEHILY€ IIPOTUHHU).

Ipu crinbHiit poOOTI HIKHIH MOsic GANKHU 3a3HA€ PO3TATHEHHS, B LIl 4ac KOMIIO3UTHA CTpidKa
Oepe Ha ceOe YacTHHY PO3TATYBAJIBHOTO 3yCHIUIS, 3aBIUSIKHM aresii, Ha KJICK YM CMOJI, CTpiuka
e(eKTHBHO IHTErpy€eTHCS B KOHCTPYKIIIIO 1 MPALIIOE SIK JOJAaTKOBE apMyBaHHs. Best cuctema npartioe
SIK KOMITO3UTHA KOHCTPYKIIis, JIe KOXKEH eJIeMEeHT Oepe yuacTh y 3araJisHOMY OIOpi.

1. Zhuravskyi, O., & Tymoshchuk, V. (2017). Po3paxyHOK IUIOCKHX 3aJ1i300€ TOHHUX I[UTHT, MTiICUIICHHX 30BHILIHBOIO
HapyKeHOIo apMartyporo. ByaiBenbui koncrpyxkuii. Teopist i npakruka, 1(1), 193-198.
https://doi.org/10.32347/2522-4182.1.2017.193-198

2.Trihenea N., & Constantine Vlad-Stefan. (2024). Fiberglass Reinforcement of Additively Manufactured
PolymericSpecimens via FDM Process, Vol. 1128, pp 67-72 https://www.researchgate.net/publication/385308358
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Research Objective — to obtain data on the performance of fiberglass elements reinforced with
composite strips. Theoretical analysis will be conducted on elements strengthened with external
composite reinforcement. The use of fiberglass structures presents an alternative to traditional steel
components (see Figures 1 and 2).

L ]
Fig.1. General view of the application of fiberglass Fig.2. Visual comparison of fiberglass and steel I-
structures beams

In modern construction, there is an ongoing challenge to minimize both the initial construction
costs and the long-term operational expenses of buildings.

Since composite materials possess excellent properties, they can serve as substitutes for other
traditional materials. Therefore, it is reasonable to further develop research in the field of
composites and expand the range of industries where such materials can be applied.

Advantages of fiberglass:

- Resistant to a wide range of chemicals and unaffected by moisture or water immersion.

- Weighs approximately 75% less than steel.

- Exhibits high dielectric strength.

- Has low thermal conductivity.

- Reduced installation and maintenance costs, with a longer service life.

Therefore, it is necessary to consider this material as a potential substitute for traditional metal or
timber structures. However, one of its limitations is insufficient tensile strength. At this stage of the
theoretical research, it was decided to explore the reinforcement of elements using an external
composite strip, typically made of carbon fibers, which is bonded to the tension (bottom) flange of
the beam. The purpose of this reinforcement is to: increase the load-bearing capacity (by additionally
resisting tensile forces) and enhance stiffness (by reducing deflections).

When working together, the bottom flange of the beam experiences tension, while the composite
strip takes on a portion of the tensile force. Due to adhesive bonding—using glue or resin—the strip
is effectively integrated into the structure and functions as additional reinforcement. The entire system
operates as a composite structure, where each component contributes to the overall load resistance.

1. Zhuravskyi, O., & Tymoshchuk, V. (2017). The calculation of flat reinforced concrete slabs reinforced with external
prestressed reinforcement. Structural engineering. Theory and practice.1(1), 193-198.
https://doi.org/10.32347/2522-4182.1.2017.193-198

2.Trihenea N., & Constantine Vlad-Stefan. (2024). Fiberglass Reinforcement of Additively Manufactured
PolymericSpecimens via FDM Process, Vol. 1128, pp 67-72 https://www.researchgate.net/publication/385308358
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VY 4YMHHHMX HOPMATHBHHX JOKyMeHTax [l, 2] BiICyTHI BHUEpIIHI BKa3iBKH LIOJO PO3PAXyHKY
3aJ1i300eTOHHIX 0aJIOK 3a MOXUIMMH TIepepi3amu, 110 moTpedye aeTaizallii moJ0XKeHb.

VY [1] Ta [3] Anst OWIHKKM HECy4Oi 37aTHOCTI BHUKOPHCTOBYEThCS JedopMmauiiHUi MeTo/,
3acHOBaHMI Ha (i3MuHO OOrpyHTOBaHUX NepeayMoBax. Bin mnependauae mnepeBipky Mil[HOCTI
CTUCHYTOI 30HU OCTOHY Ta BU3HAYCHHS [TapaMETPiB IIOIEPEYHOTO apMyBaHHSI.

PozpaxyHOK BKJIIOUA€ ABi CTafii: CII0YaTKy OLIHIOETHCS 3MaTHICTh OCTOHY CIPHIHATH IIONCPEUHY
cuily, a mpu 1l HEZOCTATHOCTI IPOEKTYEThCs TMomepedHe apMmyBaHHs. Jlnst eneMeHTiB Oe3
PO3paxyHKOBOIO apMYBaHHsI OIIp BU3HAYAETHCS 3 YPAaXyBaHHIM I103/10BXKHbOT apMaTypu, reoMeTpil
Ta HANpPY>KEHOTO CTaHy.

SIKIIO TPaHUYHUHI Omip OCTOHY NEpPEeBHILCHO, 3aCTOCOBYETHCS «(hepMOBa MOJENIb» Ul OLIHKH
3yCWJIb Yy TIONEpEdHii apMaTypi 3 OOMEXKEHHSIMH Ha KYyTH, XapaKTEPUCTHKHM MaTepiaiiB Ta
KOHCTPYKTUBHI 0co0anBoCTi. OIHAK ISt MOZIEITb M€ CYTT€EBI HEOIIKHU, 30KpeMa CIPOLICHE YSIBICHHS
HAIpyKeHO-1e(OPMOBAHOIO CTaHy Ta yMOB pPOOOTH MaTepialliB, IO 3HMKYE TOUHICTH OLIHKH
Hecy4oi 31aTHOCTI. KpiM TOro, BOHA IPYHTYETHCS Ha EMITIPUYHUX KOe]illieHTaX, 4usl BU3HAYCHICTh
4acTo € YMOBHOIO [4].

HesBaxkaroun Ha YHCJICHHI JOCIIPKCHHS, METOAM PO3PAaXyHKY BIUIMBY IIONCPEYHMX CHI 3a
HOXWINMH Iepepi3aMH 3aIUIIAIOTECS HEJOCKOHAJIUMH, OCKIIBKH JIMIIE YaCTKOBO BPaXOBYIOTh
JificHUI HanpyKeHO-ae)OPMOBaHUil CTaH Ta iHIII BaxuBi GakTopu [4].

Tomy € HaranbHa HEOOXIJHICTh y MPOBEACHHI MOJANBIINX JOCITIKEHb OTOPY 3a1i300€TOHHUX
0ayoKk 3a MOXWJIMMH TepepizaMd Ha OCHOBI JedopmaliiifHoro Meronay, ski npoBoguinck JII1
«JlepkaBHMI HAYKOBO-IOCIITHUI IHCTUTYT OYAiBEIbHUX KOHCTPYKILi» [S].

Take TOCIIUKCHHS 1a€ 3MOTY PO3POOHTH METOIMKY aHali3y HalpyKeHO-Ie()OPMOBAHOIO CTaHy
Ta Hecy4oi 37aTHOCTI Oalok mpH nii HomepedHoi CHIM Ta MOMEHTY 3 BHKOPHCTaHHSAM IIOBHOI
niarpamMu ne)opMyBaHHS OCTOHY Ta BIOCKOHANIWUTH YHMHHI OyxiBenbHi HOopMH [2]. Ilpaktiuna
LIHHICTH TOJISITAE B palliOHATbHOMY MiAOOPI mepepisy Ta apMyBaHHS, 1110 3a0e3MeYnTh HAIHHICTD i
JIOBTOBIYHICTh KOHCTPYKIIIH.

1. IBH B.2.6-98:2009. Kouctpykuii OyauskiB i crnopyn. beronni Tta 3amizoberonni koHctpykuii. OcHOBHI
nosioxenHs. 3i 3Mminoto Nel — Minpeeionyo Vipainu. Kuis, 2011. 71c. wunnuii 01.06.2020.

2. ICTY B.B.2.6-156:2010 Beronni Ta 3a11i300eTOHHI KOHCTPYKIIi 3 Baxkkoro GetoHy. IIpaBmia IpOeKTyBaHHI—
Minpezionbyo Yrpainu. Kuis, 2011. 166¢. wunnui 01.06.2011.

. EN 1992-1:2001(Final Draft, April, 2002) Eurocode-2: Desing of Concrete Structures Part 1: General Rules and
Rules for Building. - Brussels, 2002.- Oktober - 230 p.

4. Kiimos, . 10., & Cmopxkainos, /1. . (2024). ExcniepuMeHTaIbHI JOCIIUKEHHS MILHOCTI 3a1i300€TOHHUX €IEMEHTIB
npu i nonepeynux cuit. Byaisenbui koncrpykuii. Teopist i npakruka, (14), 4-18. https://doi.org/10.32347/2522-
4182.14.2024.4-18

. Bambypa A.M. [ledopmyBanus i pyiiHyBaHHs 3a1i300€TOHHUX KOJOH KPYIJIOTO HEpepidy HpH MONepedHOMY
BUIHHI 1 CyMicHIN Ail m03aleHTPOBOro CTHCHeHHs i mornepeunoro Buruny/ A.H. Bam6ypa, daBuzenko O.0.,
Jasunenxo O.1., Bepesin B. B.// Hayka ta OyaiBuumrso. -2015. -3. — C. 36-39.
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The current regulatory documents [1, 2] do not contain comprehensive guidelines for the calculation of
reinforced concrete beams with inclined sections, which requires detailed provisions.

In [1] and [3], the deformation method based on physically sound assumptions is used to assess the bearing
capacity. It involves checking the strength of the compressed zone of concrete and determining the parameters
of transverse reinforcement.

The calculation involves two stages: first, the concrete's ability to absorb the transverse force is assessed,
and if it is insufficient, transverse reinforcement is designed. For elements without calculated reinforcement,
the resistance is determined taking into account the longitudinal reinforcement, geometry and stress state.

If the ultimate concrete resistance is exceeded, a “truss model” is used to estimate the forces in the
transverse reinforcement with restrictions on angles, material characteristics, and design features. However,
this model has significant drawbacks, including a simplified representation of the stress-strain state and
material conditions, which reduces the accuracy of the load-carrying capacity assessment. In addition, it is
based on empirical coefficients, whose certainty is often conditional [4].

Despite numerous studies, the methods for calculating the effect of transverse forces on inclined sections
remain imperfect, as they only partially take into account the actual stress-strain state and other important
factors [4].

Therefore, there is an urgent need to conduct further research on the resistance of reinforced concrete beams
in inclined sections based on the deformation method, which was conducted by the SE “State Research Institute
of Building Structures” [5].

This study makes it possible to develop a methodology for analyzing the stress-strain state and bearing
capacity of beams under the action of transverse force and moment using a complete concrete deformation
diagram and to improve current building codes [2]. The practical value lies in the rational selection of cross-
section and reinforcement, which will ensure the reliability and durability of structures.

1. DBN V.2.6-98: 2009. Structures of buildings and structures. Concrete and reinforced concrete structures. Main
provisions. With amendment No. 1 - Ministry of Regional Development of Ukraine. Kyiv, 2011. 71 p. valid
01.06.2020.

2. DSTU B.V.2.6-156:2010. Concrete and Reinforced Concrete Structures of Heavy Concrete. Design Rules —
Ministry of Regional Development of Ukraine. Kyiv, 2011. 166 p. valid 01.06.2011.

3. EN 1992-1:2001 (Final Draft, April, 2002) Eurocode-2: Design of Concrete Structures Part 1: General Rules and
Rules for Building. - Brussels, 2002. - October - 230 p.

4. Klymov Y., Smorkalov D. Experimental Studies of the Strength of Reinforced Concrete Elements under Shear
Forces // Building Structures: Theory and Practice. — 2024. — Issue 14. — P. 4—18. https://doi.org/10.32347/2522-
4182.14.2024.4-18

5. Bambura A.N. Deformation and destruction of reinforced concrete columns of circular cross-section under
transverse bending and combined action of off-center compression and transverse bending / A.N. Bambura, O.0.
Davydenko, O.I. Davydenko, V.B. Berezin // Science and Construction. -2015. -3. - C. 36-39.
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CymineHi 3ami300eTOHHI IUIUTHI (YHZAMEHTH € OJHUM 3 Hai0iIbll NOMMPEHHX pIlIeHb Yy
Cy4acHOMY OyAiBHHUIITBI, OCOOJHMBO TpH 3BEACHHI 0araTomoBepXOBHX KapKAaCHHX 1 MaHEIbHUX
OyniBelsb, a TAKOXK MPOMHUCIOBUX CIIOPY[, TaKUX SIK CHJIOCH, €JIEBATOPH, AUMOBI TPyOHM Ta iHIUI
00'exTH 3i 3HauHMMH HaBanTaxeHHsmu[ 1]. Ixus ocHOBHa mepeBara monsrae B 3/aTHOCTI e(heKTHBHO
MIePEPO3MOALISITH HEPIBHOMIPHI HABaHTAXXCHHS Ha IPYHTOBY OCHOBY, IO OCOOJIMBO BaXKJIMBO IPH
Oy1iBHMITBI Ha C1A0KUX, HEPIBHOMIPHO CTUCIHX 200 OOBOAHEHUX IPYHTAX.

. Oco0nuBy yBary 3acilyroBYIOTb KOMOIHOBaHi ILTMTHO-

LM nanboBi  (yHmamentn (IIIID), sKki MOETHYIOTH IepeBark

— e — TpagUuUifiHUX IUIUTHUX (YHAAMEHTIB I ManbOBUX OCHOB. Sk
TAUTHHY #6i i ;

P i 3a3Ha4eHO [ 1], HaHOLIBII PaLiOHATEHIM € PO3MIIICHHS Hallb y

Takux (yHoaMeHTax y BUNLLN KymiB (puc.l) aGo psamiB y
| OINOPHMX 30HAX HECYYHMX KOJOH 1 CTiH 3 MiHIMAJIbLHUM KPOKOM.
| Ilpu TakOMy KOHCTPYKTHBHOMY PilllEHHI [IMTHA KOMIIOHEHTA

k—“-‘_ j MPOSIBJISIE  CBOIO POOOTY MEPEBaXHO B MPOJBOTHHX Ta

1 MIDKKYILOBHX 30HaX, a He 03M0CepeIHbO MiXK TAJISIMH.

H pas_ Baxxugoio ocobimsictio III® € BifcyTHICTH HKOPCTKUX

| Ii.'frwurntuu :mcul

00MexKeHb o0 YaCTKHM  HaBAHTAXCHHA, AKEC  MOXKC
CHpHﬁMaTHCS{ CaMOI0 IIJIUTORO. I_[ei»i rmapaMeTp BHU3HAYAETHCA

s - . g ;

TP 1|.‘.,i IHIUBIAyalbHO JUI KOXKHOTO TIPOEKTY 1 3aleKHTh Bif

; 2ld } KOHKPETHHX YMOB OYIiBHHIITBA Ta XapaKTEPUCTHK I'PYHTOBOT
ocHOBH [1].

Puc.1. [lnuTHO-NANBOBHIT QYHIAMEHT
(1]
Taka THYYKICTh JJO3BOJISIE ONITUMI3yBaTH KOHCTPYKI[O (BYHAaMEHTY, HOCSITal0ul MaKCUMAaJIbHOT
e(eKTUBHOCTI PHU MiHIMAJILHUX BUTpaTax Marepiais.
JloctikeHHS TOKa3y0Th, 0 KOMOIHOBaHI INIUTHO-TIANIBOBI (yHIAMEHTH MalOTh PSJ iCTOTHHX
repeBar:
-3MEHIICHHS 3araJibHOI 0CaKK OYIIBII 32 paXyHOK ONITUMAJIBHOTO PO3IIO/UTY HABAaHTAKEHHS MIXK
MMaJSIMH 1 IUIHTOIO;

-eKOHOMIs MaTepialiiB - MOXKJIMBICTh 3MEHIICHHS TOBIIMHY IUTUTHU Ta KUIBKOCTI Majlb Y MOPIBHSIHHI
3 TpaJULIHHUMU PILICHHSIMU;

-I1JIBUILIEHA CTIHKICTb 0 HEPIBHOMIPHUX Jedopmariiid IpyHTY.

-YHIBEPCAJIbHICTh 3aCTOCYBAHHS - MOXUIUBICTh BUKOPHCTAHHS PI3HUX THUIIB Iajb, BKIIOYAIOUH
OypoHabuBHi, 3a0KBHI Ta OapeT-masi.

Ipore, six 3a3HaueHo B poOoTi [1], MMPOKE BHPOBA/UKEHHS IIMTHO-TAILOBUX (YHIAMEHTIB
CTpUMYy€ThCs JeKinpkoMa (axropamu. Cepesl HUX - HEIOCTaTHS PO3POOICHICTE HOPMATHBHOI 6a3H,
00MeKeHa KUTBbKICTh MPAaKTUYHHUX JOCTIHKEHb POOOTH TaKMX KOHCTPYKIIH y PI3HUX IPYHTOBHX
YMOBaX, a TaK0>K HEOOXIJHICTb OUIBbII TOUHUX METOJIB PO3paxXyHKY B3a€MOJIi MiX IaJIIMHU, INTUTOIO
1 IPYHTOBOIO OCHOBOIO.

ITepcrieKTHBHEM HANpPSMKOM PO3BHTKY € IOJAAIbIIi JOCIIDKEHHS POOOTH IUIMTHO-NAIbOBUX
(yHIaMeHTiB, po3poOKa yTOYHEHUX METO/IIB iX PO3PaXyHKY Ta CTBOPEHHS BIAMOBITHOI HOPMATHBHOL
6a3u. Lle 103BONUTS IIUpIIIE 3aCTOCOBYBATH TaKi €()eKTUBHI KOHCTPYKTUBHI PillleHHS y OyliBHULITBI,
0COOIUBO B CKJIAJHUX IPYHTOBUX YMOBAX..

1. Kpinak, B. (2023). KommiekcHuii mimtHo-naaboBuil GyHaament. byaisensi koucTpykiii. Teopis i npakTuka,
(13), 30-40. https://doi.org/10.32347/2522-4182.13.2023.30-40
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Solid reinforced concrete slab foundations are among the most common solutions in modern
construction, particularly for multi-story frame and panel buildings, as well as industrial structures
such as silos, elevators, chimneys, and other objects with significant loads [1]. Their main advantage
lies in the ability to effectively redistribute uneven loads to the soil base, which is especially important
when constructing on weak, unevenly compressible, or water-saturated soils.

;. Special attention should be paid to
h"" combined slab-pile foundations (SPF), which
combine the advantages of traditional slab
Pile cap slab foundations and pile foundations. As noted in
[1], the most rational arrangement of piles in
such foundations is in clusters (Fig. 1) or rows
in the support zones of load-bearing columns
and walls with minimal spacing. With this
design solution, the slab component primarily
functions in the span and inter-cluster zones,
rather than directly between the piles.

An important feature of SPF is the absence
of strict limitations regarding the proportion of
load that can be borne by the slab itself. This
parameter is determined individually for each
project and depends on specific construction
conditions and soil base characteristics [1].

Such flexibility allows for optimization of the foundation design, achieving maximum efficiency
with minimal material costs.

Research shows that combined slab-pile foundations offer several significant advantages:

- reduction of overall building settlement due to optimal load distribution between piles and the
slab;

- material savings - the possibility of reducing slab thickness and the number of piles compared
to traditional solutions;

- increased resistance to uneven soil deformations;

- versatility of application - the ability to use various types of piles, including bored, driven,
and barrette piles.

However, as noted in [1], the widespread implementation of slab-pile foundations is hindered by
several factors. These include insufficient development of regulatory standards, limited practical
research on the performance of such structures in various soil conditions, and the need for more
accurate methods of calculating the interaction between piles, the slab, and the soil base.

A promising direction for development is further research on the performance of slab-pile
foundations, the development of refined calculation methods, and the creation of appropriate
regulatory standards. This will allow for broader application of such effective structural solutions in
construction, especially in complex soil conditions.

Fig.1 Slab-pile foundation [1]

1. Kripak, V. (2023). Combined slab-pile foundation. Building Constructions. Theory and Practice, (13), 30-40.
https://doi.org/10.32347/2522-4182.13.2023.30-40
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OCHOBHUM JIOKyMEHTOM, SIKHH MICTUCh TIPUHLMIIM BUKOPHCTAHHS apMaTypH, 30Kpema
NepioAUUHOro npodito, Ui apMyBaHHS 3a1i300€TOHHUX KOHCTPYKIIH MOCTIB Ta TpyO, J0OHEnaBHA
oys JIBH B.2.3-14:2006. Ilix 4ac npoekTyBaHHSI KOHCTPYKLii MOCTIB Ta TpYO, SIKi pO3paxoByIOTh Ha
BUTPHBAIICTh, BiAnoiaHo a0 JIBH B.2.3-14, moximBuM Oys10 BUKOPUCTAHHS BHUKIFOUHO apMaTypH
3riguo 3 'OCT 5781-82.

Yunnicts ['OCT 5781-82 B VYkpaini nepioguuno ckacoByBanu. KpaiiHs BTpaTa YHHHOCTI
(01.04.2022) ¢akTHYHO CIIPHYMHIIA 3YIIUHKY IIPOEKTYBAHHSA Ta OyJiBHULTBI TPAHCHOPTHUX CIIOPYT
Tam, Jie HeoOXiHO OyJI0 3aCTOCOBYBATH KOHCTPYKILIi, SIKi pO3PaXOBYIOTh Ha BUTPHBAIICTb.

Pasom 3 tmm, HaOyB umuHOcTi JICTY 9130:2021. Amnaniz JICTY 9130:2021 mnokasas, 1o
apmatypauii npokar 3rigHo 3 JICTY 9130:2021 noctatHbo OIM3bKHI 32 BUMOTaMU JI0 apMaTypHOTO
npokary 3rigao 3 FOCT 5781-82. 3okpema, mae nmoaioHui npodise, reoMmerpuyHi po3mipu. e, B cBoro
4epry, € 3Ha4YHOIO IEePeBarol0, OCKUIBKA JT03BOJIIE 3aCTOCOBYBATH IOB’SI3aHI i3 UM HAIPaI[FOBAHHS
1I0/10 KOHCTPYIOBAHHSI MiJI Yac MPOEKTYBAHHS 3aJ1i300€TOHHMUX KOHCTPYKIii. PazoM 3 TuM, okpemi
nonoxenust JICTY 9130:2021 sinpisusitorees Bix monoxkens ['OCT 5781-82. Tlocrano muTaHHS
MOXJTMBOCTI 3aCTOCYBaHHsI apMaTypHOTo mpokaTy 3rifgHo 3 JJCTY 9130:2021 a1 KOHCTPYKILii MOCTiB
Ta Tpyo.

Paszom 3 tum, JIBH B.2.3-14:2006 nependadeHo BUKOPUCTAHHS apMaTypH IIEPIOAMYHOTO IPOQII0
srinHo 3 JICTY 3760-98, na 3aminy sikoro mpuiiasto JCTY 3760:2019, ane Oyno oOmexeHO
KOHCTPYKIISIMH, SIKi HE CIIPUIMAatOTh OaraTopas3oBi IOBTOPHI HABAHTAXKEHHS.

Bepyun no yBarm ckianHy curtyaunito 3 HeupimieHuMm y JIBH mutaHHAM 1mono 3actocyBaHHS
apMaTypH HepioIMuHoro npodiito, AepKaBHUM MiIPUEMCTBOM «HallioHaIbHUN IHCTUTYT PO3BUTKY
inppactpyxrypm» (JI1 «HIPI») Gyno pospodieno 3miny Ne 1 JIBH B.2.3-14:2006. Po6ota Tpusaia
OljblIe YOTHPBOX POKIB 1 OXOIUTIOBAJIA JIOCHIIHUIIBKY YacTHHY, po3poOsieHHs 3MiHum No 2
JACTY 3760:2019 ta pospodnenns 3minm Ne 1 JIBH B.2.3-14:2006. 3a pesyabraTroM poboTu, 3
01.12.2024 nabyna ununocti 3mina Ne 1 JIBH B.2.3-14:2006.

V¥ 3mini Ne 1 JIBH B.2.3-14:2006 yTo4HEHO XapaKTEpUCTUKU apMaTypH MEpPiOANYHOrO Ipodiito,
SIKi TIOTPIOHO MpPUHMATH TiA Yac TMPOEKTYBAaHHS. YMOBH BHKOPUCTAHHSI apMarypd BHIIUCAHO Y
BIJIMOBIZIHUX MYHKTaX Ta HABEJCHO XapaKTEPUCTHKH Yy BIAMOBIAHUX TaOiMIpIX. [IJIsi ONTHMaIbHOTO
BHOOpPY apMaTypyl BUIIMCAHO BEMOTHU JIO apMaTypH, SIKy IOTPiOHO 3aCTOCOBYBATU IS KOHCTPYKIIH,
SIKI PO3PaxOBYIOTh Ha BUTPUBATICTD Ta, OKPEMO, [UTS IHIINX BUTIA/IKIB.

Jlna npoextyBanbHuKa y 3MiHI Ne 1 JIBH B.2.3-14:2006 pexoMeHIOBAaHO 3aCTOCOBYBAaTH IPH
MIPOEKTYBAHHI Pi3HUX BUJIIB KOHCTPYKIIH BIIMOBIIHI JOKYMEHTH, SIKI MAOTh CTaTyC PEKOMEH/IAIlii,
1110 I03BOJISIE YHUKATH TIOMHJIOK 3aCTOCOBYIOUH II€PEBIpPEHi PillIeHHS.

VY 3mini Nel JIBH B.2.3-14:2006, Taxox, Hepea0adeHO MOXUIMBICTH BHKOPHUCTAHHS HOBHX
apMaTypHHUX CTalleil Ha BUIA/IOK, SIKILO He Oy/1e MOXKJIMBOCTI BUKOPHCTOBYBATH Mepei0aueHi HopMaMu
Ta BUITHCAHO K caMe L[e MOXHa pOoOUTH.

BucnoBku. HaOyrrst unnnoCTi 3Minn Ne 1 JIBH B.2.3-14:2006 Bupimuio npo6iaemy BiICyTHOCTI y
Oy/iBeIbHUX HOPMax apMaTypHOTO MPOKATy MEepioAMYHOro mpodito uis apMyBaHHS KOHCTPYKIIIH,
SIKI PO3PaxoBYIOTh Ha BUTPHBANICTh micis npunuHeHHs ynHHOCTI [OCT 5781-82. 3mina Ne 1 JIBH
B.2.3-14:2006 nae MOXJIMBICTH 3aCTOCOBYBAaTH apMaTypHHH IIPOKaT MEpioJUYHOro mpodimto
BIAMOBIJIHO JI0 yCIX YMHHHMX B YKpaiHi Ha JaHWil yac CTAHIApTiB, SIKI BCTAHOBJIIOIOTH BUMOTHU 10
apMaTypH, 110 PO3IIMPIOE MOMKIMBOCTI IMIPOEKTYBATbHHUKA.

1 Babsax LII. Bixors C.I. Jocnimkenns apmatypu nepioauunoro npodimo A-IIIB Ta nepcnektusu ii 3acTocyBaHHs
JUIs TLUTHT OPOrOHOBHUX Oy0B MocTiB. 30ipHHUK HaykoBMX mpanp «Jloporn i moctiy. Kuis, 2023. Bum. 27. C. 216~
227. https://doi.org/10.36100/dorogimosti2023.27.216
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The main document containing the principles of using rebar, in particular periodic profile, for
reinforcing reinforced concrete structures of bridges and pipes, until recently was DBN V.2.3-14:2006
(State Building Norms). When designing bridge and pipe structures that are designed for endurance, in
accordance with DBN V.2.3-14, it was possible to use only rebar according to GOST 5781 82.

The validity of GOST 5781-82 in Ukraine was periodically canceled. The final loss of validity
(01.04.2022) actually caused a halt to the design and construction of transport structures where it was
necessary to use structures that are designed for endurance.

At the same time, DSTU 9130:2021 came into validity. Analysis of DSTU 9130:2021 showed that
the rebar of periodic profile according to DSTU 9130:2021 is quite close in requirements to the rebar
according to GOST 5781-82. In particular, it has a similar profile, geometric dimensions. This, in turn,
is a significant advantage, since it allows the use of related design developments when designing
reinforced concrete structures. However, some provisions of DSTU 9130:2021 differ from the
provisions of GOST 5781-82. The question arose of the possibility of using rebar according to
DSTU 9130:2021 for bridge and pipe structures.

At the same time, DBN V.2.3-14:2006 provided for the use of periodic profile rebar in accordance
with DSTU 3760-98, which was replaced by DSTU 3760:2019, but only for structures that do not accept
multiple repeated loads. Taking into account the difficult situation with the unresolved issue in DBN
regarding the use of periodic profile rebar, the State Enterprise "National Institute for Development
Infrastructure " (SE "NIDI") developed Amendment No. 1 to DBN V.2.3-14:2006 . The work lasted
more than four years and included the research part, the development of Amendment No. 2 to DSTU
3760:2019 and the development of Amendment No. 1 to DBN V.2.3-14:2006. As a result of the work,
Amendment No. 1 to DBN V.2.3-14:2006 came into force on 01.12.2024.

Amendment No. 1 to DBN V.2.3-14:2006 specifies the characteristics of periodic profile rebar that
must be taken into account during design. The conditions for using rebar are listed in the relevant
paragraphs and the characteristics are given in the relevant tables. For the optimal selection of rebar,
requirements for rebar that must be used for structures that calculate on endurance and, separately, for
other cases are listed.

For the designer, Amendment No. 1 to DBN V.2.3-14:2006 recommends using the relevant
documents that have the status of recommendations when designing various types of structures, which
allows you to avoid mistakes by applying proven solutions.

Amendment No. 1 to DBN V.2.3-14:2006 also provides for the possibility of using other type of
rebar in case it is not possible to use those provided for by the norms and specifies how this can be
done.

Conclusions. The entry into force of change No. 1 of DBN V.2.3-14:2006 solved the problem of the
absence in building norms of rebar of periodic profile for reinforcing of structures that calculate on
endurance, after the termination of GOST 5781-82. Accordingly, this made it possible to develop design
documentation. Amendment No. 1 to DBN V.2.3-14:2006 makes it possible to use periodic profile
rebar in accordance with all standards currently in force in Ukraine that establish requirements for rebar,
which expands the capabilities of the designer.

1 Babiak L.P. Vikhot S.I. Doslidzhennia armatury periodychnoho profiliu A-IIIv ta perspektyvy yii zastosuvannia dlia
plyt prohonovykh budov mostiv (Research of A-IIIB periodic profile reinforcement and its application prospects for
slabs of spans of bridges). Dorohy i mosty (Roads and bridges). Kyiv, 2023. Vyp. 27. S. 216-227.
https://doi.org/10.36100/dorogimosti2023.27.216
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eJIEMEHT CHCTeMH 3a0e3nedeHHs KIiMaTy OyIMHKY
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AT «Kuie3H/IEITY', TOB «HKI] «Insecmcepsicy’, (m.Kuis)

Puc. 1 «Etaxepka» - OyaiBisi KOHCTPYKTHBHOT CXeMHU Puc. 2 Konryp cucremu tabde (tabs) B
MOBHUI MOHOJITHHUI 3aJ1i300€ TOHHMIA KapKac MOHOJITHIN MIUTI

Mertor gochiukeHHs OyJio eKCIepUMEHTalbHE MiTBEP/UKCHHS MOXKJIMBOCTI 3a0€3MeYUTH
CaHITAPHO-TITIEHIYHI BUMOTH 10 NPUMILIEHb OYAIBII HIIIXOM BUKOPUCTaHHS CHUCTEMH Taabc —
TEPMOAKTHUBHI aanTHBHI OyiBenbHi cucteMu (thermoactive accumulative adaptive building system,
controlled thermal mass conception). JlocmikeHHS IPOBOJIINCEH HA 24 00’ ekTax Iuromero Bixg 200
110 5 THC.M2 IpPOMAJICHKOTO Ta )KUTIIOBOTO TMPH3HAYEHHS YMUCIOM MOBEPXIiB Bi 2 710 5 B mepiof Bix
2010 o 2025 poky BKIIFOUHO.

Cucrema Taabc — 11e 6e3nocepeiHiii KOHTPOIIb TEMIIEPaTypH HECYINX TOPH30HTAIBHHUX SJIEMEHTIB
OyaiBai Oy/ab-sIKOrO HpPU3HAYCHHS, Oy/b-IKOr0 00 €MHO-IUIAaHYBAJIbHOTO PIIICHHS, OYIb-SKOr0
YMCIIa OBEPXIB 3 METOI0 3a0€311€UeHHS CaHITAPHO-TIri€EHIYHUX BUMOT IIPUMILIEHb.

B omnamoBanbHuil mepios cuctema mpaioe nojgadeto B KoHTyp IIE TpyO (posmimieHux Mmix
BEPXHBOIO T4 HIKHBOIO apMaTypOI0 IUIUT (YHIAMEHTY, HEPEKPUTTS Ta HOKPUTTS) BOIH (3
eTmieHrikoneM 6%) temneparypoto 25..27C°. 3BopotHs - +20..21C°. B nitHiii nepioa nogaerscs
Boja +21..22C°. 3BopotHs — 24..25C°. Cucrema CTBOPIOE TEMIIEpaTypo -KIIMAaTHYHUN HOTEHLial
Oynisii B 0,24..0,26 kBr*rox Ha 1 M2 Ha 1C°.

EnepreTnyHi XapaKTepHCTHKH THIIOBHUX OyaiBenb, KBT*ron/m2 B pik:

- Cymapne —45...48 - Cucrem onanenss — 14...16

- Tapsiue Bomonocrayanus — 17...19 - Cucrem oxonomkenHs — 2...2,3

- TlepBunnoi exeprii — 115...118 - ITapuuxoBux rasis, kr/mM2 — 18...20

- IlutoMe Ha HArpiB Ta OXOJIOIKECHHS — - Kiac eneproedextuBHocTi — «A4++»
16...18

Bkazanuii TeMriepaTypHuii Iiana3oH Ta eHEpreTHYHi XapakTepUCTHKH Oy/IiBEsb CIIPOEKTOBAHHX,
mo0y/I0BaHUX Ta €KCIUTyaTOBAaHUX B CUCTEMI maabc 3a0e31edye MOXKINBICTh MAKCHMAIILHO TIOBHOTO
Ta EKOHOMIYHO BHTIJIHOTO BUKOPHUCTAHHS BCIX THIIIB Ta CUCTEM BiJHOBIIOBAIBHUX JDKEPEN SHEpril.
TunoBuM 1 6a30BMM € pimieHHS Ha 0a3l TemaoBoro Hacocy (OyIb-SKOTO THITY) SKHH pa3oM 3
CHCTEMOI0 maahc CTAaE OCHOBOIO 3a0E€3IEUEHHS CAHITapHO-TIrIEHIYHUX BUMOT 10 IMPHUMILICHb
OyauHKY, OyaiBii: HarpiB, OXOJIO/DKEHHs, MIJIFOTOBKA IMOBITPS CHCTEMH BEHTWIALII a TaKOX,
rapsiaoro BOJIONOCTauaHHSI.

3abe3neuyerbest peanizanis Engineering Open Space Conception wmineil u Bumor active and
passive house conceptions, nzeb, zero carbon emission, green building, sustainable architecture and
development, 17 goals UN. BapTicTe MOHOJITHOIO KapKacy 3 CHCTEMOI TaalbC 3a KOHTpPaKTaMu
design and build turn key — 170-180 y.o./M2 3aranbHoi miomy Oyaisni. Excrityaraniiini Butpartu
GanmaHcoyTpuMyBada — 3..4 kBr*ron enexkrpuuHoi eHeprii Ha M2 Ha Micslb B 3UMOBHII IIepiox Ta
1,3..1,5 — B nitHil. 3anposadoicenns cucmemu maabc CUCMEMHO MA PAOUKATIbHO 30i1bULye
CROJCUBYY YIHHICIb, 8ANCIUBICIND, 8A2Y | 3HAYEHHS KOHCMPYKMUGHOI cucmemu 6yOuHKis, 6yoigens.
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Fig. 1 "Shelf" - building of a structural scheme full Fig.2 Outline of the tabs system in a
monolithic reinforced concrete frame monolithic slab

The purpose of the study was to experimentally confirm the possibility of providing sanitary and
hygienic requirements for the premises of the building by using the faabs system — thermoactive
accumulative adaptive building system (controlled thermal mass conception). The studies were
carried out on 24 objects with an area of 200 to 5 thousand m2 of public and residential purposes with
the number of floors from 2 to 5 in the period from 2010 to 2025 inclusive.

The taabs system is a direct control of the temperature of the load-bearing horizontal elements of
a building for any purpose, any volumetric planning solution, any number of floors in order to ensure
the sanitary and hygienic requirements of the premises.

During the heating period, the system works by supplying water (with ethylene glycol 6%) to the
PE circuit of pipes (located between the upper and lower reinforcements of the foundation slabs,
floors and coatings) at a temperature of 25...27 °C. Reverse - +20...21Co. In the summer, water is
supplied +21...22C. Reverse — 24..25Co. The system creates a temperature and climatic potential of
the building of 0. 24..0.26 kWh per 1 m2 per 1 Co.

Energy characteristics of typical buildings, kWt¥h/mM2 per year:

- Total —45...48 - Heating — 14...16

- Hot water —17...19 - Cooling —2...2,3

- Primary energy — 115...118 - Greenhouse gases, kr/m2 — 18...20
- Specific heating and cooling — 16...18 - Energy efficiency class — «4++»

The specified temperature range and energy characteristics of buildings designed, constructed and
operated in the taabs system provides the possibility of the most complete and cost-effective use of
all types and systems of renewable energy sources. A typical and basic solution is based on a heat
pump (of any type), which, together with the taabs system, becomes the basis for ensuring sanitary
and hygienic requirements for the premises of the house, building: heating, cooling, air preparation,
ventilation system, as well as hot water supply.

Implementation is provided Engineering Open Space Conception, goals and requirements active
and passive house conceptions, nzeb, zero carbon emission, green building, sustainable architecture
and development, 17 goals UN. The cost of a monolithic frame with a taabs system under design and
build turn key contracts is 170-180 USD / m2 of the total area of the building. Operating costs of the
asset holder — 3...4 kWh of electricity per m2 per month in winter and 1.3...1.5 — in summer. The
introduction of the taabs system systematically and radically increases the consumer value,
importance, weight and significance of the structural system of houses and buildings.
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B nepiox BiitHu 3axucHI criopy i HaOyBarTh 0COOJIMBOTO 3Ha4YeHHs, Ha piBHi 13 [1I10 Ta iHIMMEI
3axonaMu 3axucty. lle OanmaHc CIIBBIJHOLICHHS Yacy, pecypciB 1 piBHS 3aXHINCHOCTI aKTHBIB.
3axuCHI copyM NMOAUIIOThCs Ha GopTUdikaniiiHi (3acTOCOBHI Ha (POHTI), CHOPYH LUBUILHOTO
3aXuUcTy (IPU3HAYCHI M YKPUTTS HACEICHHS) Ta CIOPYIX imkeHepHoro 3axucty (CI3), nmpusHaueHi
Uit 3axucty 00’ekriB  kputhuHoi iH(pactpykrypu (OKI). HoBi pusuku, nos’s3aHi i3
TTOBHOMACIITA0OHUM BTOPTHEHHSM pd, 3yMOBIICHI 3aCTOCYBaHHSIM HacaMmIepe/] 3aco0iB MOBITPSIHOTO
Hanay (3I1H), Ta BinnoBigHumu akropamu ypakenHs Bin HuX — briJIA-kamikaase, pakeru, npsami
BIy4aHHs, ONu3bKi BHOYXM, OCKOJIKM, TAaJiHHS YyIAMKiB, 3aiiMaHHsS TOIIO, SIKi MOTPEOYIOTH
BpaxyBaHHs. «Kpaina-®opTrens» — KOHIENIIis, po3po0iieHa KOIEKTUBOM aBTOpiB [1,2] y 2022-2023
pokax 3 ¢oxycom nHa CI3 misa 3axucrty OKI, possunena y 2023-2025 pokax, 3aTBepikeHa
IMocranosoro KMV [4]. Bona nepen6adae BUMOTH Ta TUIIOBi KOHCTPYKTUBHI PIilICHHS U TPHOX
piBuiB CI3: I p. — Henpsimi Birywanust briJIA Ta paxer, Il p. — npsimi Biydanns briJIA Ta nenpsimi
Biay4anHs paker, III p. — npsmi BiyuanHsx paker. Hapasi TpuBae aep:kaBHE BIIPOBAKCHHS
konuenuii st 3axucty OKI. 3Beneni CI3 Bike nmokas3any 3Ha4HI 3aXKMCHI BIacTHUBOCTI. B ToMy umncii
macoBe criopy/pkeHHass CI3 st 3aXucTy 00’€KTiB €HEPreTHKH, T03BOJIWIO MpoiTH 3uMy 2024-25
POKiB mpakTH4HO Oe3 GiekayTiB. Cropyau 1 p., B OCHOBHOMY ra0iOHHI, 3a0€3II€UHIN IPUHHATHIN
piBeHb 3axucTy 3a Manuii yac 1 komrtu. Crnopyau 2 p. MOKa3aliyd BUCOKHUI PIBEHb 3aXHIICHOCTI 1
BpsatTyBanmu eneMeHTH OKI y coTHsx mpsmux Biydans brnJIA. Ha ocHoBi «Kpaina-Doprerst» Ha
MiCILIeBOMY PiBHi po3po0iieHa KoHuenis «Micto-Doprersi» [4].

Hampsimkamu  BIOCKOHaeHHST KoHuenuii [4] Ha Ham morisy MawoTb OyTtu: l.- mmpokxe
BIpoBa/pKeHHs: KoHuenuii «Kpaina-Doprens», po3MUpeHHS HOMEHKIATypH O0O0’€KTIB PI3HUX
rajgy3ei siK UBUIBHOTO 1 IPOMHCIIOBOTO ITPU3HAYEHHS; 2.~ BIOCKOHaIeHHs BUMOr 10 CI3, B 3B’ 3Ky
i3 BpockoHaneHHsM nporuHukoM 3ITH Ta Taktuku ix 3actocysanss. Lle Hacamnepen Hosi BU y
3ITH (30inbIIeH0T TOTYKHOCTI, TepMOOAPUYHI, TYTUICTHI, KACETHI, 3 I0JJaTKOBUMH YPaKyBaJTbHUMH
€JIEMEHTaMH, yIApHUMHU SAPaMU, KyMYJISITUBAMH, BJOCKOHAJICHUMH IiJpUBAavYaMu), IiJABUILEHHS
TOYHOCTI y/1apiB, 3pOCTAaHHs KUIbKOCTI aTak, IPOBE/ICHHS TOBTOPHUX aTaK, 3pOCTaHHS KiIbKOCTI aTak
Ha IUBIIBHI 00’€KTH TOWIO; 3.- PO3BUTOK IOJOXKEHb MIPOEKTYBAHHS, METOAUK po3paxyHKy CI3 Ha
niro 3[TH [3]; 4-BnpoBapKeHHST HOBHX KJIaCiB 3aXHCHUX CIIOPY/I, 3aXHIIEHUX MTPOCTOPIB Y KUTIOBUX
i TPOMAJICHKUX Oy/AMHKAX, MiJCHUIICHHS iICHYIOUMX OY/iBElb 3 HYJIbOBOIO KMBYUICTIO, 3aCTOCYBaHHS
MEpBUHHUX IIBUIKOMOHTOBAHUX YKPHTTIB, po3paxoBaHux Ha fito 3I1H; 5. ocHamenHst OyauHKiB
3aco0aMM HEpIIOYEproBOro yKpIIUICHHS, PeMOHTY. Jl0JaTKOBO CIifi BHPOBAKYBATH IPOrpaMu
IIMPOKOr0 HABYAHHS HACEJICHHS JJIOMEIMYHOT J0IIOMOT 1, CAMOPATYBAHHS Ta PO30UPaHHs 3aBaliB 110
Tumy nporpamu «bini moxomm» [https:/whitehelmets.org/].

1. OcHOBH iHXKEHEPHOTO 3aXHCTy 00’€KTiB KpUTHYHOI iHQPACTPYKTYpH e€HepreTHJHOi ramysi Ykpainu Bix 3aco0is
noBiTpsiHoro Hanaay nportusnuka /M.B. Kosains, B.B. Kosans, A.C. binuk, B.1. Komopy6a, O.M. Ky6paxos; mix
pen. A.C.Bimuka. — K.: TIII 3CY, 2023 — 180 c.

2. Bilyk A., Kotsiuruba, V., Bzot, V., & Dzeverin, 1. (2023). 3axuct 06’€kTiB KpuTHYHOI iHppacTpyKTypn YKpainu
BiJl MPSAMHUX BIIyYaHb PAKeT 3a JOMOMOTOIO IMiJ3MHOTO pO3TallyBaHH:. SInepHa Ta paniauiiina Gesmeka, Ne2(98),
69-79.

3. Ternovyy M. L, Bilyk A. S., Daurov M. K. A new research method for the dynamic properties of the steel roof
trusses using reducing bending rigidity and the shear deformation of the ideal i-beam model/ / Future of science:
innovations and perspectives. Proceedings of the 3rd International scientific and practical conference. SSPG Publish.
Stockholm, Sweden. 2025. Pp. 69-72.

4. TlocranoBa KMY Ned471 Bix 26.4.2024 (Kpaina-Doprers).

40



V Misicnapoona naykoso —npakmuyna konghepenyis «Byoieni ma cnopyou cneyiaibno2o npusHavens:
cyuacnimamepianu ma xonempyxyiiy (14-16 mpasnsa 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Development of the State concept of the "Fortress-Country"

Artem Bilyk'?, Candidate of Technical Sciences, Associate Professor of the Department of steel
and timber structures, https://orcid.org/0000-0002-9219-920X;

Serhiy Bilyk?, Doctor of Technical Sciences, Professor of the Department of steel and timber
structures, https://orcid.org/0000-0001-8783-5892

Research Institute of the VR
Kyiv National University of Construction and Architecture

During wartime, protective structures gain particular importance, standing on par with air defense
systems and other protection measures. This represents a balance of time, resources, and the
protection of assets. Protective structures are classified into fortifications (used at the frontline), civil
defense structures (designed for the protection of the civilians), and engineering protective structures
(EPS) intended for securing critical national infrastructure objects (CNI). The new risks associated
with russia's full-scale invasion primarily arise from the use of aerial attack systems (AAS) and their
resulting damage factors - such as kamikaze drones, missiles, direct strikes, nearby explosions,
fragments, falling debris, fires, and more. "Fortress Country" is a concept developed by a group of
authors [1,2] during 2022-2023, focusing on EPS for protecting CNIs. It was further refined in 2023-
2025 and officially adopted through CMU Resolution No. 471 on April 26, 2024 [5]. This concept
includes requirements and standard construction solutions for three levels of EPS: 1. Indirect strikes
from drones and missiles; 2. Direct strikes from drones and indirect strikes from missiles; 3. Direct
missile strikes. The state is currently implementing this concept to protect CNIs. The designed EPS
have already demonstrated high protective efficiency. For example, the widespread application of
"Fortress Country" for protecting energy CNIs allowed Ukraine to endure the winter of 2024-2025
almost without blackouts. Level-1 structures, mainly gabion-based, provided an acceptable protection
level with minimal time and costs. Level-2 structures showcased high protective capabilities, saving
CNIs components from hundreds of direct drone strikes. Later, based on "Fortress Country", a
localized initiative called "Fortress City" [6] was introduced. Key directions for further improving
"Fortress Country" include the following perspectives: 1.-The widespread implementation of the
"Fortress Country" concept, expanding the range of objects across various sectors for both civilian
and industrial purposes. 2-Improvement of requirements for EPS due to advancements in enemy AAS
and their tactics. This includes new warheads (enhanced power, thermobaric, doublet, cluster,
additional damaging elements, impact cannonballs, shaped charges, improved fuses), increased strike
accuracy, a growing number of attacks, repeated attacks, and a frequency of attacks on civilian
objects.3-Development of design and calculation methodologies for EPS under the actions of AAS
[3]. 4.-Introduction of new classes of protective structures, protected spaces in residential and public
buildings, reinforcement of existing buildings with zero vitality, and the application of primary quick-
assembly shelters designed to withstand AAS. 5.-Equipping buildings with means for emergency
reinforcement and repair.

Additionally, it is necessary to implement programs for widespread population training in first aid,
self-rescue, and debris clearing, similar to the "White Helmets" program [https:/whitchelmets.org/].

1. Fundamentals of engineering protection of critical infrastructure facilities of the energy sector of Ukraine from
enemy air attack / M.Koval, V.Koval, A.Bilyk, V.Kotsiuruba, O. Kubrakov; ed. A.S. Bilyk. — K.: GS AFU, 2023 —
180 p.

2. Bilyk A., Kotsiuruba, V., Bzot, V., & Dzeverin, I. (2023). Protection of critical infrastructure facilities of Ukraine
from direct missile hits using underground location. Nuclear and Radiation Safety, Ne2(98), 69-79.

3. Ternovyy M. L, Bilyk A. S., Daurov M. K. A new research method for the dynamic properties of the steel roof
trusses using reducing bending rigidity and the shear deformation of the ideal i-beam model/ // Future of science:
innovations and perspectives. Proc.of the 3rd International scientific and practical conference. SSPG Sweden. 2025.
Pp. 69-72.

4. Resolution of the Cabinet of Ministers of Ukraine No. 471 of 26.4.2024 (Fortress Country)
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JlepeBrHa € BayKIIMBUM Oy/iBEJIbHUM MaTepialioM, SIKMH IIMPOKO BHKOPHUCTOBYETHCS 3aBJISKH
CBOIM YHIKJIBHHM BJIACTHBOCTSM. Y CydacHOMY OyIiBHHITBI 3pocTae morpeba y Marepiaiax,
3[aTHUX 3a0e3MedyBaTH BUCOKY HAIIHICTh Ta JOBrOBIYHICTh y CKJIAQJHUX yMOBAaX ekcInryaranii. Ile
CTHMYIIIOE PO3BUTOK HOBUX TEXHOIOTIH OOpPOOKM IEPEBUHH, 30KpeMa BUTOTOBICHHS KICEHHX Ta
TepexpecHo-KIIeeHuX aepeB’stHux enemeHTiB. Kieena nepeBuna (glulam) Ta mepexpecHo-KiIeeHa
nepesuna (CLT) Bce yacrilie po3riisigaloThes K ajbTepHaTHBaA OETOHY Ta cTamix [2, 3].

Mera JOCHI/DKeHb TIOJSrae y BHU3HAYEGHHI BIUIMBY THILYy JEpeBUHM Ha jaedopMarliiHi
XapaKTePUCTHKU OaJlOYHUX EJIEMCHTIB Ta OLIHII TOYHOCTI TCOPETHYHMX MOJENICH PO3PaXyHKY.
Jloclmi/UkeHHS. CIIPSIMOBAaHE Ha IIOPIBHAHHS CKCIEPHMEHTAIBHO OTPHMAHHX (Pi3UKO-MEXaHIYHUX
XapaKTePUCTHK OalloK 3 MACHBHOI, KIGEHOI Ta MEPeXpPECHO-KICEHOI JEPEeBHHH 3 TCOPETHYHUMU
po3paxyHkamu. [IpoBeeHO KOMIUIEKCHI €KCICpPUMEHTAlIbHI JOCHIDKeHHST aedopMaiiiitHux
XapaKTePUCTHK TPhOX BHIIB JIEPEB’IHUX KOHCTPYKLIHHUX MaTepiaiiB. EKkcriepuMeHTambHIN miaXig
BKJIIOYAB aHAJI3 3aJIeXHOCTEH MK 3yCHIUIIM 1 HMPOrMHOM, PO3paxoBaHO MojudikoBaHi Momyii
nepopmanii (Moxy:i nedopmaii 3 ypaxyBaHHSIM MOIYJIB gedopMaliii 3cyBy), a TaK0XK 100y I0BaHO
eKCIepHUMEHTaIIbHI Ipadiku nedopmarnii Ta Mogy B nedopMariil TOCIIHKYBaHHX eK3eMILLIpiB [1].
TeopernuHi po3paxyHku OyiaM BHKOHaHi y mporpamHoMmy Komiuiekci Dlubal RFEM 5. Jlns
iBUIICHHS JOCTOBIPHOCTI pe3yJIbTaTiB peali3oBaHO TPU BapiaHTH MoOJeNoBaHHs: 1D cTprkHEBi
KIHIIEBI €JIEMEHTH, TPUBUMIPHI KIiHIEBI €JIEMEHTH Ta TPUBUMIpPHI KiHIIEBI €IEMEHTH 3 ypaxyBaHHIM
HAIpsIMKY BOJIOKOH Jiamenield. OTpuMaHi pe3ysibTaTu BKa3yloTh Ha OuibLi gedopmalii nepexpecHo-
KJIEEHOI JIGPEBUHHU MOPIBHSIHO i3 MACHBHOIO Ta KJICEHOIO JEepeBHHON. KileeHa JepeBHHA MoKasana
CIIIBBITHOCHI PEe3yJIbTATH i3 MAaCHBHOIO JNepeBHHON0. IIopiBHAIbHUH aHami3 pe3ysbTaTiB MOKa3aB
BIJIMOBIIHICTH M)XK TEOPETUYHO PO3PAXOBAHUMH Ta CKCIICPUMEHTAIBHO BU3HAYCHUMHU 3HAYCHHIMU
MPOTHHIB, IO MiATBEPIKYE aeKBATHICTh 3aCTOCOBAHUX MO/JIENICH PO3PaxXyHKY.

Koxxen martepian (MacuBHa, KJe€Ha Ta MEPEXPECHO-KIECEHA JEPEBHUHA) JIEMOHCTPYE YHIKaJIbHI
nepeBary, Lo MiIKPEeCIIoe iX IPUAATHICTE AT KOHKPETHHX KOHCTPYKIIHHUX 3aCTOCYBaHb Ha OCHOBI
HAaBaHTAXKCHb 1 CKCIUTyaTallifHMX BUMOTI. XapaKTEePHCTUKH MOJENCH MarepiamiB, 3aKiajeHi y
MporpaMHOMY  3a0e€3IE4eHHi, KOPEKTHO  BiZOOpakaioTh  (DI3UKO-MEXaHIuHi  BIACTHBOCTI
JOCTIMIKyBaHUX THIIB IEPEBHUHHU. Y BHIAIKY NEPEXPECHO-KICEHOI JEPEBHHM BHABICHO JEsKi
BIJIXMJICHHSI MI)K TEOPETHYHUMHE Ta (PaKTHYHUMHE JTAaHUMH, 110 TIOB’s13aHO 31 CKJIATHOI0 aHi30TPOITHOO
CTPYKTYPOIO IIOTO KOMIIO3UTHOTO Marepialy. Y TOYHEHI 3aKOHOMIpPHOCTI JiepopMaTHBHOCTI BUIIB
JepB’siHUX BUPOOIB 3a IpUBEAEHUM MopyieM JedopMmaiii i KOHCTPYKTHBHHMH O3HaKaMH, LIO
MOXXYTb OyTU BUKOPHCTaHi IPH MOJEIIIOBAHHS KOHCTPYKI[IK OLIBIINX IPOJIBTIB.

1. BirtokoB JI., binuk C. (2025). BusnaueHHs Ta aHaNi3 (i3MKO-MEXaHIYHUX XapAKTEPHUCTHUK 0ajoK 3 MacHBHOI,
KJIEEHOT Ta IepexpecHo-KiIeeHo1 nepesuHu. [Ipoctoposuii po3surok: Haykouii 36apauk, Bum. 11,265-281. DOI:
10.32347/2786-7269.2025.11.265-281

2. Muxaiinoscbkuii , [I., Komap , M., Cxisiposa, T., bongapuyk, . B. (2024). 3actocyBanHs KJIGE€HOT Ta ONEPEYHO-
KJIEEHOT IEPEBUHM IIPU PEKOHCTPYKIIii Ta HOBOMY OyaiBHMITBI. byiBensHi koncTpykii. Teopis i mpakTuka, (15),
54-65. https://doi.org/10.32347/2522-4182.15.2024.54-65

3. Muxaiinoseskuii , 1., Komap , M., & Komap , O. (2024). AHnaii3 Hanpy)eHo-1e()OpPMOBAHOIO CTaHy ILIUT 3
MEPEXPECHO-KICEHOT JePEeBUHM MiJCHUICHUX KOMIIO3UTHUMHU cTpiukamu. byniBenbni koucrpykuii. Teopist i
npakruka, (14), 29-40. https://doi.org/10.32347/2522-4182.14.2024.29-40
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Timber is an important construction material that is widely used due to its unique properties:
environmental friendliness, affordability, aesthetic appeal, and high strength-to-weight ratio. In
modern construction, there is a growing need for materials capable of providing high reliability and
durability in difficult operating conditions. This stimulates the development of new wood processing
technologies, in particular the production of glued and cross-laminated timber elements. Glued
laminated timber (glulam) and cross-laminated timber (CLT) are increasingly being considered as an
alternative to concrete and steel [2, 3].

The purpose of the research is to determine the influence of the type of timber on the deformation
characteristics of beam elements and to assess the accuracy of theoretical calculation models. The
study is aimed at comparing experimentally obtained physical and mechanical properties of beams
made of massive, glulam and CLT with theoretical calculations.

Comprehensive experimental studies of the deformation characteristics of three types of wooden
structural materials were carried out: massive, glued laminated and cross-laminated timber. The
experimental approach included an analysis of the dependence between loading and deflection, the
modified deformation modulus were calculated (deformation modulus taking into account shear
modulus), and experimental graphs of deformations and deformation moduli of the studied specimens
were prepared [1]. Theoretical calculations were performed in the Dlubal RFEM 5 software. To
increase the reliability of the results, three modeling options were implemented: 1D finite elements,
3D finite elements and 3D finite elements taking into account the direction of the lamella fibers. The
obtained results indicate a reduced deformation resistance of CLT compared to massive and glulam
timber. Glued laminated timber showed comparable results with massive timber. Comparative
analysis of the results showed the correspondence between the theoretically calculated and
experimentally determined deflection values, which confirms the adequacy of the applied calculation
models.

Each material (massive, glulam and CLT) demonstrates unique advantages, which emphasizes
their suitability for specific structural applications based on loads and operational requirements. The
characteristics of the material models correctly reflect the physical and mechanical properties of the
studied timber types. In the case of cross-laminated timber, some deviations between the theoretical
and actual data were found, which is associated with the complex anisotropic structure of this
composite material.

The regularities of deformability of types of studied timber materials according to the modified
deformation modulus and structural features that can be applied in larger span structures modeling
have been specified.

1. Bitiukov D., Bilyk S. (2025). Vyznachennia ta analiz fizyko-mekhanichnykh kharakterystyk balok z masyvnoi,
kleienoi ta perekhresno-kleienoi derevyny. Prostorovyi rozvytok: Naukovyi zbirnyk, Vyp. 11, 265-281. DOIL:
10.32347/2786-7269.2025.11.265-281

2. Mykhailovskyi , D., Komar , M., Skliarova, T., Bondarchuk, . B. (2024). Zastosuvannia kleienoi ta poperechno-
kleienoi derevyny pry rekonstruktsii ta novomu budivnytstvi. Budivelni konstruktsii. Teoriia i praktyka, (15), 54—
65. https://doi.org/10.32347/2522-4182.15.2024.54-65

3. Mykhailovskyi , D., Komar , M., & Komar , O. (2024). Analiz napruzheno-deformovanoho stanu plyt z
perekhresno-kleienoi derevyny pidsylenykh kompozytnymy strichkamy. Budivelni konstruktsii. Teoriia i
praktyka, (14), 29—40. https://doi.org/10.32347/2522-4182.14.2024.29-40
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B Vkpaini, sk i B IHIIUX KpaiHaX, aKTyaJlbHUM € PO3BUTOK 1 BHUKOPHCTaHHS €(EKTUBHHUX
MIBUKO30IpHUX KOHCTPYKIUiH. BiifHa mpu 1poMy Hakiamae CBiif BiZOMTOK Ha BCIO OyZiBEIbHY
ramy3p. | mporsarom BiliHW, 1 y MICISBOEHHMI 4Yac OO KOHCTPYKWiil B Ykpaini Temep OynayTh
BHUCYBAaTHCSl IIJBUIICHI BHMOTHM WIOAO CTIMKOCTI 10 aBapifHUX CHUTyaliii 3 BIANOBIIHUMH
eMi30JMYHUMHU HAaBAHTAKCHHSIMH Ta )KUBYYOCTI (3a1100IraHHIO IIPOrpecyouoro pyHHyBaHH).

CaiToBa npakTHKa OyAiBHUITBA BU3HAUMIIA 3aCTOCYBAHHS CTalle3a1i300eTOHHUX 1 KOMOIHOBaHUX
KOHCTPYKIIIT y MEPEKPUTTAX OJHUM 3 Hale(PEKTUBHILIMX KOHCTPYKTUBIB. 3aBSIKHU Psily IPUIIOMIB B
HUX MOJKHA JIOCSTTH BHCOKHX MOKa3HHKIB BHKOPHCTAaHHS 1 eKOHOMIi MarepiamiB. [lepemik mmx
MPUHOMIB TaKOK TIEBHUM YHHOM JI03BOJISIE BIACIIIKYBATH E€BOJIOIIIF0 1HKCHEPHOT TyMKH.

Ty KOHCTPYKIiH, MO PO3TIANAETHCS, IPUBHOCHTD JOAATKOBI OKPAIICHHS:

- 301IIBIIICHHST )KOPCTKOCTI 1 HeCyuoi 3/1aTHOCTI Oe3 301JIbLICHHS Baru 3a paxyHOK repdopariii;

- IOBHICTIO 30ipHAa KOHCTpPYKLIis (cTaneBi Oanku i 30ipHi 3a)1i300€TOHHI IUIUTH);

- MOXKJIMBICTB IIPOITYCKY KOMYHIKaLill y cTBOpi 0aJlok;

- €CTEeTUYHMI 30BHIIIHINA BUTIIS] 3 KPYTIIMMU nepdopariisiMu.

IToBHa 30ipHICTh KOHCTPYKIIi € BEIMKOIO mepeBarorw. Haxanp A0CBiJ BiiCBKOBUX il TOKa3aB
HACKUIbKU KPYIHOMAHENbHI PaJsSHChKI OyHiBII € Bpa3iMBUMH 1 CXMJIBHHMH IO MPOTPECYHYHX
py#inyBanb. Hanmani Oyzap-sika MOBHICTIO 30ipHa TEXHOJOTIS Mae i Oyne HaiOIIbII MPUCKIIUIMBO 3
MOMIK 1HIIUX PO3IIISAATUCS 3 TOYKH 30pY OLIHKU KMBYYOCTI.

HasBHI HOpMaTuBHI JOKyMeHTH [l, 2] naloTh oOkpemi cleHapii BH3HAUCHHX aBapiiHUX
HAaBaHTAXCHb, SKi YaCTO HE BiJNOBINAIOTH CHOTOYaCHUM peallisM YKpaiHu, a00 BUMOTH 3arajlbHOI
0araTo3Bs3HOCTI KOHCTPYKILIT UL IPOTH/IT HEBU3HAUCHHUM aBapiifHuM curyarism. Tomy HeoOXinHa
PO3po0OKa aJIeKBaTHUX METOJUK BH3HAYCHHS i MOJCITIOBAHHS yIapHO-BHOYXOBHX BIUIMBIB 33JaHOl
MOTY>KHOCTI, PEKOMEHIAIIi# 1110/10 ONITHMi3aIlil KOHCTPYKTUBY, 3MEHIIICHHS IPOJIBOTIB 1 KPOKY Oalok
nepekputTs. HasBHI METOIMKM BU3HAUYCHHS BUOYXOBHX BILUIHBIB [3,4] PU HEBEIMKKX BiJCTAHSIX J10
00’ekTy (MpsIMOMY BIIyYaHHI) JatOTh 3aBUIICHI 3HAUYCHHS HABAaHTa)KEHb, 1110 JI03BOJISIE BECTH MOBY
TIIBKU TIPO OOMEKEHHS PYyHHYBaHb, a HE HEIOIYIIEHHS PyifHYBaHHS. 3BICHO SIKIIIO HE BECTH MOBY
mpo GaraTopiBHEBi KOHCprKL[i'l' Jie 30BHINIHS 3axWINae BHYTpilHIO. HaliOiursmn peaHiCTI/I'-IHi
Pe3YIIBTATH AI0Th JieTalbHI MOZEII 3 663nocepe):[H1M MOJICIIIOBaHHAM BHOYX0BOI PEYOBUHH 1 yIapy
tBepauM Tinom [5]. Ix mpo6nema B 3amanTo Benukii pr]loeMHOCTl 1 HeoOXinHOCTI crienupiyHIX
IporpaMHUX KoMIUIeKciB (Ansys, Abaqus Tomo). ToMmy Ha MeTi € alpoKCHMAaLList IeTAIBHIX MOZEICH
y IPHKIAJHY METOAUKY MOJIETIOBAHHS yIapHO-BUOYXOBHX BIUIMBIB 3a/1aHOT OTY)KHOCTI.

1. ICTY-H B EN 1991-1-7 €spokoxn 1: Jlii Ha koHctpykuii. Yactuna 1-7: 3aranpui aii. OcoGauBi auHamivHi
BIUTMBH. — HagaHo uynHHOCTI 01.07.2013. — Kuis: Minperion Ykpainu, 2013. — 100 c.

2. JIBH B.1.2-4:2019 ImkeHepHO-TEXHi4HI 3aX0/¥ [UBLILHOrO 3aXUcTy. — HagaHo dnHHocTi 01.08.2019. — Kuis:
Minperion Ykpainu, 2019. — 28 c.

3. UFC 3-340-02 Structures to resist the effects of accidental explosions. — Release 05.12.2008. — United States:
Department of Defense, Unified Facilities Criteria, 2008. — 1943 c. https://doi.org/10.1061/41171(401)127

4. OcCHOBHM IHXXEHEPHOTO 3aXMCTy 00’€KTiB KpUTHYHOI iHPPACTPYyKTypH eHepreTUUHOI ramy3si YKpainu Big 3acobis
MOBITPSHOTO Hamaxy npoTuBHKKa: MoHorpadis, / [M.B. Kosais, B.B. Kosaib, A.C. Binuk, B.I. Komtopy6a, O.M.
Ky6pakos]; mix pex. A.C.bimuka. — K.: I'enepansanii mrab 3CY, 2023. - 185 c.

5. Zhang, C., Gholipour, G., Mousavi, A.A. Nonlinear dynamic behaviour of simply-supported RC beams subjected
to combined impact-blast loading. — Engineering Structures, 2019, Vol. 181, c. 124-142.
https://doi.org/10.1016/j.engstruct.2018.12.014
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In Ukraine, same as in other countries, development and implementation of efficient prefabricated
structures remain highly relevant. Although war has left its mark on the entire construction industry.
Both during wartime and in the postwar period, structures in Ukraine will face increasingly strict
requirements for resistance to accidental situations with corresponding episodic loads and for
structural robustness (preventing progressive collapse).

Construction practice worldwide have shown composite and hybrid structures used in floor
systems to be among the most efficient designs. A range of engineering solutions allows for high
performance and material efficiency in these systems. List of this solutions also reflects the evolution
of engineering thought. Considered type of structure provides additional advantages:

- Increased stiffness and load-bearing capacity without increasing weight by using castellated
beams;

- Fully prefabricated structure (steel beams and precast reinforced concrete slabs);

- Allowing to pass installations through the beam web openings;

- Aesthetic appearance due to the circular web openings.

Complete prefabrication is a significant advantage. Unfortunately, experience of military actions
has shown how vulnerable and subjected to progressive collapse Soviet-era large-panel buildings are.
Going further any fully prefabricated technology should and will be subject to especially strict
considerations in terms of assessing robustness.

Existing regulatory documents [1, 2] provide specific scenarios of defined accidental loads that
often do not reflect current realities in Ukraine, or provide general tying requirements for the structure
to resist indefinite accidental situations. Therefore, it is necessary to develop appropriate methods of
determining and modelling impact-blast actions of a curtain magnitude, as well as recommendations
on structural optimization, reduction of spans, and spacing of floor beams. Existing determinations
of blast loads [3, 4], especially at small distances to the object (direct hit), often result in overestimated
load values, which allows only to consider collapse limitation rather than its prevention. Of course,
this does not apply to multi-layered structures where external layer protects internal one. The most
realistic results are obtained from detailed models that directly simulate explosives and impact by a
rigid body [5]. Their downside is that they are time consuming and require specialized software
(Ansys, Abaqus, etc.). Thus, the goal is to approximate these detailed models into an applied
methodology for modelling impact-blast actions of curtain magnitude.

—

. DSTU-N B EN 1991-1-7 Eurocode 1: Actions on structures. Part 1-7: General actions. Accidental actions. — In
force since 01.07.2013. — Kyiv: Minregion of Ukraine, 2013. — 100 p.

. DBN B.1.2-4:2019 Civil protection engineering and technical measures. — In force since 01.08.2019. — Kyiv:
Minregion of Ukraine, 2019. — 28 p.

. UFC 3-340-02 Structures to resist the effects of accidental explosions. — Release 05.12.2008. — United States:
Department of Defense, Unified Facilities Criteria, 2008. — 1943 p. https://doi.org/10.1061/41171(401)127

. Fundamentals of Ukrainian energy sector critical infrastructure engineering protection from enemy air attacks:
monograph / [M.V. Koval, V.V. Koval, A.S. Bilyk, V.I. Kotsiuruba, O.M. Kubrakov]; edited by A.S. Bilyk. —
Kyiv: General Staff of the AFU, 2023. — 185 p.

. Zhang, C., Gholipour, G., Mousavi, A.A. Nonlinear dynamic behaviour of simply-supported RC beams subjected
to combined impact-blast loading. — Engineering Structures, 2019, Vol. 181, pp. 124-142.
https://doi.org/10.1016/j.engstruct.2018.12.014
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3anpoBa/pkeHHS B YKpaiHi eBporelicbkux Oynisensaux HopM JJCTY-H B EN €Bpokon BuMarae
HiArOTOBKY KBali(hikoBaHUX (DaxiBI[iB, 3MaTHHUX 3aCTOCOBYBATH iX y CBOIH poOOTi. 3 aHANi3y HOpPM
JCTVY-H b EN [1] BusiBIICHO, IO B IPAKTULI €BPONEHCHKUX KPAiH iCHY€ PsiJ ACTAIbHO OINMCAHUX
PO3paxyHKOBHUX METO/IB, SIKI J03BOJISIFOTH OUIBII JIETaJbHO CIIPOrHO3YBaTH POOOTY CTajIeBUX
KOHCTpYKIIIH, 30KpeMa uepe3 BpaxyBaHHS >KOPCTKOCTI BY3IiB. AKTYyalbHICTh 3aCTOCYBaHHS
KOMIT FOTEPHUX METO/IIB ITPU PO3PaXyHKY CTaJeBUX KOHCTPYKIIii puBeeHa B poOoTi [2].

ByniBast siBisie cO000 ABOXMIPOJIITHY paMHY KOHCTPYKIIiO 3 posibotamMu 24m i 30M Ta BUCOTOHO
KostoH 13.5M 1 16.5M BiAMOBIIHO, 3 KPOKOM KOJIOH 6M T10 30BHILIHIM OCsIM 1 12M 10 BHYTpIIIIHIH OCi.
VY SKOCTI KOHCTPYKIUIi IOKPUTTS NPUHHATI GepMH 3 THYTO3aMKHEHHUX NPO(iIiB 3 KPOKOM 6M Ta
MIiJKPOKB’SIHI ()epMH O BHYTPIIIHBOMY psifly KOJOH JAOBXMHOIO 12M. BankoBe mnepekpurts
BJIAIITOBAHO HA BiAMITLI 6.0M B 000X NPOILOTAX Ta CKIAAAETHCS 3 TOJOBHUX 1 IPYropsiiHUX Oanok
JIBOTaBPOBOT'O IEpepi3y IO SKUX BIAILTOBYEThCS 3ali300eTOHHA IUIMTA. [IpoCTOpOBa KOPCTKICTH
OyaiBIIl B ITO3/I0BKHBOMY HAIPSIMKY 3a0€3Me4y€eThCs CHCTEMOIO B’SI3iB 110 KOJIOHAM Ta CHCTEMOIO
B’sI31B B MEKaX BHCOTH (epM.

Po3paxynkoBa cxema 3monenboBaHa B [IK «Robot Structures». IlpukianeHi HaBaHTa)KeHHs
BJIACHOT BaTH, TIOCTiiHi Ha elleMEHTH TIPOTOHiB Ta 6aTOK HACTHITY, KOpHCHe HapaHTaxkeHHS 200 Kr/M’
Ha IIePEeKPUTTS (Ha TIOYaTKOBOMY €Talli), CHITOBI Ta BITPOBI HABAHTAXKEHHS, OTPIMAHO PO3PAaXyHKOBI
3yCHJULL Ta IMifiOpaHi mepepisu eleMeHTIB.

Ha nactynHomy erarmi, 3a pe3ysibTaTaMM OTPUMaHUX 3yCHIIb Ta MiJiOpaHUX Iepepisis, By3iH
NPUMHUKaHHS TOJOBHUX Oanok no kojioH Oymu 3mozenwvoBani B IIK «lIdeaStaticay juis BapianTis
LIAPHIPHOTO Ta )KOPCTKOTO MPUMHUKAHHS T'OJIOBHUX 0ajloK. 3a pe3ysibTaTaMu IPOBECHOr0 aHai3y,
OyJI0 BH3HAUCHO MOPCTKICTh BY31iB. 30KpeMa, OTPHMAHO JdiarpaMy MOMEHT-KYT IOBOPOTY 1
TaOJIMYHI 3HAYCHHs HEOOXiAHMX mapamerpiB. Ha OCHOBI IaHOT KpHBOI Ta BUOPAHOTO CTaHAAPTY
3’eqHaHHA OyJI0 IPU3HAYCHO KIIAC By3Ja: MIAPHIPHHM, )KOPCTKHUM, HamiBKOPCTKUH. i sKicHOro
aHAJI3y JXOPCTKOCTI BY3IIB 3aJalOTbCA IIApaMETPH TEOPETHYHOI [OBXKHUHU CJIEMCHTIB, Mif0di
HABAHTA)KCHHS B IUIONIMHI BU3HAYCHHS )KOPCTKOCTI, HapaMeTpH po3KpiruieHHs. HaBaHTa)keHHS Mae
OyTH IIPUKIIAZICHO TUIBKH O eJIEMEHTa 10 aHAJI3y€eThCs. SIKINO 3alaHO 3STHHAIBHINH MOMEHT My, TO
QHAJI3Y€ETHCS KPYTHIbHA JKOPCTKICTH HABKOJIO OCI y; IIPU 3aJJaHOMY 3THHAIFHOMY MOMEHTI Mz,
aHaJI3yEThCsl KPYTHIIbHA YKOPCTKICTh HABKOJIO OCi Z; MpH 3aJaHiil ochboBii cuimi N, aHamIi3yeTbes
0ChOBa KOPCTKICTh 3’ eiHanHs. [Ipu 1ibomy, TTK «IdeaStaticay» 103Bos1sI€ 0OTHOYACHE IPUKIIA/ICHHS [I0
elIeMEHTa IO3JOBXKHIX, IIONEPEYHMX, 3TMHAIBHUX Ta KPYTHUX 3yCWIb. I'paHMYHa BeIMYHHA
nedopmariii BU3HAYAETHCS Y TOUIL, B SIKii JOCSTAE€THCS OJJHA 3 TAKUX YMOB:

- JIOCSITHEHHS PO3PaxyHKOBOTO Omopy 0onTa abo aHKepa mpu po3Tssi, 3cyBi abo cymicHOT
Jii po3TATY Ta 3CYBY;

- JOCSATHEHHS PO3PaxXyHKOBOT'O OIIOPY 3BapHOTrO IIIBa;

- JOCsATHEHHs 15 % BeJMYMHHM IUIACTUYHUX Je(opMaliii B eJIeMEHTax ITaCTHH.

1. ICTY-H b EN 1993-1-8 €ppokon 3: IIpoekTyBaHHS cTaneBuX KOHCTpykmid. Yactuma 1-8: IlpoextyBanHHs
3’€HaHb. — HagaHo unHHOCTI 30.12.2011. — Kui: MinperionOyn Ykpaiuu, 2013. — 203 c.

2. Anmamenko, B. (2022). Po3BHTOK METOMiB PO3paxyHKy i KOHCTPYIOBAHHs CTaleBUX OyaiBedb i CIOPYZ: BiX
EitdeneBoi Bexi 1o HarionanmsHOro cramioHy CiHTamypchbKOro CIIOPTUBHOTO KoMIUlekcy. byniBenbHi
koHctpykuii. Teopist i nmpakruka, (11), 32-43. DOI: https://doi.org/10.32347/2522-4182.11.2022.32-43
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The introduction of European building standards DSTU-N B EN Eurocode in Ukraine requires the
preparation of qualified specialists capable of applying these standards in their work. An analysis of
the DSTU-N B EN standards [1] has revealed that in European practice, there are a number of well-
described analysis methods that allow for a more detailed prediction of the behavior of steel
structures, particularly through the consideration of joint stiffness. The relevance of applying
computer-based methods in the analysis of steel structures is discussed in work [2].

The building is a two-span frame structure with spans of 24 m and 30 m and column heights of
13.5m and 16.5 m, respectively, with a column spacing of 6 m along the outer axes and 12 m along
the inner axis. The roof structure consists of trusses made of cold-formed closed profiles spaced at
6 m, and sub-rafter trusses along the internal row of columns with a length of 12 m. A beam floor
system is arranged at an elevation of 6.0 m in both spans and consists of primary and secondary I-
beams supporting a reinforced concrete slab. The spatial rigidity of the building in the longitudinal
direction is provided by a bracing system along the columns and within the height of the trusses.

The structural model was created in the software ‘Robot Structures’. Loads applied include self-
weight, permanent loads on purlins and decking beam elements, a live load of 200 kg/m? on the floor
(at the initial stage), as well as snow and wind loads. Design internal forces were obtained, and cross-
sections of the elements were selected accordingly.

At the next stage, based on the obtained internal forces and selected cross-sections, the connections
between the main beams and columns were modeled in the ‘IdeaStatica’ software for both pinned and
rigid connection scenarios. As a result of the analysis, the stiffness of the joints was determined. In
particular, a moment—rotation diagram and tabular values of the required parameters were obtained.
Based on this curve and the selected connection standard, the joint was classified as pinned, rigid, or
semi-rigid.

For accurate stiffness analysis of the joints, parameters such as theoretical member lengths, acting
loads in the stiffness analysis plane, and bracing conditions are specified. The load must be applied
only to the element being analyzed. If a bending moment My is applied, the rotational stiffness around
the y-axis is analyzed; for a bending moment Mz, the rotational stiffness around the z-axis is analyzed,
for an axial force N, the axial stiffness of the joint is analyzed. The ‘IdeaStatica’ software allows
simultaneous application of axial, transverse, bending, and torsional forces to the element.

The ultimate deformation value is determined at the point where one of the following conditions
is met:

- the design resistance of a bolt or anchor in tension, shear, or combined tension and shear is
reached;

- the design resistance of a weld is reached;

- 15% plastic strain is reached in the plate elements.

1. DSTU-N B EN 1993-1-8 Eurocode 3: Design of steel structures. Part 1-8: Design of connections. — entered into
force on 30.12.2011. — Kyiv: Minregionalbud of Ukraine, 2013. — 203 p.

2. Adamenko, V. . (2022). Development of calculation and detailing methods of steel buildings: from the Eiffel Tower
to the National Stadium of Singapore Sports HUB. Building Constructions. Theory and Practice, (11), 32-43. DOI:
https://doi.org/10.32347/2522-4182.11.2022.32-43
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Meta HOCHUKCHHS — aHaNi3 Ta CHCTeMarusalis nociny Buxopucranas I[IK SCAD mpu
MPOEKTYBAHHI CIIOPY/I OABIHHOTO MPU3HAYCHHS.

AKTyalbHICTh JJOCII/DKEHHSI 3yMOBJIEHa 10Tpedoto y OyaiBHULTBI Ta MOJEpHi3alii 3aXHCHUX
CIIOpYJ, 30KpeMa CIOpyH IOJBIHHOrO NpH3HA4YEHHS, B yMOBax pociiicekoi arpecii. Edexrusne
BUKOPUCTAHHS 4YHCEIbHUX MNpOrpaMHUX KomiutekciB, Takux sik SCAD Office, moxe 3Ha4HO
OITUMI3yBaTH MPOLEC NPOEKTYBAHHS, MiIBUILUTH TOYHICTb PO3PAXYHKIB Ta HaNIHHICTh TPUHHATHX
MPOEKTHUX PillICHb.

Jlns  po3risay TpencTaBieHl  Bapialii  YMCENBHOTO MOJEGIOBAHHS CIHOpPYH TOJABIHHOTO
NPU3HAYEHHS, 0 BUKOHYBAJIOCh B INPOCTOPOBiil mocraHoBmi 3 BukopucraHuaMm I[1IK «SCAD»
0e3Tai3 ypaxyBaHHsAM (I3MYHOI Ta TeOMETPUYHOI HENiHIHHOCTI. BigmoBigHO 10 BUMOT
JBH B.2.2-5:2023 naBaHTa)XeHHA Bij Aii ymapHOi BHOYX0BOI XBHIII peanizoBaHe KBa3iCTaTHYHHM
merozioM. IIpuKiganum CKiHYEHHO-€IEMEHTHOTO MOJETIOBAHHA PIi3HHX CIOPYH HOJABIHHOrO
NpU3HAYEHHs HaBeJeH1 Ha puc. 1.

Puc.1 — IIpukiaan CKiHUCHHO-EIEMEHTHUX MOJIeNieii cropya nosiiinoro npusnavenns B [IK SCAD

KOHCTPYKTHBHI CXeMH TPHUBEICHUX MoOJIeleil — HENOBHUII Kapkac. BHyTpimiHi BepTHKalbHI
Hecy4l KOHCTPYKIi — KOJIOHH 3aii300€TOHHI MOHOJITHI KBaApaTHOTO Ta KPYyIJIOro Iepepisy,
30BHIIIHI BEPTUKAIbHI KOHCTPYKUil — cTinu 3 minacTpamu. CiTka BepTUKAIBHUX KOHCTPYKLIH
6x7x5M Ta 6x6 M. ['opu3oHTanbHI Hecydi KOHCTPYKIIi — IUIMTH 3ali300€TOHHA MOHOJITHA 3
KariTeJsIMUA Ha KOJIOHaxX. MiHIMasIbHi TOBIIMHM 30BHIIIHIX OrOPO/IKYBaIbHIX KOHCTPYKIIii (CTIH Ta
T nepekputtsi) — 400 mm. Kitac 6erony C25/30, apmyBaHHS i3 B'si3aHOI apMaTypH JliaMeTpoM
He MeHme 12 mm A500C.

Jocin Buxopuctanus [IK SCAD mnpu mnpoekTyBaHHI CHOpPYJ MOJBITHOrO NpPU3HAYCHHS
JIEMOHCTPY€ 3HAUHMI MOTEHLIaNl JUlsl MiABUIICHHS e(QEeKTHBHOCTI Ta SKOCTI HPOEKTHHUX POOIT.
TIporpaMHuii KOMIUIEKC HaJa€ MOTYXHI IHCTPYMEHTH Ui MOJICIIOBAHHS Ta aHaNi3y CKJIAIHUX
KOHCTPYKTHBHHX CHCTEM, J03BOJISIE BPAXOBYBATH CIICHU(IYHI HABAHTAKEHHS Ta J0J[ATKOBI BUMOTH
TIPY POEKTYBAHHI.

1.3axucHi cnopyau uuBinbHOrO 3axucty i3 3minamu Ne 1 Ta Ne2: JIBH B.2.2-5:2023 (2023) [Unnnuii Big 2023.11.01].
K.: MinicTepcTBO pO3BUTKY TPOMaJI, TEPUTOPIii Ta iHppacTpyKTypn YKpaiHu.
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The purpose of the study is to analyse and systematise the experience of using SCAD software in
the design of dual-purpose structures.

The relevance of the study is due to the need for the construction and modernisation of defence
structures, including dual-purpose structures, in the context of Russian aggression. The effective use
of numerical software systems, such as SCAD Office, can significantly optimise the design process,
increase the accuracy of calculations and the reliability of design decisions.

For consideration, variations of numerical modelling of dual-purpose structures are presented,
which was performed in a spatial setting using SCAD software without and with consideration of
physical and geometric nonlinearity. In accordance with the requirements of DBN B.2.2-5:2023,
the load from the blast wave was implemented by the quasi-static method. Examples of finite element
modelling of various dual-purpose structures are shown in Fig. 1.

Fig. 1 - Examples of finite element models of dual-purpose structures in SCAD software

Structural schemes of the above models are incomplete frames. Internal vertical load-bearing
structures are reinforced concrete monolithic columns of square and round cross-section, external
vertical structures are walls with pilasters. The grid of vertical structures is 6x7x5 m and 6x6 m. The
horizontal load-bearing structures are monolithic reinforced concrete slabs with column capitals. The
minimum thickness of the external envelope structures (walls and floor slabs) is 400 mm. Concrete
class C25/30, reinforcement of knitted reinforcement with a diameter of at least 12 mm A500C.

The experience of using SCAD software in the design of dual-purpose structures demonstrates
significant potential for improving the efficiency and quality of design work. The software package
provides powerful tools for modelling and analysing complex structural systems, and allows taking
into account specific loads and additional requirements in the design process.

1.Zakhysni sporudy tsyvilnoho zakhystu iz Zminamy Ne 1 ta Ne2: DBNV.2.2-5:2023 (2023) [Chynnyi vid
2023.11.01]. K.: Ministerstvo rozvytku hromad, terytorii ta infrastruktury Ukrainy. (in Ukrainian).
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Kuiscoruil nayionanohuil ynieepcumem 6yoienuymea i apximexmypu (m. Kuig)

VYV cywyacHHX yMOBax pPO3BHUTKY OyaAiBeNbHOI raimy3i B YKpaiHi CIOCTEpIra€ThCs ITiJIBUILCHUI
iHTEpeC 10 3aCTOCYBAHHS IMOINEPEIHBO HANPYKEHUX KaHaTiB. KpiM TOro, 3 Ooriisity Ha 3pocTaidy
notpely y BiTHOBJICHHI Ta IMiICHJICHHI ICHYFOUUX CIOPY/I, 3yMOBIICHY BOEHHUMH JIISIMU Ta CTApiHHIM
iH(pPACTPYKTYypH, MONEPETHE HANPYKEHHS CTa€ OCOOJIMBO aKTyalIbHUM 1 ITUPOKO BIIPOBAKYETHCS
B Oy/IiBeIIbHY MPAKTUKY.

Mera nocnijpkeHHS — po3poOKa METOIMKH EKCIEPUMEHTAIBHOTO JOCIHIDKCHHS ITiJICHICHHS
MOHOJIITHUX 3aJ11300€TOHHMX KOHCTPYKIIIH 3 BUKOPHCTAHHSM ITONEPETHBO HAMPYKEHUX apMATyPHUX
kaHatiB. J{ist BUpoOyBaHHsS OyJio BUTOTOBICHO 2 cepii Oanok: 1 cepis — Oanku 6e3 HarpyKeHHs
(muBuCH puc. 1), 2 cepis — OalKy 3 HAIPYKEHUMU KaHATaMU (JUBHCH PHC. 2)
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Puc.2 - KoHCTpyKTHBHA cXeMa 3aJ1i300eTOHHOT ATk, 1110
MACHICHA MONCPEAHBO HATIPYIKCHUM apMaTypPHUM
KaHaToOM

Jlanuii eran BUNpoOyBaHHS € MEPLIMM €TaroM eKCIIEPUMEHTAIbHUX JOCTIUKeHb CIPSIMOBAHUI
HA BUBYEHHS POOOTH OJHOIPOJITHUX 3aJi300€TOHHMX OaloK, sKi MiJCHIEHO IIONEePeIHbO
HAIpy>KCHUMH apMaTypPHUMH KaHATaMHU Ha JI10 30CePEIKEHOT CHITH.

OCHOBHa MeTa 1IbOT0 €TaIy IOJISIrae y MepeBipili MOKIMBOCTI BUKOHAHHS EKCIIEPUMEHTAIbHUX
JIOCITIJKeHb, 30KpeMa Y BUIPOOyBaHHI 00paHOi METOIUKH, OLIHII ii e()eKTHBHOCTI Ta BU3HAYCHHI
TEXHIYHHUX 1 OpraHi3alliiHIX aCMeKTiB, HEOOXIIHUX TS MOJANBIINX POOIT. PesynbTaT, oTpumani Ha
upoMy eTami, (OpPMYIOTh HayKoBO OOIpyHTOBaHy 0a3y [uisi pO3pOOKH Jpyroro erarmy
EKCIIePUMEHTAIbHUX BUIIPOOYBaHb.

Jlis  Ganmoxk mepmoro eramy 3actocoBaHo Oeron kimacy C 20/25. Jlng  apmyBaHHS
BUKOPUCTOBYEThCs apMaTypa @10 A500C.Ins Hanpy»KeHHs 3aCTOCOBYIOThCS KaHaTH D15,7 MM.

TTiciiss BUKOHAHHS €KCIIEPUMEHTAIBHUX JIOCII/KEHB, 38 JaHOK METOMKOI0, Oye po3po0IieHo Ta
YIOCKOHAJICHO IPYTHUil eTal J0CIiIKSHHS.

Puc.1 — KoHcTpyKTHBHA cXeMa 3ai1i300€TOHHOT 6aikn
6e3 mifcuiIeHHs

1. Cmopkanos J.B., 3arumok I'.A., Bunokyp B.C. TlizcuieHHS MOHOJITHHX 3aniz00eToHHHX KOHCTpyKIi 3
BHUKOPHUTAHHSM TonepesiHbo HarpykeHux apMaTypHux kaHaTiB. / CydacHi TeXHOJIOTi Ta METOH PO3PAXYHKIB y
OyniBuunrsi. Jyusk, JIHTY. 2024, Bunyck 21, C. 224-234. DOI: https://doi.org/10.36910/6775-2410-6208-2024-
11(21)-24

2. Cmopkainos JI.B. Bunokyp B.C. MeToauku po3paxyHKy MOHOJITHHX 3a/1i300€ TOHHUX KOHCTPYKIIH 3 monepeHiM
HANPYKCHHSM apMatypHux kanari// 30ipuuk Hayk.npaub «bynaiBensni xoucrpykuii. Teopist i mpakrukay.
KHVYBA.- Bun.12, 2023p. C. 73-83 https://doi.org/10.32347/2522-4182.12.2023.73-83.
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Methodology for conducting experimental studies of strengthening
monolithic reinforced concrete structures using prestressed reinforcing 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 ;
Volodymyr. Vynokur, postgraduate student of the Department of Reinforced Concrete and
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Kyiv National University of Construction and Architecture

In the current conditions of the development of the construction industry in Ukraine, there is an
increased interest in the use of prestressed cables. In addition, given the growing need for restoration
and reinforcement of existing structures, caused by military operations and aging infrastructure,
prestressing is becoming especially relevant and is widely introduced into construction practice.

The purpose of the study is to develop a methodology for experimental research into the
reinforcement of monolithic reinforced concrete structures using prestressed reinforcing cables. 2
series of beams were manufactured for testing: 1 series - beams without tension (see Fig. 1), 2 series
- beams with tensioned cables (see Fig. 2)
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Fig. 1 — Structural diagram of a reinforced concrete Fig. 2 - Structural diagram of a reinforced concrete beam
beam without reinforcement reinforced with prestressed reinforcing wire

This stage of testing is the first stage of experimental research aimed at studying the operation of
single-span reinforced concrete beams, which are reinforced with pre-stressed reinforcing ropes under
the action of concentrated force.

The main goal of this stage is to verify the feasibility of conducting experimental research, in
particular, to test the selected methodology, assess its effectiveness, and identify technical and
organizational aspects necessary for further work. The results obtained at this stage form a
scientifically sound basis for the development of the second stage of experimental testing.

For the beams of the first stage, concrete of class C 20/25 was used. For reinforcement, @10 A500C
reinforcement is used. For tensioning, @15.7 mm ropes are used.

After conducting experimental studies, the second stage of the study will be developed and
improved using this methodology.

1. Smorkalov D.V., Zatylyuk G.A., Vynokur V.S. Reinforcement of monolithic reinforced concrete structures using
prestressed reinforcing ropes. // Modern technologies and calculation methods in construction. Lutsk, LNTU. 2024,
Issue 21, pp. 224-234.
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-24

2. Smorkalov D.V. Vynokur V.S. Methods of calculation of monolithic reinforced concrete structures with
prestressing of reinforcing ropes//"Building structures. Theory and practice. KNUBA.- issue 12, 2023. P. 73-83
https://doi.org/10.32347/2522-4182.12.2023.73-83.
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Kuiscokuii nayionansnuil ynisepcumem o6yoienuymea i apximexkmypu (m. Kuis)

JlocnipkeHHsT CTIHKOCTI TOHKUX OOOJIOHOK € BaXKIIMBHM eJIeMEHTOM Hecydoi 3mpatHocTi. [Ipu
PO3paxyHKy OyIb-IKUX OyIiBeIbHUX KOHCTPYKIliH BUKOPUCTOBYIOThCS [[BA TPAHUYHKX CTaHH. 3a [
IPaHUYHAM CTaHOM JIOCHIKYEThCS MILHICTH Ta CTilKicTh OyjiBenbHOl KoHCTpykiil. 3a I
IPaHUYHAM CTaHOM JOCIIJUKYEThCS HMPOTHHH Ta TPIMHOCTIMKICTH OyiBenbHOI KOHCTpyKuii. B
JTAHOMY JIOCII/DKCHHI BUKOPHCTOBYETHCS TCOMETPHYHA HETIHIHHICTh, IO Ja€ MOXKJIHUBICTH
BpaxyBaHHS JiMCHUX HANpPYKeHb Ta MepeMillieHb 1151 000JIOHOK MiHIMaJIbHUX MTOBEPXOHb [1].

OO00JI0HKH MIHIMAJIBHHUX TTOBEPXOHb, SIK OKpeMHUil BUJ Oy IiBeIbHUX KOHCTPYKLIH, OIUISIOThCS
Ha nasa Buau. Ilepmmit Bua, ne aHamiTM4HI KiIacuuHi noepxHi no tumy lllepka, abo ki
BHUPaXOBYIOThCS 32 I0MOMOroro uucen Piooonayqi. [pyruii Bua 000J0HOK MiHIMAIBHUX TTOBEPXOHB
— IIe TIOBEPXHI sKi MOOYy/0BaHiI Ha 3aJaHOMYy KOHTYpi: KBaIpaTHOMY, KPYTJIOMY, MPSIMOKYTHOMY,
TpamneneBuIHOMY, TPUKYTHOMY. B aHOMY JOCTIDKEHHI 3aCTOCOBYETHCSI TPANICLICBUAHUNA KOHTYP
[2]. 3a momoMororo BIACHOTO MPOrPaMHOTO 3a0e3NeueHHs Bi0OyBaeThCsl aBTOMAaTH30BaHa o0y 10Ba
000JIOHKH MiHIMaJIbHOI TOBEPXHI HA 3alaHOMY KOHTYPI.

HaBanrakeHHs nependauyeHo 3rifHo OyaAiBeNbHHX HOPM YKpaiHM, a TaKoXK JOAATKOBOIO Y
BUIJISIZI TEMIIEPATYpPH, MIepenaj] Ha OBEpXHi 000JIOHKH CKiIanae 75 rpanycis.

[ToOGynoBa po3paxyHKOBOI Mojelni BigOyBaeThesi MeTofoM ckiHueHHHX eiemeHTiB (MCE) B
po3paxyHkoBomy Komriuiekci Femap with Nastran. CkiHueHHI €eMEHTH HpEICTaBICHHI THIIOM —
plate (rutactuna). ITicis moOy0BM CKIHUCHHOI €IIEMEHTHOT MOJIEINI BiZIOYBA€THCS 3B'I30K 3 AMCKOM
3eMJIi 3a JIOIIOMOTOI0 YKOPCTKOTo 3alieMiieHHs. Ta mepeBipouHi po3paxyHKU B PEKHMI CTaTHKU Ta
BJIACHUX KOJIUBaHb.

[Micis BpaxyBaHHS BCIX HEPEBIPOYHUX PO3PaxXyHKIB BiIOYyBAa€ThCS NOCTIIKEHHS CTIHKOCTI y
HeJiHiNHIIf TOCTaHOBILI 3 ypaXyBaHHSAM I'€OMETPUYHOI HEMIHIHHOCTI, SIKa Ja€ MOXKIIUBICTH 3MEHIIUTH
(axTiyHi nepeMimmeHHs Ha 13% Ta Hanpy»xeHHs 110 Misecy Ha 6%. Pe3ynbpraToM KpiM IepeMilieHb
Ha HaIpy>kKeHb € Bu3HaueHHs 10 ¢popM BTpaT CTIHKOCTI 3 ypaxXyBaHHSIM F€OMETPUYHOI HENHIHHOCTI,
110 € OCHOBOIO JIJIs1 0araToKpUTepialibHOT MapaMeTPHUYHOT ONTUMI3aIlil CTIFIKOCTI Ta Baru 000JIOHKN
MiHiManbpHOT moBepxHi. OnTUMI3alis CTIHKOCTI BiOyBa€eThes 3a paxyHOK Kputepist A. ko A<l To
000JI0HKA BTpavae CTiHKicTh, KO A>1 TOo 000NIOHKA He BTpayae CTIHKICTh. JIOCKOHAMICTh 1€l
ONTUMI3allii MOXKHA JOCATHYTH TiJIbKH B PE3yJIbTAaTi T€OMETPUYHOI HEMiHIHHOCTI, o0 He OyIo
MOXUOOK B CTATHYHII OCTAHOBII.

Ha Takiii OCHOBI BHKOHAHO JOCII/DKCHHS IIECTH OOOJIOHOK MIHIMAJIbHUX IIOBEPXOHb: Ha
TpaneLneBUIHOMY KOHTYpI, KBaJpaTHOMY KOHTYpI, NPSMOKYTHOMY KOHTYpi, BOX3BSI3Ha KOHYCHa
000JI0HKa, IPSIMOKYTHHH TUTaH, IO CKJIaJa€ThCs 3 ABOX MPSIMUX JIHIHHINA 1 ABOX MIBKIBJI, KPYTIIHHA
KOHTYD, 110 CKJIAIA€THCS 13 JIBOX MOXHMIIMX EJIIIICIB.

1. Ivanchenko G., & Kosheviy O. (2024) YucesnbHe IOCIIDKEHHS CTIKOCTI 000JI0HKH MiHIMaIbHOI MOBEPXHI Ha
KpyIJIOMy IUIaHI 3 ypaxXyBaHHSIM T€OMCTPUYHOI HENiHIHHOCTI MPU TEpPMOCHIOBOMY HaBaHTaxkeHHi. // Ilmsxum
i(BUILEHHS e(peKTUBHOCTI OyIiBHUITBA B yMOBaxX (popMyBaHHs pUHKOBHX BigHocuH. 2024. Ne 53. C. 39-48.
https://doi.org/10.32347/2707-501x.2024.53(1).39-48

2. Kosheviy O. (2025) CriiikicTb 000JI0HKM MiHIMAJIbHOI TIOBEPXHi Ha TPANELEBHIHOMY KOHTYpi 3 ypaxXyBaHHIM
reoMeTpuYHOl HeNiHifHOCTI 1pu TepMmocwioBoMy HaBaHTaxeHHi. // Illmsixu migBuiieHus edeKTHBHOCTI
OymiBHHLITBA B yMOBaX (hopMyBaHHs pUHKOBHX BimHOCHH. 2025. Ne 55. C. 48-60.
https://doi.org/10.32347/2707-501x.2025.55(1).48-60
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Oleksandr Kosheviy, Ph.D. , Associate Professor of the Department of Theoretical Mechanics
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The study of the stability of thin shells is an important element of load-bearing capacity. Two limit
states are used in the calculation of any building structure. The strength and stability of a building
structure are studied in the first limit state. The second limit state is used to study deflections and
crack resistance of the building structure. In this study, geometric nonlinearity is used, which makes
it possible to take into account the actual stresses and displacements for shells of minimal surfaces
[1].

The shells of minimal surfaces, as a separate type of building structures, are divided into two types.
The first type is analytical classical surfaces of the Sherk type, or those calculated using Fibbonacci
numbers. The second type of minimal surface shells are surfaces that are built on a given contour:
square, round, rectangular, trapezoidal, triangular. In this study, a trapezoidal contour is used [2].
Using our own software, we automate the construction of a minimal surface shell on a given contour.

The load is provided for in accordance with the building codes of Ukraine, as well as an additional
load in the form of temperature, the difference on the surface of the shell is 75 degrees.

The computational model is built using the finite element method (FEM) in the Femap with
Nastran calculation package. Finite elements are represented by the plate type. After building a finite
element model, the earth is connected to the earth's disk by means of rigid clamping. And verification
calculations in the mode of statics and natural oscillations.

After all the verification calculations are taken into account, the stability is studied in a nonlinear
formulation taking into account geometric nonlinearity, which makes it possible to reduce the actual
displacements by 13% and the Mises stress by 6%. The result, in addition to the displacements and
stresses, is the determination of 10 forms of stability loss taking into account geometric nonlinearity,
which is the basis for multi-criteria parametric optimization of stability and weight of the minimum
surface shell. Stability is optimized by the criterion A. If A<1, the shell loses stability, if A>1, the shell
does not lose stability. The perfection of this optimization can be achieved only as a result of
geometric nonlinearity, so that there are no errors in the static formulation.

On this basis, six shells of minimal surfaces were studied: a trapezoidal contour, a square contour,
a rectangular contour, a two-connected cone shell, a rectangular plan consisting of two straight lines
and two semicircles, and a circular contour consisting of two inclined ellipses.

1. Ivanchenko, H., & Kosheviy, O. (2024). Numerical study of the stability of a shell of minimal surface on a circular
plan with regard to geometric nonlinearity under thermal and power loading. Ways to Improve Construction
Efficiency, 1(53), 39-48. https://doi.org/10.32347/2707-501x.2024.53(1).39-48.

2. Kosheviy O. . (2025). Stability of the shell of the minimum surface on a trapezoidal contour, taking into account
geometric nonlinearity under thermal and power loading. Ways to Improve Construction Efficiency, 1(55), 48-60.
https://doi.org/10.32347/2707-501x.2025.55(1).48-60
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Kpusopisvkuii nayionaneHuil yrnisepcumem (m. Kpusuii Piz)

OpHi€0 13 OCHOBHUX KOHCTPYKTHBHHX YaCTHH OyIIiBEJb 1 CIIOPYI € IX HOKOJIbHA YaCTHHA, TOOTO
Ha/[3eMHA YacTHHA 30BHILIHBOI CTIHM, sIKa PO3TALIOBAHA MDX BIIMITKOIO TPOTyapy (IIaHYBaHHIM
3eMIJIi) Ta OCHOBHOIO ILIOIIMHOIO (hacany. [Ipu mboMmy, BoHa 3a0e3ledye 3aXUCT CTiH Bil BIUIMBY
BOJIOTH, MEXaHIYHUX YIIKO/KEHb Ta TEMIIEPaTypHUX KOJIMBaHb, a TAaKOX Hece apXiTeKTypHO-
JieKopaTuBHY (yHKLI0. J[eeKTH Ta MONIKO/PKEHHS [IOKOJIBHOI YacTHHM OyJiBelb i CIOpyH, sKi
MO>KYTh BHHHKHYTH Ha Pi3HHX €TallaxX KUTTEBOTO LUKy 00’€KTy (IIPOEKTYBaHHS, OyIiBHHITBA Ta
eKCIUTyaTallii), CIPUSAIOTh PYHHYBAHHIO IHIIMX KOHCTPYKLIH i CKOPOYEHHIO 3arajbHOro TEpPMiHYy
eKcIuIyaTamii 00’ekTy. 3HIDKEHHS PU3HKIB JOIMYIICHHS Ne(eKTiB IOKOMI0 Ha eTalli MPOEKTYBAHHI
IpsIMO 3aNIeKuTh Bif piBHs gockoHanocti JJbH, ICTY Ta iHmumx OyniBelIbHUX HOPM.

TaK, JiI0YUMY Oy/iBENbHHMH HOPMAaMHM IIEpEA0adeHi HACTYIHI KOHCTPYKTHBHI BUMOTH ILIOJO

MIPOEKTYBAHHS 1IOKOJILHOT YaCTHHU OyIiBIII/CIIOpY 1M Ta 11 3aXHCTY Bil 3aMOKAHHS:

- HE JIONYCKAEThCS 3aCTOCYBAHHS: CWIIIKATHHUX IIETJIM, KaMEHIB i OJIOKIB;, KaMeHIB i OJIOKIB 3
HI3JpIOBaTHX OCTOHIB; CaMaHy i KepaMiYHHX KaMEHiB; IIIMHSHOI LETJIH HalliBCYyXOT'O IIPECyBaHHS,
m.1.2 [2]. JlomycKaeThesl 3aCTOCYBaHHS: KEpaMidyHOT IUTUTKH CIIENialbHOTO NpU3HaYeHHS, 11.6.14
[2]; npibHux OeToHHMX OJIOKIB I KaMeHIB, MPUPOJHMX KAMEHIB NPABUIbHOI 1 HENpPaBHJIBLHOT
hopmu, MOHOTITHOTO OeTOHY Ta OyTOOETOHY, H00pe 00naneHol KepaMiYHOI LErIH TACTUYHOTO
npecysanns, 11.11.20.1 [2]. Oxnak, nporsrom Herpusaioro (1o 10 pokis) nepiony ekcrutyararii,
B LOKOJIbHIII YacTHHI OyaiBenb 1 CIOpYyZA i3 KepaMmiuHOl LErfiH IUIACTUYHOTO IPecyBaHHs
BUHUKAIOTh TTOIIKO/KEHHS — 3aMOKAHHS Ta BUBITPIOBAHHS LETJISIHOIO MypYyBaHHs, HaBeAEHI Ha
puc. 1 Ta 2.

- OETOHHUIT OKOJIB TI0 MIEPUMETPY 00'€KTa MOBUHEH OYTH TiAPOi30JIbOBAHNUI HA BUCOTY HE MEHIIIE
700 MM, BUMOILICHHSI HABKOJIO 00'€KTa MOBUHHO OyTH nependadeHo mupuHoro He meHue 1500
MM, [0 30BHIIIHBOMY Kpal0 BHMOLICHHS - BOAOBiIBigHWII kanan, m.6.4.1 [1]. Oxnak, ue
PO3IMOBCIO/UKYEThCST HAa OO0’€KTH 3 MPOCTOPOBHM TOHKOCTIHHMM Ta/a00 MHEBMATHYHUM
TIOKPHUTTSIM.

- IIpH OOJIMIIFOBaHHI TUINTaMH 3 IPHPOIHOTO KAMEHIO KOHCTPYKIIIT BCIX BUCTYIAIOYHX YACTHH 1 LIBIB
OyniBini HE JONYCKAIOTh IOTPAIUIAHHSA 3a OOJMYKYBaHHS BOXM - BCI BHCTYIAIO4i aeTaii
BHUKOHYBAaTH 3 KaMEHIO TBEPJIHMX HOPiA (KapHHU3H, MOSCH LOKOJS TOLIO) i YJNAIITOBYBAaTH iX 3
YXHWJIOM Ha30BHI Juisi CTOKY Boju, r.11.13.29 [2].

Puc.1 — Iokoxnp Oyxisii i3 obnaneHoi kepamiynoi nernmu  Puc.2 - Llokonmb crmopyau KoHBeepy i3 oOmaieHoi
TIAaCTUYHOT'O NIPECYBAHHSA KepaMi‘IHOI LETJIN IUTACTUYHOTO ITPECYBAaHHSA

VYV 3B’s3Ky 13 pO3pi3HEHHMMH KOHCTPYKTHBHMMH BHMOTaMU MLIOJO MPOEKTYBAHHS IOKOJIBHOT
YacTHHM OyniBII/CHOpYIH, SK IOJO MOXXJIMBOCTI BUKOPHUCTAHHS MarepialliB, Tak 1 MO0 CaMUX
KOHCTPYKTHUBHHX PillIeHb € MOTpeda B iX J0ONpaIfoBaHHI Ta BHOKPEMJICHHI B OKPEMUI PO3IiL.

1. IBH B.2.6-220:2017. IToxputtst Oynisens i cnopya. Kuis: 2017. 46 c.

2. ICTY B B.2.6-207:2015. Po3paxyHOK i KOHCTPYIOBaHHs KaM'sHUX Ta apMOKaM'SHHX KOHCTPYKIH OyniBenb Ta
criopy . Kuis: 2016. 264 c.
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Kryvyi Rih National University (Kryviy Rih)

One of the key structural components of buildings and structures is the plinth section, i.e., the
above-ground part of the external wall located between the ground level (or ground surface) and the
main plane of the fagade. This section provides protection to the walls from moisture ingress,
mechanical damage, and temperature fluctuations, while also serving an architectural and decorative
function. Defects and damages to the plinth section, which may occur at various stages of the
building's lifecycle (design, construction, and operation), contribute to the degradation of other
structural elements and reduce the overall service life of the building. The reduction of risks
associated with plinth defects during the design phase is directly related to the level of development
and comprehensiveness of national building standards, such as DBN, DSTU, and other relevant
construction codes.

In accordance with current building standards, the following structural requirements are specified
for the design of the plinth section of buildings/structures and its protection against moisture ingress:

- the use of silicate bricks, stones, and blocks; stones and blocks made from aerated concrete; adobe
and ceramic stones; and clay bricks produced by semi-dry pressing is prohibited (c. 1.2 [2]).
Permissible materials include: special-purpose ceramic tiles (c. 6.14 [2]); small concrete blocks
and stones; natural stones of both regular and irregular shapes; monolithic concrete and rubble
concrete; and well-fired ceramic bricks produced by plastic pressing (clause 11.20.1 [2]).
However, even within a relatively short service period (up to 10 years), defects such as moisture
ingress and weathering of the brickwork are observed in the plinth sections of buildings and
structures constructed with ceramic bricks produced by plastic pressing, as shown in Figures 1 and
2.

- the concrete plinth around the perimeter of the building must be waterproofed to a height of at
least 700 mm. A blind area (paving apron) with a width of no less than 1500 mm must be provided
around the structure, with a drainage channel installed along the outer edge of the blind area (c.
6.4.1 [1]). However, these requirements apply specifically to structures with spatial thin-walled
and/or pneumatic coverings.

- when cladding with natural stone tiles, the design of all protruding parts and joints of the building
must prevent water from penetrating behind the cladding. All protruding elements, such as
cornices, plinth belts, etc., should be made from hard stone and designed with an outward slope to
ensure proper water drainage (c. 11.13.29 [2]).

Fig. 1 - Plinth of the building made of fired ceramic brick Fig. 2 — Plinth of the conveyor structure made of fired
produced by plastic molding ceramic brick produced by plastic molding

Due to the varying structural requirements for the design of the plinth section of buildings and
structures, including the choice of materials and the structural solutions themselves, there is a need to
further develop and organize these requirements into a separate section.

1. DBN V.2.6-220:2017. Coverings of buildings and structures. Kyiv, 2017. 46 p.
2. DSTU B V.2.6.-207:2015. Structural analysis and design of masonry and reinforced masonry constructions for
buildings and facilities. Kyiv, 2016. 264 p.
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3a poku TOBHOMAcIITaOHOI BiiHM Ha TepuTopii YKpaiHu B pe3yibTaTi pOCiiicbkoi arpecii
(6ombapryBaHb, pakeTHHX yJ1apiB, aTak OC3MiJIOTHUKIB, TOKEXK) OyII0 3pyiiHOBaHO Oarato OyiBeIb
1 copyn. AHali3 HacliKiB pyiHyBaHHs OaraTornoBepxoBuX OyJiBenb CBITUMTH, 110 OyniBii i3
32113006 TOHHUMH MOHOJIITHUMH KapKacaMH MAalOTh Kpallly HeCydy 3/4aTHICTb, y IOpIBHSHHI 3
TPAAUIIHHIUMY LETITHUMHU Ta CTAJICBUMH KapKacaMi. 3aii300eTOH € HerOpHYrM MaTepiaioM, Mae
BEIIMKY MAacCy Ta iHepUiiHiCTb, BUCOKI XapaKTEPUCTUKH MILlHOCTI Ta INIACTUYHOCTI, 1e(hOPMY€ETHCS Ta
NIepepo3NOALIAE 3YCHIIST MDK CYMDKHUMHM KOHCTPYKIISIMH, 3aro0ira€ BUHUKHEHHIO KacCKaJHOTO
pyiHYyBaHHS OY/IiBeIb.

Jlns 30epeskeHHs SKUTTS Jrojeii B YKpaiHi Tpeba MpOEKTyBaTh BUOYXOCTIHKi OymiBmi 3
MOHOJIITHUMH 3aJ1i300€TOHHUMH KapKacaMd 1 NPUMIMICHHSMH IMBIJIBHOTO 3aXHCTy HaCEJICHHS,
PO3MILIEHMMH HW)KY€ CIUIAHOBAHOrO piBHA 3emii. KoHCTpykuii HepeKkpuTTiB NpUMIILEHb
LUBUIPHOTO 3aXUCTy HACEICHHsI, PO3MIICHI B MiA3eMHHX IOBEpXaxX TaKUX Oy/iBellb MOBUHHI
BUTPUMYBATH BEJIMKI HABAHTAXXEHHS, a TOMY pAalllOHAIPHO IX MPOEKTYBATH MOHOJITHUMH
3aJ1i300€TOHHUMU PEOPUCTUMHU 3 CHCTEMaMH 3 TOJIOBHUX 1 JPYropsiiHUX OaJlok abo 3 MepexpecHo
PO3TAIIOBAaHUMH OAIKAMH JKOPCTKO 3aKPIIICHIMHE 10 BEPTUKATEHUX HECYUHX KOHCTPYKIIH [3].

Mertoro J0CHiKeHHST € OOTPYHTYBaHHS aKTYaJIbHOCTI MPOEKTYBaHHs 0araTOMOBEPXOBHX
KapKacHUX Oy/liBellb 3 BUKOPHCTAHHSIM THUIIOBHUX 301pHUX 3211300 TOHHUX KOHCTPYKI[iH 3 paMHUMHU
i paMHO-B’s13¢BUMH CXEMaMH HECYUYHX KapKaciB B YMOBAaX MOJKIIUBUX yIapHO-BHOYXOBUX i BOTHEBHX
ypaxkeHb. Y komumaboMy PansHcekomy Corosi Oyna pospobiiena tumoBa cepis 1.020.1-2¢/89
«KoHcTpyKIil Kapkaca MIKBHAOBOIO 3aCTOCYBaHHs 0araTOMOBEPXOBHX TI'POMAJCHKHX OYIiBeb,
BUPOOHHYMX Ta AOMOMDKHHMX Oy/iBelb MPOMHCIOBUX MiJINPUEMCTB Jjisi OyIiBHHUILITBA B pailoHAX
celicmiunicTio 7, 8 Ta 9 GaniB Ta B HecelicMIUHMX palloHaX» 3 HABAHTAXKEHHSAMU Ha MEPEKPUTTS 10
21 kH/m?[1, 2]. Kosnoru Takux Kapkaci iepepizom 400x400 MM y MiCIsIX IPHMUKAHHS TIOTIEPETHIX
i MO3/IOBXKHIX PHUTEIliB MalOTh BHITYCKA apMaTypH y BEpXHiil 30HI Ta KyTHKOBI CTaJeBi KOHCOII Y
HIKHIX 30HAaX BY3IiB, MPU3HAUYCHI /sl 3’€HAaHHsS 3BapIOBaHHAM. Pureni MarOTh MOJWYKA JUIS
crpaHHs 6araToOIyCTOTHHX a00 PeOPHUCTHX ILTHT EPEKPHUTTIB. BepXHs 30Ha pUTEIiB Mae OroJeHy
MOMEPeYHy apMaTypy 3a BCIEI0 JOBXHHOIO abo Ha JimsiHKax Oimst omop. Ilix yac MOHTyBaHHS y
BIJIKPUTIi BEPXHiil 30HI PUrelliB BCTAHOBJIIOIOTH MO3J0BXHIO POO0OUY apMaTypy, sSIKy CTHKYIOTh 3
BI/ITIOBIIHUIMHU BUITYyCKaMHU apMaTypH 3 KoJIoH. [{eHTpasbHi 30HH )KOPCTKHX BY3JIIB 3a51i300€TOHHUX
KapKaciB MiJICKIIIOI0TH I0AaTKOBIM apMyBaHHSM Y BUTJISAI 3BAPHUX CITOK, CIipaei abo 3aMKHYTHX
xoMyTiB. ['opm3oHTanbHi ceficMiuHi Ta BHOYXOBI HAaBaHTAXCHHA B 0araTONOBEPXOBUX
BUOYXOCTIMKMX OymiBIsIX 13 30ipHHUMHU 3ai300€TOHHUMH KapKacaMH CHPUIMAIOTh BEpTHKAaJbHI
crajeBi B’s31 abo JiadparMu IKOPCTKOCTI, PO3TAIlllOBaHI B JIBOX HANpsIMKax pPIBHOMIPHO i
CHUMETPUYHO BiJJHOCHO LICHTPA Baru Oy/IiBelb.

1. Teryn I'. B., Kynixos II. M., ITnockuit B. O., Yepuumies /. O. Koncrpykuii GyxiBens i cnopyxa. Kuaura 2
Hexwurnosi 6yaisni: ninpyunukKam suens-IToainscskuii: TOB «/lpyxapus Pyray» —2023. — 900 c.

2. Kynixos I1. M., ITnockwuii B. O., T'eryn I'. B., Koncrpyxkuii Oynisens i copya. Kuura 1: nigpyunukKam’suens-
Tloninsewkuit: TOB «/Ipykaphst Pyra» —2021. — 880 c.

3. TeryuT. B., KonsikoBa B. M., Beskiy6enko I. C., Conomin A. B. (2023) KonerpyKTuHi piteHs BUOYXOCTIKHX
OyniBenb 3 MPUMIIEHHAMYU IUBiTEHOTO 3aXHCTy HaceneHHs. byaiBensHi koncTpykuii. Teopis i mpakTuka, (13),
41-50. https://doi.org/10.32347/2522-4182.13.2023.41-50
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Over the years of the full-scale war on the territory of Ukraine, as a result of Russian aggression
(bombings, missile strikes, drone attacks, fires), many buildings and structures have been destroyed.
An analysis of the consequences of the destruction of multi-story buildings indicates that structures
with reinforced concrete monolithic frames have better load-bearing capacity compared to traditional
brick and steel frames. Reinforced concrete is a non-combustible material with high mass and inertia,
as well as excellent strength and plasticity characteristics. It deforms and redistributes loads between
adjacent structures, preventing the cascading collapse of buildings.

To save lives in Ukraine, it is necessary to design explosion-resistant buildings with monolithic
reinforced concrete frames and civil protection shelters located below the planned ground level. The
ceilings of such civil protection shelters, placed on underground levels, must withstand high loads,
and it is therefore rational to design them as monolithic reinforced concrete ribbed structures with
systems of primary and secondary beams or with intersecting beams rigidly connected to vertical
load-bearing elements.

The purpose of this research is to substantiate the relevance of designing multi-story frame
buildings using typical prefabricated reinforced concrete structures with frame and frame-brace load-
bearing schemes, under conditions of potential shock-explosive and fire impacts. In the former Soviet
Union, a typical series 1.020.1-2s/89 was developed: "Framework structures for cross-industry
applications for multi-story public buildings, industrial and auxiliary buildings of industrial
enterprises for construction in areas with seismicity of 7, 8, and 9 points, as well as in non-seismic
zones," designed for slab loads of up to 21 kN/m? [1, 2]. Columns of these frames, with a cross-
section of 400x400 mm, have reinforcement protrusions in the upper zones and corner steel consoles
in the lower zones of the nodes intended for welded connections. Beams feature ledges for supporting
hollow-core or ribbed floor slabs. The upper zone of the beams is equipped with exposed transverse
reinforcement either along the entire length or near the supports. During installation, the longitudinal
working reinforcement is placed in the open upper zone of the beams and joined with the
corresponding column reinforcement protrusions. The central zones of the rigid nodes of reinforced
concrete frames are further reinforced with additional armature in the form of welded meshes, spirals,
or closed stirrups. Horizontal seismic and explosive loads in multi-story explosion-resistant buildings
with prefabricated reinforced concrete frames are absorbed by vertical steel braces or shear walls,
arranged in two directions evenly and symmetrically relative to the center of gravity of the buildings.

1. Getun G. V., Kulikov P. M., Ploskyi V. O., Chernyshov D. O. Structures of Buildings and Constructions. Book 2:
Non-Residential Buildings: Textbook. Kamianets-Podilskyi: LLC "Ruta Printing House" —2023. — 900 pages.

2. Kulikov P. M., Ploskyi V. O., Hetun H. V. Structures of Buildings and Constructions. Book 1: Textbook.
Kamianets-Podilskyi: LLC "Ruta Printing House" — 2021. — 880 pages.

3. Getun G. V., Kolyakova V. M., Bezklyubenko I. S., Solomin A. V. (2023). Structural Solutions of Explosion-
Resistant Buildings with Civil Protection Shelters. Construction Structures: Theory and Practice, (13), 41-50.
https://doi.org/10.32347/2522-4182.13.2023.41-50
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bonToBi 3'enHAaHHSA B HANl Yac € OJHUM 3 HAHNOIIMPEHIMNX CIOCOOIB (ikcamii eIeMeHTIB B
OyniBenbHUX (1 He TLIBKU) KOHCTPYKIIAX, IO BUKOPUCTOBYIOTBCS B PI3HHX Taly3sX iHXKeHepii.
OcobnuBuil 1HTEPEC BHKIMKAIOTH XOJOIHO-KAaTaHI TOHKOCTiHHI mpodimi, sKi, 3aBISKH CBOIM
FeOMETPUYHUM Ta MEXaHIYHUM XapaKTepUCTHKAM, AaKTUBHO 3aCTOCOBYIOTBCS Y Cy4YacHOMY
OyMiBHMITBI Ta MALIMHOOY Ty BaHHi.

MeTor0 JaHOTO JOCIIKEHHS € po3poOka, Bepudikaris Ta BIOCKOHAJICHHS MOJIENICH OOITOBHX
3’€IHaHb TOHKOCTIHHHX IpodiniB. Lle 103BOIUTH CTBOPUTH €(EKTUBHY CHCTEMY MOHITOPHHTY, SKa
3a0e3Me4nTh IPOTHO3YBAHHS CTaHy 3’€/IHaHb, 3aM00IraHHs aBapiiHUM CHTYALisSM Ta ONTHMI3aLiio
KOHCTPYKTUBHHX pillieHb. J{I JOCTiIKeHHS OyJI0 BUKOPUCTAHO GKCIICPUMEHTATIbHY MOAENb, IO
CKJIaJIA€ThCsl 3 TOJIOBHUX 1 JpyropsiaHux Oanok C-mofiOHuX mpodiniB XonogHoro GpopmMyBaHHs 3i
crani S390GD-Z275MA 3 toBiuHOI0 cTiHOK 4 MM (puc. 1). IIpodini 3’eanani Mixk coboro Gontamu
M12 xnacy minHocTi 8.8 3a oromoroto I'-roioHoi mnactiay 3i cram S350GD+Z275 toBmuHo0 3
MM (puc. 2).

.’--l Cram dops
Dlw.-l Cram Jums
Wl =1 Cram 0
BF b
[ R

uc.1 — Po3paxyHkoBa MOJIEIIb KOHCTPYKIIiT uc.2 — bonrose 3’eanHanus npodiiis
Puc.1 — P y y Puc.2 - b ’

OTpuMaHi pe3yJibTaTi MiTBEPININ KOPEKTHICTh PO3paxyHKOBOI MoJedi, po3poodienoi B8 SCAD
Office, OCKUIBKM BOHM IIPOJEMOHCTPYBAJIM BUCOKY BIJNOBIIHICTh pe3yibTaTaM, OTPUMAHHM Yy
PO3paxyHKOBOMY KOMILIEKCI Abaqus, a TaKOK €KCIIEPUMEHTAIBHUM JOCIIPKEHHSAM, IPOBEACHUM Y
nabopatopii KHYBA. Lle cBimuumTh NIpo KOPEKTHICTh BHUKOPHCTAHHX YHCIOBUX METOHIB Ta
aJIeKBaTHICTh MOJIEII [UIs TPOTHO3YBAHHS MIOBEIIHKH KOHCTPYKIIT Y pealbHUX yMOBAX eKCILTyaTallii.

1. Ba6imesnu M.O., HemoB O.IL., Capuyk J[.O. CyuacHuil crtaH mnpoOJeMH YHCEIbHOTO JOCIIKEHHS
METAJIOKOHCTPYKIifi Ha OCHOBI JMHAMi4HOro MOHiTOpuHIYy// Ormip MartepiaiiB i TeOpis CHOPYI: HayK.-TEXH.
36ipauk. — K.: KHYBA, 2024. — Bum. 112. — C. 52-57. — Aurm. https://doi.org/10.32347/2410-2547.2024.112.52-
57

2. EN 1993-1-8:2005 Eurocode 3: Design of steel structures — Part 1-8: Design of joints. 2005
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Bolted connections are currently one of the most common ways of fixing elements in building
(and not only) structures used in various branches of engineering. Of particular interest are cold-rolled
thin-walled profiles, which, due to their geometric and mechanical characteristics, are actively used
in modern construction and mechanical engineering.

The purpose of this study is to develop, verify and improve models of bolted connections of thin-
walled profiles. This will allow creating an effective monitoring system that will provide prediction
of the state of connections, prevention of emergency situations and optimization of design solutions.
The research used an experimental model consisting of main and secondary beams of cold-formed
C-shaped profiles made of S390GD-Z275MA steel with a wall thickness of 4 mm (Fig. 1). The
profiles are interconnected by M12 bolts of strength class 8.8 using an L-shaped plate made of
S350GD Z275 steel with a thickness of 3 mm (Fig. 2).

B Cemten
BF T
.’h-1ﬂ':'h‘|n.':\l+l
B i
B - i

Fig. 1 — The model of the structure Fig. 2 — Bolted connection of profiles

The obtained results confirmed the correctness of the model developed in SCAD Office, as they
demonstrated a high correspondence with the results obtained in the computational complex Abaqus,
as well as with experimental studies conducted in the laboratory of the KNUBA. This indicates the
correctness of the numerical methods used and the adequacy of the model for predicting the behavior
of the structure in real operating conditions.

1. Vabishchevych M.O., Dedov O.P., Savchuk D.O. The current state of the problem of numerical investigation of
metal structure refusal based on dynamic monitoring // Strength of Materials and Theory of Structures: Scientific-
and-technical collected articles. — K.: KNUBA, 2024. — Issue. — P. 52-57. https://doi.org/10.32347/2410-
2547.2024.112.52-57

2. EN 1993-1-8:2005 Eurocode 3: Design of steel structures — Part 1-8: Design of joints. 2005
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IlpakTka OCTaHHIX HECATHIITH y KpaiHax €BpONMM MIATBEPIXKYE EKOHOMIUHY HOIIBHICTH
3acToCyBaHHS 30ipHHX KOHCTpyKUiif [1] y cdepi HUBiINBHOrO, KUTIOBOTO Ta IIPOMHCIOBOTO
OyniBHMITBA. 3a3Ha4YeHMH JOCBIJ € HAA3BUYAWHO IIHHMM JuUii YKpaiHM B yMoOBax BinOyn0BU
iH(pacTPyKTypHHX 00’€KTiB, 3pYIHOBAHHX YHACIIIOK BifHH, O0COOIMBO 3 ypaxXyBaHHSIM CyYacHUX
IH)KEHEPHHX PILICHB 1 TEXHOJIOTIH, pO3pO0JICHHX MPOTSITOM OCTaHHIX POKIB [2].

&

Puc. 1 — Cucrema 601TOBOTO 3’ €IHAHHS CTIHOBHX Puc.2 — Pimenns 3’ eqHanns kojaouu 3 6ankoro Bix Peikko uHa
naHenen MPUXOBAHUX KPOHIITEITHAX

Xoua iHAyCTpialdbHiI TEXHOJNOTIi 3BeeHHS OyAiBenb Hapas3i HE MalOTh HIMPOKOTO 3aCTOCYBaHHS B
VYkpaiHi, BOHU MOXKYTb CTaTH €(EKTUBHUM IHCTPYMEHTOM Yy HPOLEC] BIJHOBICHHS XKHUTJIA Ta 00’ €KTIB
pisHoro mpusHaueHHs. Cepel KIIOYOBHX IepeBar — BUCOKA LIBHUAKICTb, HAJIHHICTh Ta MiHIManbHa
notpeba B poboUill crili Ha eTami MOHTaXy, IO OCOOIMBO aKTyalbHO B yMOBaxX He(iOUTy KaapiB y
OyniBenbHii ramy3i. [Ho3eMHI iHBecTOpH 37€01IbIIOr0 HAAIOTh MepeBary came 30ipHUM TEXHOJIOTISIM
OyIiBHHIITBA, HA BIMIHY BiJ TpaAULiHHUX 11t YKpaiHU MOHONITHUX pinteHs. Lle 00yMoBIeHO He uIe
BHCOKOIO SIKICTIO Ta IIBHIKICTIO peaiti3allii, a i KOHTPOJIbOBaHICTIO OYy1iBEILHOTO MpoLecy. 3aXiJHuil
Higxin nepenbadae MiHIMI3aIil0 «MOKPHX IIPOLECiBy» i 3abe3ledye UiTke IUIaHYBaHHS BHTPAT LI¢ Ha
CTaJil MPOEKTYBAHHS, 1110, CBOEIO YEPIOI0, JO3BOJISIE AOCSTTH IPO30POCTi cOOIBAPTOCTI Oy 1IBHHUIITBA.

Biiina crama KaTanizaTOpOM CYTTE€BHX 3MiH Yy MiXOJax 10 INPOEKTYBaHHS Ta OyIIBHUIITBA.
BpaxoByroun HOBi peaiii, MOKHA 3 YNEBHEHICTIO MpHIIYCTHTH, IIO Iix 4Yac BigOymoBu YkpaiHa
30CEPENUThCS Ha OUIbLI pPAIiOHAIBHUX Ta EKOHOMIYHO OOIPYHTOBAHHMX pIIICHHSX, 30KpeMa Ha
BIIPOBAJUKCHHI TEXHOJIOT1H 30ipHOro OYAiBHULTBA.

1. Yrjola, J., and J. Bujnak. 2021. Shear Tests on Demountable Precast Column Connections. Structural Concrete 22 (4):
2432-2442. https://doi.org10.1002 /suco.202000635.

2. Kinnunen, J. 2017. ETA Tests and ETA Designof HPKM Column Shoe Connections. Procedia Engineering 172: 521-
528. https://doi.org/10.1016/j.proeng.2017.02.06 1
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PEIKKO UKRAINE LLC (Kyiv)

The practice of recent decades in European countries confirms the economic feasibility of using
prefabricated structures [1] in civil, residential and industrial construction. This experience is extremely
valuable for Ukraine in the context of reconstruction of infrastructure facilities destroyed as a result of
the war, especially taking into account modern engineering solutions and technologies developed in
recent years [2].

Fé&

Fig. 2 — Solution for connecting a column to a beam from
Peikko on hidden brackets

Fig. 1 — Bolted wall panel connection system

Although industrialized building construction technologies are not currently widely used in Ukraine,
they can be an effective tool in the process of restoring housing and facilities for various purposes. Key
advantages include high speed, reliability, and minimal labor requirements during the installation phase,
which is especially important given the shortage of personnel in the construction industry. Foreign
investors mostly prefer prefabricated construction technologies, as opposed to monolithic solutions that
are traditional for Ukraine. This is due not only to the high quality and speed of implementation, but also
to the controllability of the construction process. The Western approach minimizes «wet processes» and
ensures clear cost planning at the design stage, which, in turn, allows for transparency of construction
costs.

The war was a catalyst for significant changes in approaches to design and construction. Given the
new realities, it is safe to assume that Ukraine will focus on more rational and cost-effective solutions
during the reconstruction process, including the introduction of prefabricated construction technologies.

1. Yrjola, J., and J. Bujnak. 2021. Shear Tests on Demountable Precast Column Connections. Structural Concrete 22 (4):
2432-2442. https://doi.org10.1002 /suco.202000635.

2. Kinnunen, J. 2017. ETA Tests and ETA Designof HPKM Column Shoe Connections. Procedia Engineering 172: 521-
528. https://doi.org/10.1016/j.proeng.2017.02.061
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BnpoBagkeHHs1 pillieHb 3 60JITOBUM 3’ €THAHHAM JIUIS 32113006 TOHHUX
KOHCTPYKIH

Jleonio Ckopyk, kano. mexu. Hayk, 00y. Kagheopu 3ani300emoHHUX md Kam SHUX KOHCMPYKYIL,
https://orcid.org/0000-0002-7362-1348;
Onexcandp Ilanusooa, kano. mexw. Hayk, inocenep, https://orcid.org/0000-0001-9787-9653

Kuiscokuii nayionanvnuil ynisepcumem 6y(){6nm4m3a i apximexmypu (m. Kuig)
TOB «IIEHKKO YKPAIHA» (m. Kuig)

Mera IOCHIKEHHS — IOBECTH JAOLULIBbHICTh BUKOPUCTAHHS 30IpHHX 3aJ1i300€TOHHUX KOHCTPYKIIiH 3
MPOrPECUBHUMH DILIEHHSAMH Ha INPHKIAJI TEXHIKO-€KOHOMIYHOTO IOPIBHSHHS PILICHb 3 OONTOBHM
3'€IHAHHSIM €JIEMEHTIB KOJIOHH (1B. puc. 1,2).

Puc. 1. Po3paxyHKOBa MOJIENb By3Ja MPHETHAHHS Puc. 2. 3aranbHuil BUIIAA pillieHHs 001TOBOTO 3’ €IHAHHS
(yHIaMeHTy Ha aHKepHHX OonTax KOJIOH OyniBii nepksu (M. JIbBIB)

BuxopucranHs 601TOBUX 3’€HaHb, 30KpEeMa aHKCPHUX OOJITIB, HE MOXKHA Ha3BaTH HOBMM. HaBmaku
— TOsiBa L[OTO PIllICHHs MepeayBaia 6araTboM iHIIMM. 3’€IHAHHIM 3a1i300€TOHHUX KOHCTPYKIIiH Ha
Gonrax OynM NpPUCBAYCHI YHCIEHHI JNOCITIIKEHHSA, 30KpeMa 1 yKpaiHChKuX BueHuX [l], me Oyno
BHUCBITJICHO psifl iX mepesar. IIpoTe y MacoBOro 3aCTOCYBaHHS Taki PIlICHHS Le He HAaOYIIH, 3BaXKaI04N
Ha pi3Hi npuumHH. 30KpeMa BHpOOHMYA 0a3a HE HACTUNBKH MOTYTHS. J[0 TOrO K IHEBHI Tpammumii
MPOCKTYBAHHS PArHyTh 0 0OpaHHS KIACHYHUX, ICPEBIPEHHUX PillICHb.

IIpote y kpainax €Bporu, 30KpemMa y CKaHJAWHABCbKOMY PETiOHI, AaHi PIlllCHHS HMPOUILIA BEIbMH
MHMPOKY arpobarito. BapTo Big3HauWTH, 110 Ha TepeHaX YKpaiHU BXKE € peaii3oBaHi HPOEKTH i3
3aCTOCYBAHHSM PIIICHb 3 OOJITOBUM 3’€JHAHHSIM 3113006 TOHHUX KOHCTPYKIIiii.

3arajoM IpoIec MPOEKTyBaHHs OOITOBHX 3’€HAHDB € IIIKOM KOHTPOJIOBAHUM Ta HE TPOMI3IKHM.
IcHYIOTB BiZIOMI aJrOpuTMH OOYHCIICHHS KIIFOYOBHX ITapaMETPIB P PO3PaxyHKy TAKOro pimieHHs [2].
30kpeMa pH BU3HAYCHHI MII[HOCTI OOJITOBOrO 3’€IHAHHS BH3HAYAIOTH ILIOILY HOIEPEYHOrO Hepepisy
(miamerp) OounTiB, iX KUIBKICTh, NMPU3HAYAIOTH TJIMOWHY aHKEpyBaHHsI, 3aJar0OThCSl KJIAcoOM CTalli,
KOHTPOJIIOIOTh 3yCHJUIS 3aTArYBaHHs OOJNTIB.

1. THHOBawWiitHI TeXHOJIOTIT KapkacHOTo Oy iBHUITBA: HaBY. MociOHNK / .M. Tonkadees, O.C. Monozin, B.I'. Tonkadees,
O.I'. aunpa: ITix pex. npod. I'M. Tonkaueesa. Kuis: Bunasauurso Jlipa-K. 2024. 316¢.

2. Kinnunen, J. 2017. ETA Tests and ETA Designof HPKM Column Shoe Connections. Procedia Engineering 172: 521-
528. https://doi.org/10.1016/j.proeng.2017.02.06 1
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Implementation of solutions with bolted connection
for reinforced concrete structures

Leonid Skoruk, Candidate of Technical Sciences, Associate Professor of the Department of
Reinforced Concrete and Stone Structures, https://orcid.org/0000-0002-7362-1348;
Oleksandr Palyvoda, Candidate of Technical Sciences, engineer, https://orcid.org/0000-0001-
9787-9653

Kyiv National University of Construction and Architecture (Kyiv)
PEIKKO UKRAINE LTD (Kyiv)

The purpose of the study is to prove the feasibility of using precast concrete structures with
advanced solutions on the example of a technical and economic comparison of solutions with bolted
connection of column elements (Figs. 1, 2).

Fig. 1. Design model of the connection node foundation  Fig. 2. General view of the bolted connection solution of
on anchor bolts of the columns the church building (Lviv)

The use of bolted connections, in particular anchor bolts, cannot be called new. On the contrary,
the emergence of this solution preceded many others. Numerous studies have been devoted to bolted
connections of reinforced concrete structures, including by Ukrainian scientists [1], which highlighted
a number of their advantages. However, such solutions have not yet become widely used for various
reasons. In particular, the production base is not so powerful. In addition, certain design traditions
tend to choose classic, proven solutions.

However, in European countries, particularly in the Scandinavian region, these solutions have been
widely tested. It is worth noting that there are already completed projects in Ukraine that use bolted
solutions for reinforced concrete structures.

In general, the process of designing bolted connections is quite controlled and not cumbersome.
There are well-known algorithms for calculating key parameters in the calculation of such a solution
[2]. In particular, when determining the strength of a bolted connection, the cross-sectional area
(diameter) of the bolts, their number, the depth of anchoring, the steel class, and the bolt tightening
force are determined.

1. Innovative technologies of frame construction: textbook / G.M. Tonkacheiev, O.S. Molodid, V.G. Tonkacheiev,
O.G. Shandra: Edited by Prof. G.M. Tonkacheiev. Kyiv: Lyra-K Publishing House. 2024. 316c¢.

2. Kinnunen, J. 2017. ETA Tests and ETA Designof HPKM Column Shoe Connections. Procedia Engineering 172:
521-528. https://doi.org/10.1016/j.proeng.2017.02.061
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30ipHO-MOHOJIITHI KOHCTPYKIT 1Jis OyAiBHUUTBA cCHeliaJIbHUX CHOPY/ i3
3aXMCTY HaceJeHHSs

Muxkona /{lobopoxnon, KaHo. mexH. HAYK, O0YeHm Kapeopu 3ani300emoHHUX MA KAM SHUX
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Kuiscoruiti hayionaneHuil ynisepcumem o6yoisnuymea i apximekmypu (m. Kuig)

3anpornoHOBaHO HOBY KOHCTPYKTHBHY CHUCTEMY IJIf 3aXUCTy HACElEHHs B yMOBaX BilfHH BiX
ypakeHb OoMOamMu Ta BifiCBKOBHMH CHapsgamMu. B MHpHMH dYac, Uil EGKOHOMIYHOro iforo
BHKOPHCTAHHS, CXOBHUIIE EKCIUTYaTYIOTh, SIK CKJIAAChKI IPUMILIEHHS IS BIACHHUX ITOTPEO.
Haii6inpI mommpeHi 3aXUcHi CIOpyax HUBLIBHOT 000POHU I YKPHUTTS HACEJICHHS € CXOBHILE.
CxoBulIlla TOBUHHI BATPUMYBATH JJMHAMIUHI HABAHTA)XXSHHS Bl y1apHOT XBUIIi 60MO 1 BiHCHKOBUX
CHapsIIiB, a TAKOK 1epeOyBaHHs B MPUMIILIEHHI HE MEHIIE — 4 TOMHU.
3a KUIbKICTIO PO3MILICHHSI JIFO/ICH CXOBHIIA MTO/IIJICHO Ha TP TUITX: MaJi, CEPE/IHI Ta BEJIUKI.
Mani: 100+150 oci6, niometo 10 150 M2, posmipamu — 12x12m;
Cepeni: 150+450 oci6, miomero 10 300 M%, posmipamu — 12x24m;
Beuxi: 6inbire 600 oci6, miomero 650 Mm%, posmipamu — 18x36m.
MicnsMu Ui pO3TAlIyBaHHS CXOBHII MOXYTh OyTH MifBaaM >KHTIOBHX, TPOMAJACBKHX Ta
MIPOMHUCIIOBUX Oy/iBenb, TOOTO — BOY/J0BaHi, 1 OKpeMO BiJ1 Oy IiBeb.
Ha ocHOBI pe3ynbTaTy 00CTeKeHb BUABICHO TPH TUIIU CXOBHUII[ 32 KOHCTPYKTUBHHUM PillICHHSAM:
1) MoOBHO-KapKacHUIi: 30BHIIIHI CTiHM i3 30ipHMX HaHesel, KOJOHM 30ipHi 3a1i300€TOHHI Ta
HEPeKPUTTH i3 30IpHUX IUIOCKUX 3a1i300€TOHHHX IUIUT 1 MOHOJIITHOTO HIapy OETOHY;
2) HENOBHO-KApKACHMII: 30BHIIIHI CTiHM i3 30ipHMX OETOHHHX OJIOKIB, KOJOHHU i3 30ipHHX
0OeTOHHUX OJIOKIB, IEPEKPHUTTS 13 30IpHUX 3aTi300eTOHHIX 0aOK, 30ipHUX 3a1i300€TOHHUX
IUTAT i MOHOJIITHOT'O 11apy OETOHY;
3) Ge3kapKacHUIi: 30BHILIHI Ta BHYTPILIHI CTIHY i IEPEKPUTTS i3 MOHOJITHOTO 3a11300€TOHY.
3a HECHHMH BJIACTHBOCTSIMH HEpIUMH 1 APYrHil THI CXOBMIL HE INPHAATHI M eKCILTyaTamil 3a
MIPU3HAYEHHSAM I MOXKYTh BUKOHYBAaTH 3aXUCHI (yHKIII, K IPpOTHpaIiaiiHi yKPUTTA. A TOMY, Ha
OCHOBI JIOCITI/KEHb POOMMO BHCHOBOK, IO JUISl 3a0€3MEUeHHSI 3aXUCTy HACEICHHS B YMOBAX BiHH
BiJl ypaxkeHb OOMOaMH Ta BIfiCKOBHMH CHapsIaMH, JJIsl CXOBHIIL, KOTPi O 3a0e3neuyBanu HaiiiHUI
3aXHMCT Ta CKOPOUYBalIU TEPMiH OyIBHUITBA, HEOOXIAHO PO3POOUTH HOBHUIl THIT KOHCTPYKTUBHHUX
pilIeHb cucmemy i3 30ipHO-MOHOITMHUX KOHCIPYKYTIL.
306ipHi 3a11i300€TOHHI HECydi OrOpOJPKYBaIbHI KOHCTPYKIIl MAIOTh HACTYIIHI XapaKTePUCTHKIL:
— 30BHIIHI cTiHW: 30ipHI 3ami300eToHHi maHemi «[I»-moxiGHOI dopmu 3 meTIEOBEMHU
Burryckamu ToBIuHO0 300+400 mm, Bucotoro 3300 mm Ta mmpunaoio 2400 MM,
— 30ipHi 3a11i300€TOHHI CTaKaH! JJIs YKIIQJAHHS KOJIOH 3 BUITYCKaMU apMaTypH JUTs 3’ € THAHHS
3 MOHOJIITHOI (DYHIaMEHTHOIO MHTo0 po3mipamu: 1200x1200x1000 mm,
— 30ipHi 3a)1i300€TOHHI KOJIOHM 3 BHITyCKaMM apMaTypu Y BEpXHill 4acTUHI po3Mipamu:
2300x500x500 MM,
— 30ipHi 3a1i300€TOHHI [UINTH MEPEKPUTTS 3 OTBOPAMH ISl PO3MIILECHHS BHITYCKIB i3 KOJIOH
po3mipamu: 400-600x1500x1500 mm.
HuxHs Ta BepXHS IUIMTU MEPEKPUTTA 3’ €AHYIOThCS 31 CTIHOBUMH HaHENISIMH Ta HaAKOJOHHUMHU
IUIMTAMH 32 JOIIOMOT'OI0 apMaTyPHHX METIBOBUX BUITYCKiB. TOBIIMHA MOHOMITHUX IUIHT — 400 MM.
B cxyajgi KOHCTPYKTHBHMX pillleHb CXOBHUILA [OBHHHA OYyTH TEIUIOI30JALis, KoTpa O naBana
3aXHCT Bifl JIii MOeski BHYTPIIIHIX TOBEPXOHB CTiH, He Ginbmie 30°C.

1. JIBH B.2.2-5:2023 "3axucHi cnopyau nuBinbpHOro 3axucty."[Unani Bix 01.11.2023] - Kuis: JIepaBHe areHTCTBO
3 MUTaHb OyIIBHHUIITBA Ta JKUTIOBO-KOMYHAJIBHOTO TOCTIOAapcTBa YKpainu, - 2023. — 122 c.
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Precast-Monolithic Structures for the Construction
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0000-0001-6393-786X

Vasyl Bachynskyi, PhD student of the Department of Reinforced Concrete and Masonry
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Kyiv National University of Construction and Architecture

A new structural system has been proposed for protecting the population during wartime from the
impact of bombs and military projectiles. In peacetime, for more efficient use, the shelter can be
utilized as warehouse premises for internal needs.

The most widespread civil defense protective structures intended to shelter the population are
protective shelters. These shelters must withstand dynamic loads from blast waves caused by bombs
and projectiles and ensure a safe stay for people for no less than 4 hours. Shelters are categorized by
capacity into three types:

Small: 100—150 people, with an area up to 150 m?, dimensions — 12x12 m.

Medium: 150450 people, with an area up to 300 m?, dimensions — 12x24 m.

Large: more than 600 people, with an area of 650 m?, dimensions — 18x36 m.

Potential locations for shelters include the basements of residential, public, or industrial buildings
(integrated), or they may be constructed separately from buildings. Based on the results of field
inspections, three main types of shelters by structural design were identified:

1. Full-frame: external walls made of precast panels; precast reinforced concrete columns; floor

slabs made of precast flat reinforced concrete plates with a monolithic concrete topping.

2. Partial-frame: external walls made of precast concrete blocks; columns made of precast blocks;

slabs composed of precast reinforced concrete beams, slabs, and a monolithic layer.

3. Frameless: external and internal walls and floor slabs made entirely of monolithic reinforced

concrete.

The first and second types, due to their load-bearing limitations, are not suitable for their intended
use under wartime conditions. They may only serve as radiation protection shelters. Based on the
conducted studies, it is concluded that a new structural system using precast-monolithic components
is required to ensure both reliable protection and faster construction timelines.

Structural characteristics of the proposed precast reinforced concrete enclosing and load-bearing
elements include:

- External walls: precast reinforced concrete U-shaped panels with looped rebar projections, 300—

400 mm thick, 3300 mm high, and 2400 mm wide;
-Precast reinforced concrete sockets for column installation with reinforcement projections for
connection with the monolithic foundation slab, dimensions: 1200x1200x1000 mm,;
-Precast reinforced concrete columns with reinforcement projections at the top, dimensions:
2300%500%500 mm;
-Precast reinforced concrete floor slabs with holes for column reinforcement projections,
dimensions: 400-600%1500x1500 mm.

The top and bottom floor slabs are connected to the wall panels and over-column slabs through
reinforcement loops. The thickness of the monolithic floor slabs is 400 mm.

The structural system of the shelter must also include thermal insulation to ensure that the internal
wall surfaces are protected from fire exposure, maintaining temperatures not exceeding 30 °C.

1. DBN V.2.2-5:2023 “Protective structures of civil protection.” [Effective from 01.11.2023]. Kyiv: State Agency for
Construction and Housing and Communal Services of Ukraine, 2023. — 122 p.
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Mera 10CIiKEHHS — PO3POOUTH MPHHIMITA TPOSKTYBAHHS HOBOTO KJIACY CTAJIEBUX KOHCTPYKIIii
MOKPHUTTIB 3 MiIBUIEHUMH 3axucHUMHU BiactuBocTsMu (I13B) amst OyaiBens 1 copys KpUTHYHOI
iH}pacTpyKkTypy 1 UMBUIBHOrO MpPU3HAYCHHS. XapaKTEPHOK KOHCTPYKTHBHOIO O3HAKOK TaKHX
KOHCTPYKIII € pO3paxyHOK Ha JIil0 IMITyJbCHOTO HAaBaHTAXXCHHS BiJl MaIiHHA YJIaMKiB 3ac00iB
HOBITPSAHOTO Hamaxy. MeTonomnoris BU3HaYeHHS KOedillieHTiB AUHAMIYHOCTI IIpUBEACHA B pOOOTI
[1]. Okpemi umcinoBi gocmimkeHHs KoeilieHTiB AUHAMIYHOCTI i1 Yac J1ii 30CepeKEHOTO IMITYIbCY
npuBeeHi B podorax [1,2].

VY3araabHeHUM KOe]illieHTOM, SKUH NPHUBOAMTH KUIbKA THUIIB KOHCTPYKLIH crameBux Qgepm 3
napaeibHIMH T0sICaMu JI0 POOOTH 1/1eaIbHOTO IBOTABpa 3 MiABHUILCHOIO Ie(OpMallifo € mapameTp
nedopmarii 3cyBy mepepidy (k). 3ampomonoBano y [1] koedimienT (kG) BH3Ha4arOTh 4Yepes
BIJIHOILICHHST MPOTMHY CTajleBoi (epMH SK iJealbHOrO MABOTaBpa 0Oe3 medopmarii 3cyBy
epepisy - ubim 10 AIUCHOTO TPOTUHY CTAJICBOI KOHCTPYKIIii IIPU CTATUYHOMY HABAHTAKEHHI /i, st.
MowmeHT iHepiii craneBoi ¢pepmu MOKPUTTS (/) TPUAMAETHCS SIK [UTs ieanbHOro 1BoTaBpa (s x )
Lnx= kclypx (0,5<kc <0,9). Jlns 4YUCIOBHX JOCIHIDKEHb BaXJIMBE BU3HAYCHHS KoedilieHTa
JIUHAMIYHOCTI 32 IPOTUHAMH Kin,y,2 T2 KOS(DILIEHTA IMHAMIYHOCTI 38 3TMHAILHUM MOMEHTOM Kdin,M,2
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3anucaHa HinboBa (QyHKIiS BUTpAT CTalli HA KOHCTPYKIiIO TIOKPUTTS B KIACHYHIN MOCTAHOBLI.
TIpoBeneni YMCIOBI AOCTIKEHHS] BUTPAT CTali i BU3HAYCHI 3aKOHOMIPHOCTI 3MiHHU palliOHaIbHOL
BUCOTH (DepMH TIOKPHTTS B 3aJEKHOCTI Biil KOE(II[iEHTIB AUHAMIYHOCTI i CIIBBIJHOLICHHS MiX
IMITyJIbCHUM HaBAHT)KEHHSM 1 Baroro 3aXMCHUX KOHCTPYKIIif MOKPUTTS, BCTAHOBJICHO BILIMB Yacy
Oif iMmyiisey (T1) 1 3Ha4eHHS KoedimienTa k¢ Ha BuOip HalKpamoro pilieHHs CTaleBOl KOHCTPYKIIT
(bepmu OKPUTTSL. BpaxoBaHO TaKOX BIUTMB 3MiHU BHCOTH KOHCTPYKIii Ha KOJIOBY YacTOTY BIACHUX
KOJIMBaHb 1 Ha KOe(II[iEHTH IMHAMIYHOCTi. BCTaHOBIIEHI HOBI 3aKOHOMIPHOCTI BIUTMBY 4acy il
IMITYJIbCHOT'O HABaHTA)XCHHI Ha KOe(illi€HTH JMHAMIYHOCTI Ta pallioHajIbHYy BUCOTY CTaJIEBOi (hepmu
MOKPUTTS 3 TiIBUIIIEHUMHU 3aXUCHUMH BIACTUBOCTSIMH.

1. Binuk A.C., TeproBuii M.1. Uncinosi pociiukeHHs KoedilieHTiB AnHaMiuHOT poboTH cTajieBuX (hepM MOKPUTTS
TIPUBEJICHUX 0 OAIKOBOI KOHCTPYKIIii MIPH il 30CepeKEHOT0 iMImyibciBHOTO HaBaHTaxeHHs/ A.C.bimuk, M.I.
TepHoBuii / Onip Marepiaiis i Teopist ciopyi: Hayk.-TexH. 30ipauk. — K.:KHVYBA, 2024. — Bumn. 113. - C. 265-
274. DOI:10.32347/2410-2547.2024.113.265-274.

2. Ternovyy M. L, Bilyk A. S., Daurov M. K. A new research method for the dynamic properties of the steel roof
trusses using reducing bending rigidity and the shear deformation of the ideal i-beam model/ / Future of science:
innovations and perspectives. Proceedings of the 3rd International scientific and practical conference. SSPG
Publish. Stockholm, Sweden. 2025. Pp. 69-72. URL: https://sci-conf.com.ua/iii-mizhnarodna-naukovo-
praktichna-konferentsiya-future-ofscience-innovations-and-perspectives-26-28-01-2025-stokgolm-shvetsiya-
arhiv/. ISBN 978-91-87224-03-4.
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Rational designs of steel trusses with parallel chords taking into account the
action of concentrated impulse loading

Artem Bilyk, Candidate of Technical Sciences, Associate Professor of the Department of steel
and timber structures, https://orcid.org/0000-0002-9219-920X;

Maksym Ternovy, Assistant Professor of the Department of steel and timber structures,
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The purpose of the study is to develop a principles for designing a new class of steel structures of
roof trusses with increased protective properties for buildings and structures of critical infrastructure
and civil purposes. A characteristic design feature of such structures is the calculation of the action
of impulse loading from falling fragments of UAS. The methodology for determining dynamic
coefficients is given in [1]. Separate numerical studies of dynamic coefficients during the action of a
concentrated impulse are given in [1,2].

The generalized coefficient that leads several types of steel truss structures with parallel chords to
the operation of an ideal I-beam with increased deformation is the shear deformation parameter of
the section (kG). The coefficient (kG) is proposed to be determined through the ratio of the deflection
of the steel truss as an ideal I-beam without shear deformation of the section ntr,bim to the actual
deflection of the steel structure under static loading ntr,st. The moment of inertia of the steel truss of
the roof (Itr,x) is taken as for an ideal I-beam (Itr,b,x ) Itr,x = kGlItr,b,x (0.5<kG <0.9). For numerical
studies, it is important to determine the dynamic coefficient for deflections kdin,n,2 and the dynamic
coefficient for bending moment kdin,M,2 (1).
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The steel weight target function for the roof structure is written in classical terms. Numerical
studies of steel weight were carried out and the patterns of changes in the rational height of the roof
truss were determined depending on the dynamic coefficients and the ratio between the impulse load
and the weight of the protective structures of the roof, the influence of the pulse action time (t1) and
the value of the kG coefficient on the choice of the best solution for the steel structure of the roof
truss were established. The influence of the change in the height of the structure on the circular
frequency of its own vibrations and dynamic coefficients was also taken into account. New patterns
of the influence of the impulse load action time on the dynamic coefficients and the rational height
of the steel roof truss with increased protective properties were established.

1. Bilyk A. S., Ternovyy M. L., Numerical research of the coefficients of the dynamic work of steel framing covers
reduced to a beam structure under the action of a concentrated impulsive load // Strength of Materials and Theory
of Structures. Scientific-and-technical collected articles. — K.: KNUBA, 2024. — Issue 113. — P. 265-274.
DOI:10.32347/2410-2547.2024.113.265-274.

2. Daurov M. K. A new research method for the dynamic properties of the steel roof trusses using reducing bending
rigidity and the shear deformation of the ideal i-beam model/ // Future of science: innovations and perspectives.
Proceedings of the 3rd International scientific and practical conference. SSPG Publish. Stockholm, Sweden. 2025.
Pp. 69-72. URL: https://sci-conf.com.ua/iii-mizhnarodna-naukovo-praktichna-konferentsiya-future-ofscience-
innovations-and-perspectives-26-28-01-2025-stokgolm-shvetsiya-arhiv/. ISBN 978-91-87224-03-4.
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siiepHoro peakropa ap1000 na opranizaniro 0yaiBeJsHHX mpoueciB
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Tipnuno-memanypeitina akaoemis in. Cmaniciasa Cmawiya (m. Kpaxie, Ionvwa)

IIpoext simepuoro peakropa AP1000 mnepenbayae HHU3KY 1HHOBALUMHUX KOHCTPYKLUIHHO-
TEXHOJIOTTYHHX PillIeHb AJIs OyAiBeIbHUX KOHCTPYyKUid. [IpuKinagaMul yHIKaIbHUX PILLICHB € 3aXUCHA
000J10HKa Ta 3axucHa OyaiBist. ByniBis peakTopa CKiIagaeThest 3 BHYTPIIIHBOI 3aXMCHOI 000JIOHKH,
CTaJIEBOr0 KOPITYCYy IIiJi TUCKOM 1 HaBKOJIMIIHBOI 3aXUCHOI OyiBii. 3axucHa OyIiBISI YKPUTTS
3aIPOEKTOBAHA SIK CTAICOCTOHHA KOMIIO3UTHA KOHCTPYKIIis, 34aTHA BUTPUMYBAaTH CKCTPEMAJIbHI
30BHIIIHI PU3KKH, TAKI SIK 3eMJIETPYCH Ta yapH JIiTaKiB, 3a0e3MeUy04n TAKKM YMHOM BUIINI PIBEHb
3aXUCTY MOPIBHSHO 3 TPAAULIHHUMU 3aJ1i300€TOHHUMH KOHCTPYKIisIMH. BHyTpimHiil 3axucHuii
KOpPIIYC € HEBil'€MHOI0 YaCTHHOIO IIACHBHOI CHCTEMH OXOJODKEHHS Ha(u, IMPHU3HAYCHOI JULL
BiJIBE/ICHHS HA/UIMIIKOBOI TEIJIOBOI eHeprii 03 BUKOPUCTAaHHs aKTUBHHUX mpucTpoiB. KpiM Toro, B
peaktopi AP1000 BHKOPHUCTOBYIOTH CHCTEMHU CeHCMIUHOI i3omwii Ta nemndepu Macu Uit
3MEHILICHHS] BIUIMBY CEHCMIYHUX MOIUTOBXIB, LIO Ie OijblIe MiIBHILYe CTaOUIBHICTD 1 Oe3meuHy
PpOOOTY eJeKTPOCTaHIIIl SIK B HOPMaJIbHUX, TaK 1 B aBapiiiHuX ymoBax [1].

(.»: : ‘.‘-‘.I‘—\-.- il .:_r;r"'
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Puc.1 - Po3piz AP1000 [2] Puc.2 - KonTeiiHepHa eMHicTs [1] Puc.3 - Ilanens 3axucHoi Oymismi [1]

Opniero 3 KIOY0BUX iHHOBaMid mpoekty AP1000 € BUKOpHUCTAHHS TEXHOJOIil MOIYJIBHOTO
OyniBHMITBA. 3aBASKH IONEPEIHHOMY BHIOTOBJICHHIO KOHCTPYKLIHHMX 1 TEXHOJOTIYHHX
KOMIIOHEHTIB 32 MeXaMH Oy/iBeNbHOro MaiiaHduka ta 30ipii X Ha MiCLi, HPOEKT MOXKE 3HAYHO
CKOPOTHTH Yac BHKOHAHHS POOIT, 3HU3UTH BHUTPATH Ta MIJBUILUTU SIKiCTh BUKOHaHHA. OJHaK
BUKOPUCTAHHS MOJIyJIBHOTO BHPOOHMIITBA TAKOX CTBOPIOE MEBHI MpOOJIEMH, 30KpeMa JIOTICTHYHI
BHMOTH JIO TPAHCIIOPTYBAaHHS BEJIMKOTa0apUTHUX MOJYJIIB 1 TOYHOT KOOpAUHALIT 30ipKK Ha MicCLIi.

Mertoto mi€l CTaTTi € BU3HAUCHHS KIIIOYOBHUX YHIKAIBHHUX OYIIBEIBHUX IPOIECIB, BKIIOYAIOUH
JIOTICTUYHI TPOLECH, IO BIUIMBAIOTh Ha pearnizamito mpoekty AP1000. IIpoananizoBaHo BILTHB
KOHCTPYKLIHHUX 1 TEXHOJOTIYHHUX pillleHb Ha OpraHi3alilo Ta TEXHOJIOTiI0 OyIiBHULTBA, TEPMiHU
BHKOHAHHS POOIT, piBeHb NPOEKTHUX PH3UKIB. YpoKH MuHyIuX IHpoekTiB AP1000 e miHHEM
JOKEPEJIOM 3HaHb JUIsl MaOYTHIX SACpHUX IHBECTHIIIH, BKa3yFOUH HA BaXKJIMBICTh CTPATEriY4HOTO
TUTAaHYBAHHS, IHTErpalii cydacHMX OyAiBEIbHUX TEXHOJOTIH Ta THYYKOro MiAXOAY 0 MICIIEBUX
0COOIMBOCTEH MTPOEKTYBAHHSI.

1. Westinghouse AP1000 Design Control Document Rev. 18 - Tier 2 Chapter 3 - Design of Structures, Components,
Equipment and Systems, https://www.nrc.gov/docs/ML1034/ML103480517.pdf

2. Schulz, T. L. (2006). Westinghouse AP1000 advanced passive plant. Nuclear Engineering and Design, 236(14—
16), 1547-1557. https://doi.org/10.1016/J.NUCENGDES.2006.03.049
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The design of the AP1000 nuclear reactor introduces numerous innovative design and material
solutions in the field of civil engineering. A notable example of these unique solutions is the
containment building and the surrounding shield building. The reactor building consists of an internal
containment, a steel pressure vessel, and the outer shield building. The shield building is designed as
a composite steel-concrete structure, capable of withstanding extreme external hazards such as
seismic events and aircraft impacts, thereby providing a higher level of protection compared to
traditional reinforced concrete designs.

The internal containment vessel is an integral part of the passive containment cooling system,
which is designed to remove excess thermal energy without the use of active mechanical systems.
Furthermore, the AP1000 reactor employs seismic isolation systems and tuned mass dampers, which
mitigate the impact of seismic shocks, further enhancing the stability and operational safety of the
plant under both normal and accident conditions. [1]
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Fig.1. AP1000 Section [2] Fig.2. Containment Vessel [1] Fig.3. Shield Building Panel [1

One of the key innovative features of the AP1000 design is the implementation of modular
prefabrication technology. The off-site prefabrication of structural elements, followed by their on-
site assembly, allows for a significant reduction in construction time, cost savings, and improved
quality of workmanship. However, modular prefabrication also presents challenges, including the
logistical requirements for transporting large modules and the need for precise coordination during
on-site assembly.

The aim of this study is to identify the key unique construction processes, including logistical
processes, that influence the course of AP1000 project execution. The analysis focuses on the impact
of design and material solutions on construction organization and technology, project execution time,
and risk management. The conclusions drawn from past AP1000 projects provide valuable insights
for future nuclear investments, emphasizing the importance of strategic planning, the integration of
advanced construction technologies, and a flexible approach to local project conditions.

1. Westinghouse AP1000 Design Control Document Rev. 18 - Tier 2 Chapter 3 - Design of Structures, Components,
Equipment and Systems, https://www.nrc.gov/docs/ML1034/ML103480517.pdf

2. Schulz, T. L. (2006). Westinghouse AP1000 advanced passive plant. Nuclear Engineering and Design, 236(14—
16), 1547-1557. https://doi.org/10.1016/J.NUCENGDES.2006.03.049
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Mera mociipKeHHsT — OIiHKa BIUIUBY BHOYXy Ta yJapy CHapsiiy Ha 3ariuOJieHy B IPYHTOBE
CEepeIOBHILE 3aXHUCHY CIOPYLY.

Puc.1 - Posnoain mnactuunnx pedopmariii B ciopyai #Ha  Puc.2 - Posnoxin miactTuyaux edpopmariii B criopyai
rimbui 0,5 M B pe3ynbrarti aii BUOyXy Ha rnbuHi 0,5 M B pesynbTati yaapy

B poGoti mpexcraBieHi pe3ynbTaTH OLIHKK BILIMBY BHOYXy Ta yjxapy Ha 3aryiMOJIeHy y IpYHT
3aXMCHY CIIOpPYIYy BHKOHaHI y mporpaMHOMy Komiuiekci Ansys/LS-Dyna. Cropynpa, mio
aHali3yBajach € MOJYJbHOIO KOHCTPYKLIEIO SKa CKJIQJA€TbCst 3 JBOX KPYNHOPO3MIPHHX
3a/1i300C€TOHHUX CJIEMCHTIB, 3aHypEHA B IPYHTOBE CEPEOBHILE, B SKOCTI SKOro oOpaHuil milaHui
TPYHT.

IIpu cTBOpenHi po3paxyHKoBOT Moeni 3arubIieHa cropya MoJienoBaiach citkoro Jlarpanxa, a
IPYHT, IOBITPsI, NPOCTip HABKOJO 3aryMOIeHOi CHOpyaM Ta 30Ha BHOYXY 3a JONOMOIOIO CiTKU
Eiinepa. Taxuil miaxig nae 3MOry BUKOPUCTATH NEpeBaru 000X METOLIB.

Po3zpaxyHku Ha Jito BIJIMBY BUOYXOBOI yAapHOI XBHJIl CIPUYMHEHOT BUOYXiBKOIO Macow 50 kr y
TPOTHJIOBOMY EKBIBaJICHTI NMPOBOJMIIMCS JUI TPbOX BapiaHTIB 3ariuOJIEHHS CIOPYAM: OOCHIKa
rpyHTOM TOBLIMHOIO 0,5 M; 3ariubenHs B rpyHT Ha 1,0 M Ta Ha 1,5 M. JlocuipkeHo, 1m0 301IbIIeH s
rIMOWHM 3aHypeHHs criopyau 3 0,5 M 10 1 M 3MeHIIye THCK, 110 BUHUKAE Ha TOBEPXHI criopyau B 20
pasiB, il epeMillleHHs 3MEHIIYIOThCS B 4 pa3u, HalpYKEHHS B apMaTypi 3MEHIIyIoTbcsa Ha 68% Ta
3HAYHO MCHILIC PO3MIpU 30HH IUIACTHYHHX JedopMatiii.

TIpu mocnikeHHI BIUIUBY BiJ yaapy cHapsity Macoto 200 Kr, 10 pyXaeTbcest 31 mBUaKicTio 50 M/c
i KyToM 60° 10 TOBEpXHi IPYHTY CIIOpyAa 3aHyproBanack Ha riubuny 0,1 m ta 0,5 M. BecTanosieno,
Mo 30UIBIICHHS IJIMOMHH 3aHYPCHHS CHOPYAM 3HIDKYE CTYIIHb HONIKODKCHHS 3ariuOIeHOT
CIIOPY M, KUIBKICTh ITOMIKOKCHUX YAAPOM 30H IpH 301ib1eHi 3 0,1M 1o 0,5M 3MmermIyeTses Ha 80%
TOOTO IPYHTOBHII IIPOIIAPOK TOBIINHOKO 0,5M 100pe BUKOHYE 1eMpyIouy (yHKIIO.

1. Bojanowski, C., & Kulak, R. F. (2010, June). Comparison of lagrangian, SPH and MM-ALE approaches for
modeling large defor-mations in soil. In 11th International LS-DYNA® Users Conference, Dearborn, MI, pp11-
45 to (pp. 11-55).

2. Tabatabaei, Z. S., & Volz, J. S. (2012, June). A comparison between three different blast methods in LS-DYNA:
LBE, MM-ALE, Coupling of LBE and MM-ALE. In 12th In-ternational LS-DYNA Users Confer-ence (Vol. 3,
pp. 1-10).
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The purpose of the study is assessment of the impact of an explosion and shell strike on a protective
structure embedded in the soil environment.

-

Fig.1 - Distribution of plastic deformations in the structure at Fig.2 - Distribution of plastic deformations in the
a depth of 0.5 m as a result of the explosion. structure at a depth of 0.5 m as a result of the impact.

This study presents the results of an assessment of the effects of explosion and impact on a buried
protective structure using the Ansys/LS-Dyna software suite. The analyzed structure is a modular
construction consisting of two large-sized reinforced concrete elements, embedded in a soil
environment modeled as sandy soil.

In the creation of the computational model, the buried structure was modeled using a Lagrangian
mesh, while the soil, air, space around the structure, and the explosion zone were modeled using an
Eulerian mesh. This hybrid approach allows for the benefits of both methods to be utilized.

The simulations of explosive impact caused by a 50 kg TNT-equivalent charge were conducted
for three burial depth scenarios: soil backfill of 0.5 m; burial depths of 1.0 m and 1.5 m. It was found
that increasing the burial depth from 0.5 m to 1.0 m reduces the pressure on the structure's surface by
a factor of 20, reduces displacements by a factor of 4, decreases reinforcement stress by 68%, and
significantly reduces the size of the plastic deformation zone.

In the study of impact effects from a 200 kg projectile traveling at 50 m/s at a 60° angle to the soil
surface, the structure was buried at depths of 0.1 m and 0.5 m. It was determined that increasing the
burial depth significantly reduces the extent of damage to the buried structure: the number of damaged
zones decreased by 80% when the burial depth increased from 0.1 m to 0.5 m. This indicates that a
0.5 m thick soil layer effectively performs a damping function.

1. Bojanowski, C., & Kulak, R. F. (2010, June). Comparison of lagrangian, SPH and MM-ALE approaches for
modeling large defor-mations in soil. In 11th International LS-DYNA® Users Conference, Dearborn, MI, pp11-
45 to (pp. 11-595).

2. Tabatabaei, Z. S., & Volz, J. S. (2012, June). A comparison between three different blast methods in LS-DYNA:
LBE, MM-ALE, Coupling of LBE and MM-ALE. In 12th In-ternational LS-DYNA Users Confer-ence (Vol. 3,

pp. 1-10).
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VY nociikeHHI TpoaHaTi30BaHoO BIUTMB METO/Y MOJCIIOBAHHS OCHOBH IUIUTHOTO ()YHIaMEHTY B
cHCTeMi «OCHOBa-()yHIAaMEHT-HAJI3eMHI KOHCTPYKII{» Ha pO3MOALT HAmpyXeHb i aedopmarii y
KOHCTPYKISAX OyaiBesnb. PO3risHyTO ABa MiAXOAM O MOJCTIOBAHHS OCHOBH: 1) 3aCTOCYBaHHs
Koe(iLieHTIB )KOPCTKOCTI OCHOBHU (puc.l); 2) BUKOpUCTAaHHsS 00’€MHHMX CKIHYCHHHMX €JIEMEHTIB 3
NPY>KHUM 3aKOHOM JiepopMyBaHHs (puc.2).

JocnimpkyBana OyiBisl BKIIIOYAE JIBI CYMDKHI CEKIIil, KOXKHA 3 SIKMX Mae: JeB’SITh HAJ3EMHHUX
MOBEpXiB BHKOHAHUX i3 30IpHUX 3ai300€TOHHUX CTIHOBHMX IaHeNeid TOBIIMHOIO 160 MM; oauH
miJ3eMHUH MOBepX (BHKOHAHUH 13 MOHOIITHOTO 3ali300€TOHY), SIKMI BHKOHYBaTHME (YHKIIIO
cropyau nosiitnoro npusHauenns (CITIT).

Puc.1 — Mogens i3 BukopucTaHHAM Koedimientie Puc.2 — Mogens i3 BHKOPHCTaHHSIM 00’ €MHHX
JKOPCTKOCTi OCHOBH JIUIA BPaXyBaHHs B3a€MOJII 3 IPYHTOM  CKiHYEHHHX €JIEMEHTIB JUIS MOJICIIOBAHHS IPYHTOBOTO
MacuBy

B mexax OyniBeabHOro MailJaHUMKy BUSIBICHO I1'SITh iHyKeHepHO-Teosoridnux exemeHtis (IFE):
1) HacunHuit rpyHT; 2) CyrMHOK Tyromiactuunuii, E=25MIla; 3) micok Minkuii, cepeaHboi
IIIJIBHOCTI, MAaJoOro CTymeHs BojoHacuueHHs, E=32Mlla; 4)cyrinMHOK M’SIKOIUIACTUYHUIM,
E=16MIla; 5) micok MiJIKuii, IITbHUI, MaJIOT0 CTyIEHs BojgoHacuyeHHs, E=39MI]a.

BukoHaHO MOpIBHAHHS: a) OCigaHHSA (QYHIAMEHTIB; 0) 3STMHAIOYMX MOMEHTIB y (yHIaMCHTaX;
B) BEPTHKaIbHI Ta TOPU30HTAJbHI HAIPYKECHHS Yy MOHOJITHUX 3ali300€TOHHHUX CTiHAX IIiIBaly;
T') 3rUHAIBHUX MOMEHTIB Y IUTHTI MEPEKPUTTSI HaJ[ COpyaor mnojisiiHoro mpusnaueHus (CIIIT);
1) TOPU30OHTANIbHI Ta BEPTUKAIbHI HANPYXKEHHS Y CTIHOBUX MAHENsAX THUIIOBOTO IOBEPXY;
€) nepeMilleHHs TapaleTHUX CTIHOBUX MaHes el y TOPU30HTANIbHIH IUIOLIMHI; %K) BUTPAYCHHIi Yyac Ha
PO3paxyHOK MOZEIII.

1. Hocenko B.C. BrumB »0OpCTKOCTI HECyYMX KOHCTPYKI[H OyAMHKY 3i 30ipHOro 3aii300eTOHy Ha HarpysKeHO-
neopmoBaHnii craH (yHmameHtiB i3 Oypoin’exuiiinnx nambs / B.C. Hocenko, O.A. Kpusenko // OcHoBH Ta
¢dyHnameHTH : HayKoBo-TexHiuHMil 30ipHMK / - KuiB : KHYBA, 2020. - Bum 40. - C. 48 — 57.
https://doi.org/10.32347/0475-1132.40.2020.48-57

2. Kynanenxo 1.B. UncenpHuii aHami3 METOAIB po3paxyHKy IPyHTOBOi OCHOBH Ta METO/IIB BU3HAYCHHA KOe(DillieHTiB
nocreni/ 1.B. )Kynanenko // OcHoBu Ta pyHIaMEHTH : HAYKOBO-TeXHiuHMIA 30ipHUK / - Knis : KHYBA, 2020. - Bum.
41.- C. 64 —71. https://doi.org/10.32347/0475-1132.41.2020.64-71
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The study analyzes the influence of the slab foundation base simulation method in the "base-
foundation-above-ground structures" system on the distribution of stresses and strains in building
structures. Two approaches to base simulation are considered: 1) the use of base rigidity coefficients
(Fig.1); 2) the use of volumetric finite elements with an elastic deformation law (Fig.2).

The building under study includes two adjacent sections, each of which has: nine above-ground
floors made of precast reinforced concrete wall panels 160 mm thick; one underground floor (made
of monolithic reinforced concrete), performing the function of a dual-purpose structure (DPS).

Fig.1 - Model wusing foundation stiffness Fig2 - A model using volumetric finite
coefficients to account for interaction with soil elements for modeling a soil mass

Five engineering-geological elements (EGE) were found within the construction site: 1) fill soil;
2) firm-stiff silt, E=25 MPa; 3) fine sand, medium density, low water saturation, E=32 MPa; 4) firm
silt, E=16 MPa; 5) fine, dense sand, low water saturation, E=39 MPa.

The following was compared: a) foundation settlement; b) bending moments in foundations;
c) vertical and horizontal stresses in monolithic reinforced concrete basement walls; d) bending
moments in the floor slab above a dual-purpose structure (DPS); d) horizontal and vertical stresses in
wall panels of a typical floor; f) displacement of parapet wall panels in the horizontal plane; g) time
spent on model calculation.

1. Nosenko V.S., Krivenko O.A. Vpliv zhorstkosti nesuchih konstrukcij budinku zi zbirnogo zalizobetonu na
napruzheno-deformovanij stan fundamentiv iz buroin’ekcijnih pal' (Influence of house bearing construction rigidi-
ty of precast reinforced concrete on stress-strain state Continuous Flight Auger (CFA) piles foundations) /
V.S. Nosenko, O.A.Krivenko // Bases and Foundation. — 2020. — issue 40. — p. 48 — 57.
https://doi.org/10.32347/0475-1132.40.2020.48-57

2. Zhupanenko I1.V. Chisel'nij analiz metodiv rozrahunku rruntovoi osnovi ta metodiv viznachennya koeficientiv
posteli (Numerical analysis of methods for calculating the soil base and methods for determining bed coefficients)
/ 1.V. Zhupanenko // Bases and Foundation. — 2020. — issue 41. — p. 64 — 71. https://doi.org/10.32347/0475-
1132.41.2020.64-71
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[Mornum6aenus coiBnpaii 3 €Bpoco30M y TPAHCHOPTHII cdepi Ta BUKOPUCTAHHS TPAH3UTHOTO
HOTeHIiary YKpalHH € BaIMBHM HAIIPSIMKOM CHiTbHOI TpaHcropTHOI momituku. ChoromHi
peari3yroThest iHQpacTPyKTypHI IPOEKTH Ta MIPOEKTH TEXHIYHO] 1 BificbkoBoi monomoru. Haii6inem
aKTyaJbHUMH JUIS METaroNiciB € MUTaHHs, 1T0B’sI3aH1 i3 3pOCTaHHM IapKy TPaHCIIOPTHHX 3ac00iB
Ta pyxXy 3aJi3HUYHOrO TPAHCIIOPTY MOOJIM3Y UMBUIBHUX OyaiBens i copya. Bigomo, mo pyxomuit
CKJIaJ] € JDKepelioM BiOpaliil y IpyHTI, sSKi BIUIMBAIOTh Ha MPWICTII JI0 3aJi3HUYHUX Marictpaiei
OymiBmi. BiOparii MOXyTh BHKIMKATH HEPIBHOMIpHE oOcCiaHHS (YHIaMEHTIB Ta IOJaTKOBI
HaMpyXXCHHs B eJeMeHTaX Kapkacy OyaiBeib. Ha TemepimiHiii yac Hemae JOCTaTHBOI KiJIBbKOCTI
BIPOTiZHHX JAHUX K BiOparii Bil pyXOMOro cKiagy po3IOBCIOMKYIOTECS B IPYHTI 1 BILIMBAIOTH Ha
criopyau. Oco0nMBO, BaXIIMBUMH € BpaxXyBaHHS IOJATKOBUX JUHAMIYHHX HABAHTaXXCHb BiJ
PYXOMOTO CKIIamy IPH JOCTIKEHHI IWHAMI4HOI HMOBENIHKH 0araTONOBEPXOBHX OyIiBelb, SKi €
OLIBII YyTIMBUMH JO CEHCMIYHOrO Ta BITPOBOI'O HABaHTAKCHb. BUKOHAHHS yMOB Oe3aBapiiiHOI
eKCIUTyaTalii 6ararornoBepXoBUX Oy/iBeNb € HEOOXIJAHUM JUIs HMONEepPEeIUTH iX pYyHHYBaHHIO Ta
30epeKEHHS YKUTTS JIIOJICH.

Jlocni/pKeHO BIUTMB HaBaHTAXKEHb BiJl PyXOMOIO CKJIaJy Ha KapKac BHCOTHOI cekilii odicHOro
LEHTPY, 0 PO3TAllIOBaHa MOOIN3Y PyXy 3ali3HUYHKX IOTATIB Y MIChKil 3a0ym0Bi. MaTemMaTu4yHe
MO/ICIIFOBAHHS TUHAMIYHOI TOBEIIHKH 0ararormoBepxoBoi OyaiBii mpW [ii HABaHTAXEHHS BiJ
PYXOMOro CKJIay BUKOHAHO B /iBa eTanu. Ha mepiiomy erari 10CiIiPKeHO BIUIMB HABaHTAKEHHSI BiJl
PYXOMOT'O CKJIay, IO NEPEAEThCsl Yepe3 0anacToBy HMPH3MY, HAa AMHAMIYHY HOBEIIHKY OCHOBH.
CKIHYCHHOGJIEMEHTHAa MOJENb 0aaacToBOi MPU3MHU 1 IPYHTY MOOyJOBaHA y BHUIJISII IUIOCKOTO
MPYXHOIUIACTHYHOTO HAMIBIIPOCTOPY A0BKHHOI0 200 M i rinbuHoro 60 M. banacroBa npusma i IpyHT
3MOJICJIbOBAHI CYKYITHICTIO TUIOCKUX NMPSIMOKYTHHX | TPUKYTHUX €JIEMEHTIB 13 LIICTbMa CTEICHSIMHU
BUIBHOCTI y BY3J1i 3 BIJNOBIAHUMH (Di3MKO-MEXaHIYHMMM XapakTepucTukamu. Ha npyromy erari 3a
JIONOMOTOI0 KBa3iCTaTHYHOTO METO/LY JIOCIIDKEHO HAPY)KeHO-1eGpopMoBaHHui cTaH OyaiBii pH Aii
KiHeMaTH4HOro 30y KenHs 1pyHTy. CopmoBana 3D monens 25-110BepXoBOT MOHOJIITHO-KapKacHOT
cekuii 0(iCHOTO LEHTPY 3 9-TIOBEPXOBHUM MapKiHroM. BiUkoHaHUI MOIabH1IT aHai3 Oy TiBI, OTpUMaH]
¢dopmu 1 wacToTH BiacHUX KonuBaHb. KiHemaTwuHe 30yIKEHHS IPYHTY HPEICTABICHO Y BUIJIANI
BEKTOPIB IPHUCKOPEHb, 1[0 HNPHKIAJCH] 10 BUCOTI GyHHaMeHTYy OyauHKy. J[MHamidHa IOBEIiHKA
BHCOTHOI OyiBil JIOCHTI/DKEHa 3a JIOIOMOTOK CHEKTpajbHOro MeToay. IlepeBipeHi ymoBH
Ha/IIHHOCTI 1 KOHCTPYKTHBHOI Oe3Meku OyaiBii npu J1ii KOMOiHAIIT HABaHTaXXEHb, 1110 BKJIFOYAE BIUIHUB
BiOparlii rpyHTY OCHOBH.

[IpeacraBneHnii YkceNnbHUIA TIIXi JO3BOJUB JOCIIAUTH JUHAMIYHHN BILUIHB PYXOMOTO CKIIATy
Ha PO3MOBCIOKCHHS BiOpalliii B TPYHTI, BU3HAYUTH HPUCKOPEHHS TPYHTY Ha PI3HUX BIJICTaHHSX i
rIMOMHAX OCHOBH, JOCIITUTH JUHAMIYHY MOBEIIHKY 0araTornoBepXoBOi KapKacHOi OymiBii mpu Iil
PO3paxyHKOBHX HaBaHTaXEHb 03 1 3 ypaxyBaHHSM BiOpaliil Big pyxomoro ckiany. JociipkeHHs
HPOIEMOHCTPYBAJIO, IO BIUIUB BiOpawil IPyHTY BiJl pyXOMOTO CKJIaJy € IOMITHAM Ha PiBHi OCHOBH
OyiBili, HABITH HA BiJICTaHI, 10 JO3BOJICHA JePKABHUMH Oy IiBeIbHHUMH HOPMaMU

1 JIyx’stnuenko O.0., Kocrina O.B., I'epanienko O.B. BrumiB HaBaHTa)XEHHS Bil pyXOMOTO CKJIaJy Ha JMHAMidHY
noBeliHKy OaratonoBepxoBoi Oyisii // Omnip maTepianis i Teopis ciopya. —2014. — Ne 93. — C. 100-109.
http://opir.knuba.edu.ua/files/zbirnyk-93/14.pdf
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Enhancing collaboration with the European Union in the transport sector and utilizing Ukraine's
transit potential are important directions in joint transport policy. Today, infrastructure projects and
initiatives involving technical and military assistance are being implemented. The most pressing
issues for metropolises concern the growing number of vehicles and railway traffic near civilian
buildings and structures. It is well-known that rolling stock generates vibrations in the soil that affect
buildings located near railway lines. These vibrations can lead to uneven settlement of foundations
and additional stresses in the structural elements of buildings. Currently, there is a lack of reliable
data on how vibrations from rolling stock propagate through the soil and impact nearby structures.
Of particular importance is the consideration of additional dynamic loads from rolling stock when
analyzing the dynamic behavior of multi-storey buildings, which are more sensitive to seismic and
wind loads. Ensuring safe operational conditions for multi-storey buildings is essential to prevent
their destruction and protect human lives.

The influence of loads from rolling stock on the frame of the high-rise section of an office center
located near railway traffic in an urban area has been investigated. The mathematical modeling of the
dynamic behavior of a multi-story building under rolling stock loads was carried out in two stages.
In the first stage, the impact of the rolling stock load, transmitted through the ballast prism, on the
dynamic behavior of the foundation was studied. The finite element model of the ballast prism and
the soil was developed in the MSC NASTRAN software environment as a planar elastic-plastic half-
space with a length of 200 meters and a depth of 60 meters. The ballast prism and soil were modeled
as a combination of flat rectangular and triangular elements with six degrees of freedom at each node,
incorporating appropriate physical and mechanical properties. In the second stage, using the quasi-
static method, the stress-strain state of the building under the action of soil kinematic excitation was
analyzed. A 3D model of a 25-story monolithic-frame section of the office center with a 9-story
parking structure was created. A modal analysis of the building was conducted, and the forms and
frequencies of its natural oscillations were obtained. The soil kinematic excitation was represented
by vectors of accelerations applied along the height of the building’s foundation. The dynamic
behavior of the high-rise building was examined using the spectral method. Reliability and structural
safety conditions of the building under a combination of loads, including the effect of soil vibration,
were verified.

The proposed numerical approach enabled the investigation of the dynamic impact of rolling stock
on vibration propagation in the soil, the determination of ground accelerations at various distances
and depths of the foundation, and the analysis of the dynamic behavior of a multi-storey frame
building under calculated loads, both with and without the influence of vibrations caused by rolling
stock. The study demonstrated that ground vibrations caused by rolling stock are noticeable at the
building's foundation level, even at distances permitted by national construction standards.

1. Lukianchenko O.0., Kostina O.V., Geraschenko O.V. Influence of loading is from a rolling stock on the dynamic
behavior of multi-storey building // Strength of Materials and Theory of Structures. — 2014. — Issue. 93. — P. 100-
109. http://opir.knuba.edu.ua/files/zbirnyk-93/14.pdf
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Merta J0CHIPKEHHST — MPOEKTYBAaHHS AUCKPETHUX 00OJOHOK CIIOPYZ CIIELiaNbHOTO MPU3HAYCHHS
(OCCII) miz BIUTMBOM 30BHIIIHIX KOMOIHOBAHUX BILUTMBIB i3 3aCTOCYBaHHSIM CTaTHKO-T€OMETPHYHOTO
merony (CI'M) npukiaznnoi reomerpii [1]. Buxkopucranns CI'M Ta exeMeHTIB Teopii moss 103BoJisie
onucyBaru piBHoBary auckpetHux mognenei OCCII mig giero GpyHKIIOHAIBHO ONMMCAHUX 30BHILIHIX
BIUIUBIB, 3aJJaHUX y ()OPMi BEKTOPHUX KOMIOHEHTIB, IPUKJIAICHHUX JI0 BY3JIiB BiIIOBIJHUX MOJCIICH.

[punimnu podoti KoHCTpyKTHBHEX eneMeHTiB Ta popma OCCII, sk mpaBuio, BU3HAYAETHCS IIe
Ha erami eckizyBaHHs. Ha nboMy 5k erami BCTAaHOBIIOIOTBCS M INPHUHLUIM B3aeMOAii ycix
KOHCTPYKTHBHHX €JIEMEHTIB (BKitoyaroun criocodou ix cnomydenss) [3]. CI'M e edextuBHUM
IHCTPYMEHTOM (pOPMOYTBOPEHHSI, SIKHil 03BOJIsIE OTPUMYBATH PalliOHAII30BaHI AUCKPETHI 00pasn, y
eNIEMEeHTaxX SIKMX HE BHUHUKA€ 3IUHAJBHMX Ta KPYTHUX MOMEHTIB, IO POOUTH ofepkaHy (opmy
JIOBTOBIYHIIIO0, CTIMKIIIOO 10 PI3HUX BH/IB HABAHTAXKEHb Ta (DyHKI[IOHAIBHILIO B €KCILTyaTallii.

[Ipoobpa3om poOOTH YTBOPIOBAaHHMX JUCKPETHHX O0pa3iB € CITYACTI CTPYKTYPH, CIEMEHTH SIKUX
MPAIIOIOTh BUKIFOYHO Ha CTHCKa a00 po3wsir. BoxHouac CI'M e 10BOII MPOCTHM 1 HAOUHHM 3aCO00M
MoIeTFoBaHHs. MartemarudHe BHpilieHHs 3amaqi GopmoyTBoperHs: 3a CI'M momnsirae B ckiagaHHi
CHCTEMH PIBHSHb CTaTUYHOI PIBHOBArU AJIsl yCIX BUIBHUX BY3JIiB MOJIEN, 3 MOJAIBIINUM i1 PO3B’S3KOM
BiIHOCHO HEBIJJOMHMX KOOP/MHAT i BITbHUX By3JiB [2]:

2P Rij+P=0. (1)

TyT: n — KUIBKICTh BBY3JIiB CYMDKHHX 3 i-M; P; — BeKTOpHA cyMa CHJI, IO Jii€ Ha KOXXCH BY3OI;
R; j — BHYTPIIUHI 3yCHJUIS, 10 BUHUKAKOTL Y CTEPIKHAX; IHIAEKCH 7,/ BiANOBIIAIOTH BUILHUM By3Jam
MOJIEJIi, CIIOYYEHHUX JIAHKOHO.

IIpoexkiiiror0un BeKTOPHI KOMITOHEHTH piBHSHHS (1) Ha KOOpAMHATHI 0Ci, MO)KEMO 3arucaTi Horo y

PO3TOpHYTIH (opmi:
i kij) si—Xizi(kij - s) + P =0. (2)

Tyt, s — y3arajbHeHe MO3HAYCHHS [EKAPTOBMX KOOpAMHAT (X, y Ta z); k;j — KoedilieHT
MIPONIOPLIHHOCTI BHYTPILIHIX CHIT R;;j 10 JOBXKHH BIAMOBIHHUX JIAHOK MOJIENi Oi,.

3aKau iCHye Takuil BapiaHT, pO3MOALTY 3yCHJIb Yy EIeMEeHTax KOHCTPYKIIl, 3a sSKOro yci
koedinienn k; ; piBHi Mix coboto: k;; = k = const. B TakoMy BUNajKy piBHAHHS (2) CIPOLLYETHCS
JI0 HacTyIHOI (opmu:

n-s;—Njy 8+ P /k=0. (3)

3acTocyBaHHs BIiAIOBITHOTO MiAXOLy AO MOJETIOBAHHSA 3HAYHO CKOPOUye IpoLeC MOOYZOBU
piBHSHB piBHOBarm Ta (OPMOYTBOPEHHS IIYKAHOTO JUCKPETHOTO 00pa3y, HEe3aJeKHO Bil HOro
BUMIPHOCTI Ta KIUJIBKOCTI By3JiB. JlaHMi MiXix 103BOJISE MpaloBaTH 3 00pa3ami, IO MICTATh SIK
peryisipHi, Tak 1 HeperyiaspHi (parMeHTH CiTYaCTHX CTPYKTYp. BeKTOpHI KOMIIOHEHTH I10js
30BHIlIHBOIO BIUIUBY P; MOXYTb 3MiHFOBATH CBOE 3HAYEHHS y KOXKHill TOYHI POCTOPY, & TAKOX MaTH
SK CTQTHYHUM TakK 1 JUHaMi4HWI Xapakrep nii. BesMoMeHTHiCTH oTpuMaHUX (GOpPM KOHCTPYKILH
IIPU3BOAUTH 10 3HIDKCHHS BUTpAT OyJiBEIbHUX MaTepialliB Ta eHeprii Ha IX 3BeJCHHS.

1. KoBansoB C.M. dopmyBaHHs IUCKPETHUX MOJEIeii MOBEPXOHB MPOCTOPOBUX apXITEKTYPHUX KOHCTPYyKLii. duc. ...
Jokropa TexH. Hayk. 05.01.01. M. : MAI, 1986.

2. Cxouxo B.I. Metoau iHTepnpeTaniiiHoro reoMeTpHIHOrO MOJICIIOBAHHS CITYACTHX CTPYKTYpP Ta iX 3aCTOCYBAaHHS.
Juc. ... noxropa TexH. Hayk : 05.01.01. K. : KHVBA, 2021.

3. bona T., Ckouko B. , JluckperHe (opMOyTBOPEHHSs IOBEPXOHb. MiKHApOJHA HAYKOBO-TIPAKTHYHA KOH(pEPEHIIis
Monoux BueHnX «byn-Maiictep-Kmac-2018»: Te3u nom. Kuis: KHYBA, 2018. C. 260-261.

78



V Misicnapoona naykoeo —npakmuuna kongepenyia «Byoieni ma cnopyou cheyianbho2o npusHaueHHs:
cyuacnimamepianu ma xonempyxyiiy (14-16 mpasnsa 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Preliminary shaping of discrete shells of special-purpose structures under
the influence of external combined effects

Vitalii Ploskyi, Doctor of Technical Sciences, Professor, Head of the Department of
Architectural Constructions, https://orcid.org/0000-0002-2632-8085

Roman Pasko, PhD, Doctoral student, Department of Architectural Structures,
https://orcid.org/0000-0002-3313-0368

Oleksandr Ishchuk, Student, https.//orcid.org/0009-0009-8265-3438

Kyiv National University of Construction and Architecture

The aim of the study is to design discrete shells of special-purpose structures (SSPS) under the
influence of external combined effects using the static-geometric method (SGM) of applied geometry
[1]. The use of the StGM and elements of field theory allows us to describe the equilibrium of discrete
models of special-purpose structures under the influence of functionally described external
influences, given in the form of vector components applied to the nodes of the corresponding models.

Typically, the principles of operation of OSSP structural elements and forms are determined in the
sketch phase. At the same time, the principle of interaction of all structural elements (including the
ways of their connections) is determined [3]. SGM is an effective moulding tool that allows for
orderly discrete representations that do not generate element bending moments and torque, which is
more robust, resistant to various types of stress, and operates and performs. The aim of this study is
to develop discrete sherries from special poses (SSPs). [1]. Using elements of SGM and field theory,
we are able to describe the balance of modest models of special structures under the influence of
functionally explained externalities, specified as vector components applied to the nodes of the
respective model.

The prototype of the work of the formed discrete images is mesh structures, the elements of which
work exclusively in compression or tension. At the same time, the SGM is a fairly simple and visual
modelling tool. The mathematical solution to the problem of shaping using the SGM consists in
drawing up a system of static equilibrium equations for all free nodes of the model, followed by its
solution with respect to the unknown coordinates of its free nodes [2]:

Xi=1Ryj+P=0.

Here: n is the number of nodes adjacent to the i-th; P; is the vector sum of forces acting on each
node; R; ; is the internal forces arising in the rods; indices i,j correspond to the free nodes of the model
connected by the link.

By projecting the vector components of equation (1) onto the coordinate axes, we can write it in

an expanded form:
K= kig) -si - Xjoa(kij - s5) + P =0.

Here, s is a generalised notation for Cartesian coordinates (x, y and z); ) k; ; is the coefficient of
proportionality of internal forces R; jto the lengths of the corresponding links of the model &; ;..

There is always such a variant of force distribution in structural elements in which all the
coefficients k; ; are equal to each other: k; j=k=const. In this case, equation (2) is simplified to the
following form:

n-s;- Z;’L:l Sj + Pis/k: 0.

Using the appropriate modelling approach will significantly reduce the design of the discrete image
of interest, regardless of the process of building the equilibrium equation and its size and number of
nodes. This approach allows you to work with images containing both normal and irregular fragments
of the network structure. The vector components of the external fields P;; can change their values in
any space and have both static and dynamic effects. The resulting lack of instantaneous shape leads
to a reduction in the consumption of building materials and energy for construction.

1. Kovalev S.M. Formation of discrete models of surfaces of spatial architectural structures. Thesis ... Doctor of
Technical Sciences. 05.01.01. M.: MALI, 1986.

2. Skochko V.I. Methods of interpretive geometric modelling of mesh structures and their application. Dissertation ...
Doctor of Technical Sciences: 05.01.01. K. : KNUBA, 2021.

3 Bovda T., Skochko V., Discrete shaping of surfaces. International Scientific and Practical Conference of Young
Scientists «Build-Master-Class-2018»: abstracts. Kyiv: KNUBA, 2018. C. 260-261.
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ExcrpemainbHi a00 BHMITaJKOBI HAaBAHTAXKEHHS MOXYTb CIIPUYMHHUTHU JIOKaJIbHI 3001 BcepeanHi
KOHCTPYKIIIi, 1[0 3pEIITOr0 MIPU3BEJIE 10 porpecyrodoro obranenus. Lle pyiitHyBaHHs BiOyBa€eThCs,
KOJIM BiIMOBA OJTHOTO 200 TPYIHU eIEMEHTIB IHIIIFO€ MOIABIII BiJIMOBH, IO B KIHI[EBOMY ITiICYMKY
NPU3BOAUTH 10 YaCTKOBOTO a00 MOBHOTO PYHHYBaHHS KOHCTPYKIii. PyiHYBaHHS CTpYKTypH
BiZIOYBA€THCsI, KOJM CHUCTEMi HE BJAETHCS JOCATTH HOBOTO CTaHy PIiBHOBAark Micis JIOKAIbHOT
BiamMoBH. KOHCTpyKuifiHHI KoJarnc Moke OyTH Kiacu(iKOBaHUI SK MPOTPECYOYHi, SKIIO
NOIIUPEHHsT PyWHYBaHHA € PEe3yJbTaTOM JIOKAJIBHOIO PYHHYBaHHS, a OCTATOYHE OOBAJEHHS €
HETPOIOPLIHUM  MOYAaTKOBOMY JIOKAIIBHOMY IOIIKO/DKEHHIO. [IpHYMHOI0  [POrpecyrouoro
00BaJICHHs] MOXKYTb OyTH HE TiJIbKH BUOYX a00 MoexKa, aje il BUXiJl eJIeMEHTIB KOHCTPYKIIT 3 Jaxy
4yepe3 HempaBWJIbHE IPOEKTYBAHHS, HEIOTPHUMAHHS TEXHOJIOTIl BHMIOTOBJIEHHs, ab0 yMOB
eKcIuTyaTailii. BaMBiCTh aHaNi3y HPOrpecyrouoro oOBaleHHs KOHCTPYKINH 3HAYHO 3pociia uepes
Ppi3HOMAaHITHI aBapii KOHCTPYKLIH y CBITi 1 B YKpaiHi.

JlocnmipKeHHsT POTPecyrovoro OOBalieHHsT OOOJOHKOBHUX KYIMOJNBHHUX KOHCTPYKIiH (puc. 1)
po3moyanucs Mi3Hille, HiXK KapKacHUX, HacaMIlepe]l Yepe3 BiTHOCHO MEHIIY KIUIbKICTh BHIAJIKIB
IIPOrPECY0YOro OOBAJICHHS KOHCTPYKIIA IbOro KJIACy MOPIBHSHO 3 KapkacHMMH. KimbkicTh
nyOuikamii Mo Temi IpPOrpecyrodoro oOBaJeHHS OOOJIOHKOBHX KOHCTpYKIiH obOMmexeHa. Ile
MAKPECTI0E HEOOX1HICTh MOJATBIINX TOCITIKEHB.

Slkmio Ha movyatky BHBYCHHS Ili€i MPOOJEMH OCHTIJHHKIB I[IKABUJIO TMOIIMPEHHS JOKaIbHOL
HEecTalOIbHOCTI, IO MPU3BOJUTH JO 3arajbHOI BIJMOBH, TO MIi3HIII JOCIIUKEHHS B OCHOBHOMY
30Cepe/DKEHI Ha J[BOX HANpsMKax: aHali3 IOBEAIHKH KOHCTPYKIII, 1[0 BHBYAE PEAKIIO IMiCis
BU/IaJICHHSI €JIEMCHTA Ta BUSIBIICHHS MEXaHI3MIB 3aro0iraHHs pyiHHYBaHHIO.

= - = 1?__ :
Puc.1. KynonsHi KoHCTpYKIii

ExkcrnieprMeHTanbHi JTOCHIDKEHHS 3 BHU3HAUYCHHS OIOpPY IPOTrpPEcyrdoMy pyHHYBaHHIO abo
KPUTHYHHUX €JIEMEHTIB, SIKi B OCHOBHOMY 3aCHOBaHi Ha METOJI albTEPHATUBHOIO LUISXY, LIHPOKO
npencTaBieHi B 3apyOixkHii miteparypi [1]. Pe3ynbrati eKkcriepuMeHTIB A7l BUSBJICHHSI MEXaHI3MIB
3armo0iraHdss OOBaJCHHIO MPOCTOPOBHX IPAaTYACTUX KOHCTPYKIH IHUISXOM  JIOCIIJKECHHS
miACTpyKTyp HaBesneHl B [2]. ExcrniepuMeHTallbHI JOCHI/DKEHHS € CKJIaJHUMH, 3aTPATHUMH 1
TPYJIOMICTKMMH, TOMY IIHPOKO 3aCTOCOBYIOTHCSI YHCENIbHI METOIHM 33 PaXyHOK 3aCTOCYBaHHS
BHCOKOIPOIYKTUBHHX TIPOTPAMHHIX KOMIUICKCIB 3 TOYHHM 1 NIBHIKAM aHATi30M JaHUX.

AHaNTHYHI  JOCTI/UKEHHsI  BUCTYNAKOTh  SK  JOJAATKOBMH  MiAXiJg Ui HPOBEACHHS
EKCIIEPHUMEHTAIBHUX 1 YUCEIIbHUX JOCIIPKEHb 000JIOHKOBHX KOHCTPYKIIiii Ta MOXe OyTH HOTY>KHUM
IHCTPYMEHTOM JUTsl pO3YMIHHS iX TOBEAIHKH IpH 00BasieHHi. [Ipy npoMy mpobiema nporpecyroyoro
OOBaJIEHHSI CITYACTHUX OOOJOHOK PO3IVISIAETHCS LULIXOM 3HAXOPKEHHS KPUTHYHUX EJIEMEHTIB
KOHCTPYKIIIH.

1.Y. Xu, Q.-H. Han, G. Parke, Y.-M. Liu, Experimental study and numerical simulation of the progressive collapse
resistance of single-layer latticed domes, Journal of Structural Engineering 143 (9) (2017) 04017121.
https://DOI:10.1061/(ASCE)ST.1943-541X.0001868

2. L. Tian, J. Wei, J. Hao, Anti-progressive collapse mechanism of long-span single- layer spatial grid structures,
Journal of Constructional Steel Research 144 (2018) 270-282. https://DOI:10.1016/j.jcsr.2018.02.004

3. JlizyHos, II., JIyk’sinuenko, O., Kocrina, O. (2022). MozenioBanHs pOrpecyiovoro pyiHyBaHHs KapKaCHUX
OyniBeunb Bij ceficmivnoro BruBy. Scientific Collection «InterConf+», (24(121), 374-384.
https://doi.org/10.51582/interconf.19-20.08.2022.035
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Extreme or random loads can cause local failures within a structure, eventually leading to
progressive collapse. This type of failure occurs when the failure of one or a group of components
triggers subsequent failures, ultimately resulting in partial or total structural destruction. Structural
collapse happens when the system cannot achieve a new equilibrium state after a local failure. A
destruction is considered progressive if the spread of failure is a result of local destruction, and the
final collapse is disproportionate to the initial localized damage. Progressive collapse can be caused
not only by explosions or fires but also by the failure of structural components due to improper design,
non-compliance with manufacturing technology, or operational conditions. The importance of
analyzing progressive structural collapse has grown significantly due to various structural failures
worldwide and in Ukraine.

The study of progressive collapse in dome shell structures (fig.1) began later than in frame
structures, primarily due to the relatively fewer cases of progressive collapse in shell structures
compared to frame structures. The number of publications on the topic of progressive collapse of
shell structures is limited, emphasizing the necessity for further research.

Initially, research on this problem focused on the propagation of local instability leading to overall
failure. Later studies have been primarily concentrated on two directions: analyzing structural
behavior to study the response after the removal of an element and identifying mechanisms to prevent
collapse.

Fig 1. Dome structures

Experimental studies to determine resistance to progressive collapse or critical elements, mostly
based on the alternate path method, are widely represented in foreign literature [1]. The results of
experiments aimed at identifying mechanisms to prevent the collapse of spatial lattice structures by
studying substructures are presented in [2]. Experimental studies are complex, costly, and labor-
intensive, which is why numerical methods are widely applied, leveraging high-performance software
packages for precise and fast data analysis.

Analytical studies serve as a complementary approach to experimental and numerical studies of
shell structures and can be a powerful tool for understanding their behavior during collapse. The
problem of progressive collapse in lattice shells is addressed by identifying critical structural
elements.

1. Y. Xu, Q.-H. Han, G. Parke, Y.-M. Liu, Experimental study and numerical simulation of the progressive collapse
resistance of single-layer latticed domes, Journal of Structural Engineering 143 (9) (2017) 04017121.
https://DOI:10.1061/(ASCE)ST.1943-541X.0001868

2. L. Tian, J. Wei, J. Hao, Anti-progressive collapse mechanism of long-span single- layer spatial grid structures, Journal

of Constructional Steel Research 144 (2018) 270-282.
https://DOI:10.1016/j.jcsr.2018.02.004

3. Lizunov, P., Lukianchenko O., Kostina O. (2022). Modeling the progressive destruction of frame buildings from
seismic impact. Scientific Collection «InterConft», (24(121), 374-384. https://doi.org/10.51582/interconf.19-
20.08.2022.035
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TMopiBHSIHHS MeTOMK PO3PAXYHKY MapaMeTpiB BUOYX0OBO-yIapHOi XBUJIi 115
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Meroto aHoi poOOTH € OmIsiA ICHYIOUMX METONHMK IH)KEHEPHO-aHAITUYHHUX PO3pPaxyHKIB
BU3HAYCHHS OCHOBHHUX XapaKTepHUCTHUK BHOyxoBO-yaapHoi xBuii (mami — BYX) Big 3acobiB
MOBITPSIHOTO Hamay MpoTHBHUKA. Po3paxyHok nmapaMerpiB BY X 3anuinaerbcest akTyanbHUM 1 3apas,
X0ua oMy IMPHUCBAYEHO JOCUTH BEJIMKA KiIbKIiCTb IyOutikarii. B uiit po6oTi cripodyemo y3araabHUTH
1 HABECTH OCHOBHI iCHYI04YI METOJMKH BU3HAa4YeHHS napamerpis BYX.
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Puc. 1. [Tapametpu AeTOHALiHHOT BUOYXOBO-YAapHOT XBHITI
B pamkax paHoi poOoTu Oylio BHKOHAHO MOpIBHSHHS mapamerpiB BYX BusHaueHux 3a
HACTYITHUMH METOJUKAMH:
1. Po3paxyHnok 3a emmipuunumu gpopmynamu M.O. CanoBcbKoro;
2. Po3paxyHOK 3a METOJMKOIO 3ampornoHoBanoo bipopaepom N.A;
3. PozpaxyHok 3a Metoaukoro bpoje;
4. Po3paxyHok 3a meroaukoro Kinnes i ['paxama;
5. Po3paxynok 3a meroaukoto Kinrepi-bynmaia 3 Bukopucranusam rpagikis UFC 4- 023-02.
ITpoBeneHo anami3 i MOPIBHSHHS Pe3yJbTaTiB I KOXKHOI 3 METOJMK BU3HAUEHHS IapaMeTpiB
BYX ju1s Ha3eMHOr0 Ta MOBITPSIHOrO BUOYXY HPH ABOX PO3PAXyHKOBUX CUTYALIsIX:
® IIpU HEMPSIMOMY YpakeHHI paketn X-22 Ha BicTaHi 15 M Bifl CHOPY/IH, 110 pO3paXOBY€THCS;
e 1pu HenpsiMoMy ypaxenHi briJIA tumy “Shahed -136” 3 neroHarieio Ha BincTaHi SM Bij
CIIOPYAH, IO PO3PAXOBYETHCSI.
ITpoBenenuii anami3 Jae MOXJIMBICTH 3pO3YMITH PI3HHLIO B BH3HaueHHI napamerpis BYX 3a
PI3HUMU METOMKAMH, a OTKE 1 PEKOMEHyBaTH KOHKPETHI METOMKH JUIs IPOBEAEHHS 110JaIbIINX
PO3paxyHKIB CHIOPY/I BIZIOMHMH METOAaMHU OY/IiBEIbHOT MEXaHIKH.

1. Denys Mykhailovskyi, Thor Skliarov Methods of calculation and engineering protection of critical infrastructure
objects and other strategic facilities against long-range projectiles / Strength of Materials and Theory of Structures:
Hayk.-Tex. 30ipH. — K.: KHYBA, 2023. — Bun. 111. — C. 155-171. DOI: 10.32347/2410-2547.2023.111.155-1712.

2. Muxaiinoscekuii 1. B., bimuk A. C., Cxisipos 1. O. Po3paxyHOK KOHCTPYKILiii Oy tiBeb i ciopy 1 Ha if OCHOBHUX
(akropiB ypaxkeHHs 3ac00iB HoBiTpsiHOro Hamaxy: Monorpadis / Muxaiinoseskuit J1. B., Binuk A. C., Cxispos
I. O. Kuis: Kapasena, 2024. — 92 ¢. ISBN 978-960-801-874-7
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The purpose of this work is to review the existing methods of engineering and analytical calculations for
determining the main characteristics of the explosive shock wave (hereinafter - ESW) from enemy air attack
means. The calculation of ESW parameters remains relevant even now, although a fairly large number of
publications. In this work we will try to summarize and present the main existing methods for determining ESW
parameters.
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Fig. 1. Parameters of the detonation explosion shock wave

In the framework of this work, we compared the calculation of the parameters of the ESW by the
following methods:
1. Calculation by the empirical formulas of M.O. Sadovsky;
2. Calculation by the method proposed by Birbraer 1.A;
3. Calculation by the method of Brodeur;
4. Calculation by the method of Kinney and Graham;
5. Calculation by the Kingery-Bulmash method using UFC 4-023-02 charts.
After the analysis, the results for each method of determining the parameters of the ESW for a
ground and air explosion were calculated and compared in two design situations:
e indirect hit by an X-22 missile at a distance of 15 m from the structure under consideration;
eindirect hit by a Shahed-136 UAV with detonation at a distance of 5 m from the structure
under consideration.
The analysis makes it possible to understand the difference in determining the parameters of the
ESW by different methods, and therefore to recommend specific methods for further calculations of
structures by known methods of structural mechanics.

1. Denys Mykhailovskyi, Thor Skliarov Methods of calculation and engineering protection of critical infrastructure
objects and other strategic facilities against long-range projectiles / Strength of Materials and Theory of Structures:
Hayk.-tex. 30ipH. — K.: KNUCA, 2023. —rel. 111. — p. 155-171. DOL: 10.32347/2410-2547.2023.111.155-1712.

2. Mykhailovskyi D.V., Bilyk A.S., Skliarov 1.0. Rozrakhunok konstruktsii budivel i sporud na dii osnovnykh
faktoriv urazhennia zasobiv povitrianoho napadu (Calculation of building and structure structures based on the
main factors of impact of adverse air attacks): Monohrafiia / Mykhailovskyi D. V., Bilyk A. S., Skliarov 1. O.
Kyiv: Karavela, 2024. — 92 s. ISBN 978-960-801-874-7.
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Cranesi 6ajxu i3 3MiHHMM nepepizoM, BUOIp oNTUMAJIBLHOI TONOJIOTIT
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Meta oCHipKeHHsT — BUKOHATH YHCIIOBI JIOCHI/DKEHHS 3 BHOOPY pallioHaabHOI KOHCTPYKIIT
KOHCOJIbHOI OalKi MOKPHUTTS HaBiCy HaJ TpUOyHaMH, sika BHTOTOBJIEHA i3 JBOTaBpa i3 3MiHOIO
LIMPUHOIO TOJIMLI 1 3MIHHOIO BUCOTOIO CTIHKH.

Oco6uuBicTIO poOOTH 0alOK 3MIHHOTO i3 3MIHHOK BHCOTOIO CTiHKH i BHCOTOIO IOJHIN €
BUHUKHEHHS MaKCHMaJbHHX HAlpy)KeHb B Tepepi3, SKUil He CHiBIagae i3 mepepizoM, 1e Hie
MaKCHMalbHUH 3ruHabHI MoMeHT [ 1,3]. [omryk parioHanbsHOT TOMOIOTT KOHCTPYKIT Oalku mpu
JIHIAHIA 3MiHI TpajieHTa TUIBKU MIMPUHM TOJHUI 1 MOCTIIHOK BHCOTOK CTIHKU MPUBEACHHN B
pobotax [ 2,3]. B po0orti [4] BUKOHAHO JOCIIHKEHHS 13 MOLIYKY PalliOHAIbHUX KOHCTPYKILIN pam i3
3MIHHOIO BHCOTOIO CTIHKH 1 TOCTIHHOIO BUCOTOO CTIHKH.

3aaya BUOOpPY HAMKpAIIOro pillIeHHs TOMOJIOTIT KOHCTPYKIUIT TPy JIiHiiHIH 3MiHI ITMPUHY MOJIHI
i CTIHKM BHpillleHa MeToJ0M MHOXHHUKIB Jlarpamxka [1]. B OCHOBY KOHCTPYKTHBHOTO PpillICHHS
JIOKa3aHa YMOBA ONTHMAIIbHOCTI BCi€T KOHCTPYKIIiT Yepe3 BUKOHAHHS YMOBH ONTUMAIBLHOCTI KOYKHOTO
repepizy: IJION[a CTiIHKK JOPIBHIOE IUIOIII JIBOX MOJIHIb. AJie HPH JiHIHHOMY 3MEHIICHHI BHCOTH
CTIHKH 1 NIMPUHHU TIOJHIb Yy HANPSIMKY 3MEHIICHHS 3MMHAJIBHUX MOMEHTIB 301IbIICHHS IIHPHHH
IIOJIMILII B IEpepi3i Je /i€ MaKCHMAaJbHUI 3rMHAIBHUNA MOMEHT, ajle HE BHHUKAIOTh MAaKCHMAJbHI
HAINpy>XeHHsI TIPUBOJUTH 10 JOJATKOBUM BHUTPATaM CTali, a caMa TOIMOJIOTis KOHCTPYKIIi He MOXKe
OyTH ONTHMAIILHOIO.

3arpornoHOBaHO Mi/IXiJ] BAKOPUCTAHHS y (i3MKO-MaTeMaTH4HI MO/IeJli BUKOPHCTOBYBATH MOJIHMII 3i
3MIHHHM HAmpsSMKOM TpajieHTa 3MiHM monuii. Takuil HOBMHA MIAXiJ  pallioHaJIBHOTO
KOHCTPYKTUBHOTO PIllIEHHs IPUBOJUTH 10 HAOIMIKEHHs 10 ONTHMAaIbHOI KOHCTPYKIIii ABOTAaBPOBOTO
repepizy MpH JiHIHHIA 3MiHI BHCOTH CTIHKH 1 O OLIBIIICTh TePepi3iB KOHCTPYKIIIT IO TOBKHHI.

[IpoBeaeHi YKCIOBI JOCIIIKEHHS BU3HAYCHHS PALliOHAILHOT TOIMOJIOTi KOHCTPYKIIIT 38 3BeICHUMHU
BuTpaTamu craii. Ha mpukiaai BiAHOMICHH] MOTOYHKUX HAMPY)KEHb 10 JIOBXKHHI B MEpepizax pi3HUX
KOHCTPYKIIi# TIOKa3aHO, 10 YMM OLIbIIE € IUISHOK 3MiHH IPaliEHTa 3MIHU MEpepi3y CTIHOK 1 MOJIHIb
TUM O1IbIIIe KOHCTPYKILiSI HAOIIMKAETHCS 10 ONTUMATBHOL. Tak K KifMbKiCTh 3MiHU MEPEPi3y AUISHOK
€ HE TEXHOJIOTIYHIUM KOHCTPYKTHBHHUM PIIIICHHSIM, TIOKa3aHO, [0 B MEXaX AOCTATHIX BUTpPAT CTalli €
JIONYCTUMa MHOXKHMHA KOHCTPYKTUBHHUX DillleHb 3a BUTpaTaMu cTani. TakuM 4uHOM, 3a/1a4a MOIIyKy
paLioHaTIBHOTO Mepepisy CTaleBUX JABOTABPOBHX OAJOK i3 JIHIHHOI 3MIHHOIO MIMPHHOIO MOJHII 1
CTIHKH € 33a71a4el0 13 aleKBaTHUMH YMOBAaMH ONTHMI3arlii.

1. Dzhanov L.V., Bilyk S.I., Bilyk A.C. Rational topology of steel I-beams with different rates of web height and
flange width variation at specified sections along the beam length. — K.: KNUBA, 2025. — Issue 114. - P. 329—
338. https://doi.org/10.32347/2410-2547.2025.114.329-338.

. bimuk, A. ., binmuk, C. ., Tmitin, O., [Ixanos, JI. (2022). OnTuMaibHa BHCOTa CTAJEBHX JBOTaBPOBHX OAJOK 3i
3MIHHOIO IIHPUHOIO nonHib. byaiBenshi koncTpykuii. Teopis i npakruka, (12), 42-52.
https://doi.org/10.32347/2522-4182.12.2023.42-52

. bimuk A, Hyxuuii B, JIxanos JI., Ilepectiok B. (2020). OcoGauBocTi aHamiTHYHOTO PO3B’SI3KY 3ajadi Hpo
NepeMillleHHs] KOHCOJIbHHUX CTaJeBHX OajoK 3i 3MiHHOIO IIMPHHOIO TOJHMIb. ByaiBenbHi KoHCTpyKiii. Teopis i
npaxTtuka, (7), 85-92. https://doi.org/10.32347/2522-4182.7.2020.85-92

. Bilyk S.I., BilykA.S., Nilova T.O., Shpynda V.Z., Tsyupyn E.I. Buckling of the steel frames with the I-shaped
cross-section columns of variable web height // Strength of Materials and Theory of Structures: Scientific-and-
technicalcollected articles — Kyiv: KNUBA, 2018. — Issue 100. — P. 140-154.
http://nbuv.gov.ua/UJRN/omts_2018 100_13
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The aim of this study is to conduct a numerical investigation to identify a rational structural
solution for a cantilever roof beam above stadium stands, fabricated from an I-section with variable
flange width and web height.

A key feature of the behavior of I-beams with variable geometry is the emergence of maximum
stresses in cross-sections that do not coincide with those subjected to the maximum bending moment
[1,3]. Previous studies [2,3] explored rational topology in beams with linearly varying flange width
and constant web height, while [4] examined the inverse—variable web height and constant flange
width in steel frames.

The current work extends these results by addressing the topology optimization problem under
simultaneous linear variation of both flange width and web height, using the Lagrange multipliers
method [1]. The proposed structural principle is based on the proven optimality condition, stating that
in a rational cross-section, the area of the web equals the total area of the flanges.

However, in cases of monotonic reduction of web height and flange width along the span,
increased flange area at the point of maximum bending moment—but not maximum stress—leads to
additional steel consumption, making the design suboptimal.

A new approach is proposed by introducing reverse-gradient flange variation into the physical—
mathematical model. This leads to topological configurations that more closely approximate the
optimal shape for beams with linear geometric variation in most of their span.

The numerical results evaluate the rationality of a beam's topology based on normalized steel
consumption. It is shown that the more segments with variable gradient in web and flange geometry,
the closer the design approaches optimality. Since an excessive number of variation segments may
be impractical for fabrication, the study also demonstrates that there exists an admissible set of
rational structural solutions within acceptable steel usage limits.

Thus, the problem of determining the rational cross-section for a steel I-beam with linearly variable
flange width and web height is formulated as an optimization task with well-defined and adequate
constraints.

1. Dzhanov L.V., Bilyk S.I, Bilyk A.C. Rational topology of steel I-beams with different rates of web height and
flange width variation at specified sections along the beam length. — K.: KNUBA, 2025. — Issue 114. - P. 329—
338.
https://doi.org/10.32347/2410-2547.2025.114.329-338.

2. Bilyk, A., Bilyk, S. ., Glitsn, O., & Dzhanov, L., (2022). Optimal height of steel I-beams with changing the width
of the flanges. Building constructions Theory and Practice, (12), 42-52. — Ukr
https://doi.org/10.32347/2522-4182.12.2023.42-52

3. Bilyk, A., Nuzhniy, V., Dzhanov, L., & Perestiuk, V. (2020). Features of the analytical solution of the problem of
displacement cantilever steel beams with variable flange depth. Building Constructions. Theory and Practice, (7),
85-92. https://doi.org/10.32347/2522-4182.7.2020.85-92 — Ukr

4. Bilyk S.I., BilykA.S., Nilova T.O., Shpynda V.Z., Tsyupyn E.I. Buckling of the steel frames with the I-shaped
cross-section columns of variable web height // Strength of Materials and Theory of Structures: Scientific-and-
technicalcollected articles — Kyiv: KNUBA, 2018. — Issue 100. — P. 140-154.
http.//nbuv.gov.ua/UJRN/omts_2018_100_13
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Po3paxyHOK Ha BOrHECTIHKICTh CTIHOBHX KOHCTPYKIIii 13 OJIOKIB KepaM3UTOOCTOHHUX TMOTPeOye
HAsIBHOCTI JIAHUX MIOJI0 3MIHU TEIUIO(I3HYHUX XapaKTePUCTHK KepaM3UTOOECTOHY 3a IiJBHILIECHUX
TeMIIepaTyp B yMOBax BOTHEBOIO BIUIMBY Moxkexki. HarioHanbHI cTaHIapTH 3 pO3paxyHKy Ha
BorHecriiikicts JICTY-H b EN 1994-1-2 i JICTY-H b EN 1996-1-2 micTsiTh 0OMeKeHi 1aHi 10710
TEII0(I3NYHNX XapaKTEPUCTHK JICTKUX OCTOHIB, 30KpeMa KepaM3UToOeToHy. IopiBHANBHUIA aHA3

UX XapaKTEPUCTUK HABEIEHO B Tabmmii 1.

Ta6muit | — HopmatuBHI TeIodi3nyHi XapaKTepUCTUKH JIETKUX OSTOHIB

HopmaTusuuii Temmneparypa,d. TemnonposinHicTs, HHTOM.a
Tycruna, po, Kr/m® o e TEIIOEMHICTB,
JIOKyMEHT C o, Br/(M'K) co, Jix/(xr-K)
1 2 3 4 5
JACTY-HB EN 400-600 20 0,10-0,15 1170
1996-1-2 600-1000 20 0,21 1170
1000-1600 - - -
JCTY-HB EN 20 < 6. < 800 1,0 — (6. /1600)
1994-1-2 1600-2000 0. > 800 0.5 840

Po3paxyHKOBI TeIIO(i3udHi XapaKTEPHCTUKU KEPaM3UTOOCTOHY 3a IiABHINCHUX TEMIEPaTyp B
yMOBax TOXexi OyJM NPUIHATI 3 ypaXyBaHHSIM EKCIEPHUMEHTAIBHHMX IaHHX, IO HaBeJeHI y
nyomikamisx [1, 2]. Po3noain temmneparyp y mepepisi cTiHM 3aBTOBIIKH 250 MM 3 MOBITPSIHUM
MIPOIIAPKOM 31 CrapeHHX OJIOKIB KepaM3MTOOETOHHHX, micis 180 XB BOTHEBOTO BILIMBY MOXKEXKI,
OyJI0 OTPUMAHO 3a Pe3yNbTaTaMH PO3PaxXyHKY METOJOM CKIHYCHHHX CJICMEHTIB y NMPOrpaMHOMY
komruiekci LIRA-FEM 2024.

B
| I Lﬁfﬁ:ﬂﬁﬁ E.—
E

a
Puc.1 — Posnoain temneparyp y nepepisi crinu miciist 180 XB BOTHEBOTO BIUIUBY TTOXKEKi:
a- TOPU30HTAIILHOMY; 6- BEPTUKAIBHOMY

1. Mehran Shahpari, Patrick Bamonte, Shahram Jalali Mosallam, An experimental study on mechanical and thermal
properties of structural lightweight concrete using carbon nanotubes (CNTs) and LECA aggregates after exposure
to elevated temperature, Construction and Building Materials, Volume 346, 2022, 128376, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2022.128376

2. Martinez-Martinez, J.E.; Alvarez Rabanal, F.P.; Lazaro, M.; Alonso-Martinez, M.; Alvear, D.; del Coz-Diaz, J.J.
Assessment of Lightweight Concrete Thermal Properties at Elevated Temperatures. Appl. Sci. 2021, 11, 10023.
https://doi.org/10.3390/app112110023
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Structural fire design of the expanded clay aggregate masonry wall structures needs the availability
of the thermal properties of expanded clay aggregate at elevated temperatures in case of fire exposure.
National standards for structural fire design, such as DSTU-N B EN 1994-1-2 and DSTU-N B EN
1996-1-2, contain limited data on the thermal properties of lightweight aggregate concrete,
particularly of the expanded clay aggregate. A comparative analysis of this data on the thermal
properties is given in Table 1.

Table 1. Characteristic values of thermal properties of lightweight aggregate concrete

. Temperature Thermal Speciﬁg heat
National Standard | Density, po, kg/m? 0., °C ’ conductivity, Lo, capacity,
© W/(m-K) co, J/(kg'K)

1 2 3 4 5
DSTU-N B EN 400-600 20 0,10-0,15 1170
1996-1-2 600-1000 20 0,21 1170

1000-1600 - - -

DSTU-N B EN 20 < 6. < 800 1,0 — (6. /1600)

1994-1-2 1600-2000 0. > 800 05 840

Design values of the thermal properties of expanded clay aggregate at elevated temperatures in
case of fire exposure were taken with account of experimental data given in [1, 2]. Thermal
distribution in the wall cross-section with a 250 mm thickness with an air cavity between leaves of
double leaf wall under 180 minutes duration of standard fire exposure was taken as a result of finite
element method (FEM) analysis with LIRA-FEM 2024 software.

B Y
=REE bt

]
a b
Fig.1. Thermal distribution in the wall cross-section under 180 minutes duration of standard fire exposure:
a- horizontal; 6-vertical

1. Mehran Shahpari, Patrick Bamonte, Shahram Jalali Mosallam, An experimental study on mechanical and thermal
properties of structural lightweight concrete using carbon nanotubes (CNTs) and LECA aggregates after exposure
to elevated temperature, Construction and Building Materials, Volume 346, 2022, 128376, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2022.128376

2. Martinez-Martinez, J.E.; Alvarez Rabanal, F.P.; Lazaro, M.; Alonso-Martinez, M.; Alvear, D.; del Coz-Diaz, J.J.
Assessment of Lightweight Concrete Thermal Properties at Elevated Temperatures. Appl. Sci. 2021, 11, 10023.
https://doi.org/10.3390/app112110023
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JlocnimpkeHHs CipsIMOBaHE Ha BUBYCHHSI Cy4acHUX eHepProe(heKTUBHUX MaTepialiB i KOHCTPYKIIiH,
3 0COOJIMBOIO yBarow 10 MarepiamiB i3 ¢asoBum nepexogom (PCM), 3 MeTOK MiABUIICHHS
e(eKTUBHOCTI aBTOMAaTH30BaHUX CHCTEM TEIUIONOCTAaYaHHsI )KUTIOBUX Oy IMHKIB.

VY nocnijpkeHHi 0cO0IMBA yBara HpHIiieHa IHHOBALIHHUM MaTepiaiaM 3 ()a30BHM IEPEX0J0M
(PCM), siki 3maTHI aKyMyJIroBaTH Ta BiJyiaBaTH 3HA4yHI OOCSTH TEIJIOBOI €Heprii mpu 3MiHi
arperaTHoro crany. B tabmumi | mpeacTaBieHO MOPIBHIBHUN aHA3 OCHOBHHX XapaKTEPUCTHK
pi3Hux tunis PCM.

Ta6u. 1. BnactuBocTi MaTepiaiiB 3 pa30BHM Mepexo oM

Tun PCM TemnepaTypoa Temora ¢azoBoro Mepenaru Hexomiki
1aBJeHHs, °C nepexony, kJlK/kr
Mapadism 20-70 120-210 CraGimaicts, Husora
HETOKCHYHICTh TEILIONpPOBiIHICTh
Kupni kucnotu 16-65 155-180 BHCOK? Kop O311Ha
TEIIOEMHICTh AKTHBHICTh
Tinparu coneit 15-117 150-240 Bucoxa reniora PosmapyBanns
IUIABIICHHS
EBTexkTHUHI Touna
L -5-140 100-230 TemIepaTypa Bucoxka BapTicTh
cyminmi
IUIABIICHHS

ExcrepuMenTabHa MOZIEb CHCTEMH TEIUIONOCTaYaHHs 3 iHTerpoBanuMu PCM Oyna pospobiena
Ha 6a3i maboparopii Humber Polytechnic North Campus m. ToponTo.
OCHOBHI ITapaMeTpH CKCIIEPHMEHTAIBHOT MOJIETI:
- TEIJIOHOCIH — Bozia, TeMueparypHuii rpadik 65°C moxaui ta 45°C 3BOpOTHOI BOIH;
- TEIUIOBA MOTYKHICTh €JIEKTPUYHOrO KOTEIBHOTO arperary— 5 kBr;
- 00'em Termno-akymyisitopa 3 PCM — 50 i
- tun PCM — napadin 3 Temneparypoto miasnenss 45°C;

- cUCTeMa yIpaBIliHHsS — Ha 0a3i MPoOrpaMoBaHOro JoriuHoro koHrposepa PLC cepii Siemens
S7-1200;

B xo1i eKCriepuMeHTy JAOCTI Ky BaIHCh:
- MaTepiany i KOHCTpyKUii 3 hasoBum nepexonom (PCM);
- 3natHicTh PCM 3ri1ajKyBaTy MMiKOBI TEIUIOBI HABAHTAXKECHHST,
- e(PeKTHBHICTh POOOTH CHCTEMH 3 PI3HUX PEKUMIB CIIO)KUBAHHS;
- B3aemoziss PCM 3 aBTOMaTH30BaHOIO CUCTEMOIO YIIPABIIiHHS.
HaBaHTa)KeHHS 3MIHIOBAJIOCS BIIMIOBITHO JI0 YOTUPHOX PEIKHMIB:
- Pexxum 1 — crangaprae HaBanTaxeHHs (50% BiJ po3paxyHKOBOI MOTYKHOCTI);
- Pexxum 2 — ninBuiieHe HaBanTaxeHHs (80% BiJ po3paxyHKOBOI MOTYKHOCTI);
- Pexxum 3 — MakcumanbHe HaBaHTaxeHHS (100% Bix po3paxyHKOBOI OTYKHOCTI);
- PexxuM 4 — 3MiHHUI peKKM, 1110 BiITBOPIOE T0O0BY AMHAMIKY CHOKUBAHHSI.
Pesysnbrati ekcepuMEHTANbHUX JOCHIDKEHb MMOKa3allk, 1o BrpoBapkeHHs PCM nozsosse
3HU3MTH IIKOBE CIIOXKMBaHHS eHeprii Ha 25-30%, 3MEHIINTH KOJIMBAHHS TEMIIEPAaTypH TEIUIOHOCIS
10 +1,5°C Ta NiABUILKUTH 3arajibHy eHeproe()eKTUBHICTh CHCTEMH Teruionocrayanus Ha 15-20%.

1. Cwit, JIx., & Bpayn, P. (2023). CyuacHi marepiann Juist eneproedekTuBHUX OyaiBenbHHX cucteM. Enepris ta
Oymiii, 135, 167-185. https://doi.org/10.1016/j.enbuild.2023.113215

2. Jlxoncon, I1. (2022). Marepiann 3 ¢azoBum nepexogom y cucremax OBKIIL: ormsaa. MixuapoaHuii sxypHan
TeruoBuX Hayk, 80, 238-254. https://doi.org/10.1016/j.ijthermalsci.2022.107777

88



V Misicnapoona naykoeo —npakmuuna kongepenyia «Byoieni ma cnopyou cheyianbno2o npusHaueHHs.:
cyuacnimamepiaiu ma koncmpykyiiy (14-16 mpasns 2025 p.)

DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Energy-efficient materials and structures in automated heating systems

Oleksii Nikitenko, PhD student at the department of urban construction and architecture,
https://orcid.org/0000-0002-0052-5427

Zaporizhzhia National University (Zaporizhzhia)

The study focuses on examining modern energy-efficient materials and structures, with special
attention given to phase change materials (PCM) to enhance the efficiency of automated heating
systems in residential buildings.

Particular emphasis in the research is placed on innovative phase change materials (PCM), which
can store and release significant amounts of thermal energy during phase transitions. Table 1 presents
a comparative analysis of the key characteristics of different types of PCM.

Table 1. Properties of Phase Change Materials

Melting Heat of Phase .
PCMT A t D t:
C ype Temperature, °C Transition, kJ/kg dvantages isadvantages
tabilit - Low th 1
Paraffins 20-70 120-210 Stability, non ow fherma
toxicity conductivity
Fatty Acids 16-65 155-180 High heat capacity | Corrosive activity
Salt Hydrates 15-117 150-240 High heat of fusion Delamination
Preci ti
Eutectic Mixtures -5-140 100-230 recise meting High cost
temperature

An experimental model of a heating system with integrated PCMs was developed at the Humber
Polytechnic North Campus laboratory in Toronto.
Main parameters of the experimental model:
- heat carrier - water, temperature schedule 65°C supply and 45°C return water;
- thermal power of the electric boiler unit - 5 kW;
- volume of the heat accumulator with PCM - 50 L;
- PCM type - paraffin with a melting point of 45°C;
- control system - based on a Siemens S7-1200 series programmable logic controller PLC;
The experiment investigated:
- materials and structures with phase change (PCM);
- the ability of PCM to smooth peak thermal loads;
- system performance under different consumption modes;
- interaction of PCM with the automated control system.
The load varied according to four modes:
- Mode 1 - standard load (50% of the design capacity);
- Mode 2 - increased load (80% of the design capacity);
- Mode 3 - maximum load (100% of the design capacity);
- Mode 4 - variable mode, which reproduces the daily consumption dynamics.
The experimental results showed that the implementation of PCM allows to reduce peak energy
consumption by 25-30%, reduce heat carrier temperature fluctuations to +1.5°C, and increase the
overall energy efficiency of the heating system by 15-20%.

1. Smith, J., & Brown, R. (2023). Advanced Materials for Energy Efficient Building Systems. Energy and Buildings,
135, 167-185. https://doi.org/10.1016/j.enbuild.2023.113215

2. Johnson, P. (2022). Phase Change Materials in HVAC Systems: A Review. International Journal of Thermal
Sciences, 80, 238-254. https://doi.org/10.1016/].ijthermalsci.2022.107777
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Merta IOCTIXKEHHS — BU3HAUCHHS IPAHHYHOI CEHCMOCTIMKOCTI CTaleBHX KapKaCHHX OyIiBesb
KPUTHYHOI IHYPACTPYKTYPH JHIHHO CIIEKTPATEHUM METOJIOM.

TETETETET8 e @ o @

B A b o ok R

L T

Puc.1 - Po3paxynkoBa cxema TypOiHHOTO Puc.2 — Bisyanizauis orpumanux 3nauens napamerpa HCLPF
Bimminenns AEC

Po3riisiHyTO 0cOOMMBOCTI BU3HAYEHHs 3Ha4YeHHs rpaHu4Hoi celicmoctiiikocti HCLPF (Bucoka
3a0€3MCUYEHICTh HHU3bKOI FMMOBIPHOCTI BiIMOBHM) CTaJeBHX KapKacHHX OyIiBeNb KPHUTHYHOI
iHQPACTPYKTYpH JIHIHHO CHIEKTpalbHUM METOJOM. Po3paxyHKOBHMI aHami3 ceiicMocTiKkocTi
enemenTiB girounx AEC B paMkax METOAy TPaHHYHOI CEHCMOCTIMKOCTI MPOBOAMTHCS 3 METOHO
BHU3HAUeHHs iHTerpainbHoro napamerpa HCLPF, mio xapaxktepusye piBeHb CEHCMIYHOI CTIHKOCTI
LLOT'O EJIEMEHTA.

Onucani MeToau OTpUMaHHA KoedilieHTy celicmiunoro 3anacy (FS) mist kputepiiB rpaHuuHHX
CTaHIB 3 IIOJAIBIINM BU3HAYCHHAM 3Ha4CHb iHTerpansHoro napamerpa HCLPFE.

OmucaHi MAXoOW IO BUKOPHCTAHHSA JIHIHHO CIEKTPAIBHOTO METOAY HPH PO3PAaXyHKy Ha
ceificMiUHUII BIUTHB, 3 ypaxyBaHHAM JeMiipyBaHHs OyIiBEIbHUX KOHCTPYKI Ta BH3HAYCHHSIM
JIUHAMIYHUX XapakTepucTHK IpyHTY 3rigHo 31 CHull 2.02.05-87 «®ynmameHTH MaimuH i3
JIMHAMIYHHMH HaBaHTaXKCHHSIMID).

B pesynbrari Bu3HaueHui 0e3po3MipHUil KoedillieHTy HEeNpy»KHOTO MOrNIMHAHHS eHeprii Fu nis
OLIHKH CEHCMOCTIHKOCTI METaleBUX KOHCTPYKILIH 3 ypaxyBaHHSM IIepeBaXkalounx nedopmaniit
CTUCKY, BUTHHY, 3CyBY.

1. Tensepcekuit }0.B., Bapabamr M.C., Tpycos L.O., IlepsymoBa JI.®O. Meroauka omiHKH ceificMOCTIHKOCTI
OyiBesIbHUX KOHCTPYKLii Ta criopyn aromuux eiekrpocraniiii B IIK JIIPA CATIP. Omnip marepiaiis i Teopist
criopyn Nell, 2023.-C.125-139 https://doi.org/10.32347/2410-2547.2023.111.125-139
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The purpose of the study is to determine the maximum seismic resistance of steel frame buildings
of critical infrastructure by the linearly spectral method.

1

Fig.1 - Design diagram of the turbine Fig.2 — Visualization of the obtained values of the HCLPF parameter
compartment of a nuclear power plant

The peculiarities of determining the value of the maximum seismic resistance HCLPF (High
Confidence Low Probability of Failure) of steel frame buildings of critical infrastructure by the
linearly spectral method are considered. Calculation analysis of seismic resistance of elements of
operating nuclear power plants within the framework of the method of extreme seismic resistance is
carried out in order to determine the integral parameter HCLPF, which characterizes the level of
seismic resistance of this element.

The results of obtaining the seismic reserve coefficient (FS) for the criteria of boundary states are
described, followed by the determination of the values of the integral parameter HCLPF.

Approaches to the application of the linear spectral method in the calculations of seismic impact,
taking into account the damping of building structures and determination of the dynamic
characteristics of the soil according to SNiP 2.02.05-87 "Foundations of machines with dynamic
loads" are described.

As aresult, a dimensionless coefficient of inelastic energy absorption Fuu was determined to assess
the seismic resistance of metal structures, taking into account the prevailing deformations of
compression, bending, and shear.

1. Henzerkyi Y.V., Barabash M.S., Trusov 1.O., Pervushova L.F. Methods of assessing the seismic resistance of
building structures and nuclear power plant structures in Lira-SAPR program // Strength of Materials and Theory of
Structures. - K.: KNUBA, 2023. - Issue 111. - P. 125-139. https://doi.org/10.32347/2410-2547.2023.111.125-139
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CyuacHi OyziBedbHI KOHCTPYKIi B MpoOIeci eKCIUTyaTallii 3a3Har0Th BIUIMBIB JMHAMIYHOTO
xapakrepy [1-3], 110 MalOTh TEHACHIIIO 10 HOBTOPCHHS Ta MOXKYTh CyTTEBO IICPEBHILYBATH IPOCKTHI
3HaveHHsl. Jlo TaKMX BIUTMBIB HaJIe)KaTh KOJIMBAHHS BITPOBOTO HABAHTAXKEHHsI, CEHICMIUHI MOLITOBXH,
aBapiifHi cUTyamil, TEXHOJOTIYHI IEPEBAHTAXKCHHS Ta 3MIHH TEMIICPATypPHO-BOJOTICHHX YMOB.
IcHyrOUi HOpMATHBHI METOIMKH HE BPAXOBYIOTh Y MOBHIH Mipi OCOOIMBOCTI MOBEIHKH 3a1i300€TOHY
npu Iii BHIIAJKOBHX HABAHTaXCHb, L0 CHPHYMHSAE KyMYyJSITHBHE HAKOIMYCHHS aedopmarii,
IHTCHCH(IKaNil0 TPIMHOYTBOPCHHS, 3HIDKCHHSA aniresii Mk O€TOHOM 1 apMaryporo, a B
MOJIANBIIOMY — JI0 BTpaTH Hecyd4oi 374aTHOCTi. Cepesl yciX KOHCTPYKTHBHHUX €JIEMEHTIB HalOLIbII
KPUTUYHUMH 10 Jii HUKITIYHUX HABAaHTa)XKCHb BUSBIISIOTHCS CTHCHYTI CJIEMEHTH, 30KPEMa KOJIOHH.
Lle 00yMOBHIIO HEOOXIJHICT MTPOBEACHHS CIELIATLHOTO TOCIIKEHHS, CIPSIMOBAHOTO Ha BUBUCHHS
X HarpyKeHo-1e()OPMOBAHOIO CTaHY B yMOBaX 0aratopa3oBOro HABAaHTa)KEHHSL.

B po0ori [1] HaBexeHi METO M aKTMBHOTO €KCIIEPUMEHTY. 3a Bapirowoun (akropu Oyiu oOpaHi:
KUIBKICTh IMKJIIB HaBaHTaXEHHs (n), BIIHOCHMWN piBEHb HaBaHTaXeHHs (1) Ta BIJAHOCHHUMN
excreHTpucurert (eo/h). OTprMaHi pe3ynbTaTé CBi4aTh PO ICTOTHE MiABUIIECHHS HECY4Oi 31aTHOCTL
JIOCITIJUKYBAaHHMX 3pa3KiB MPU LUKIIYHOMY HaBaHTaXeHHi — Ha 18-30% MOpIBHAHO 3 OJHOPA30BUM
HABaHTAKCHHAM, IPUYOMY LeH e(peKT 3HaYHO 3aJCKHUTh BiJ BEIUYMHH CKCLEHTPHCHTETY Ta
IHTEHCUBHOCTI HABAHTAYKCHHSI.

Jlnst MaTeMaTHYHOrO MOJIENIIOBAHHS BUIIAZKOBOTO XapakTepy HaBaHTaXKeHb OyB 3aCTOCOBAHUI
arapat Teopii HMOBIPHOCTEH Ta BHIIAJIKOBUX HPOLECIB, peali30BaHUIl Yepe3 METOM CTATHCTHYHUX
BunpoOyBanb Monre-Kapno. CyTh METOIMKH TOJArae y KOMITTOTEpHIN reHeparii mceBIOBHUIIAI-
KOBUX 4YHCEI, IO IMITYIOTh peaisalii mporecy HaBaHTaXKCHHS 3 3aJaHHMH CTAQTHCTHYHUMU
XapaKTepUCTUKaMH. EKcrepruMeHTan bHI JOCTIDKeHHS OCTOHHHX MHPU3M JIO3BOJIMIM OTPHMATH
eMITIpUYHI JaHi Ipo X HanpyxKeHo-1e(hOPMOBAHUI CTaH.

IIpoBeneHa craTtucTUYHA OOpOOKAa EGKCIICPHMEHTATBHHX Pe3yNbTaTiB Jala 3MOIY BH3HAYUTU
OCHOBHI HMOBIPHICHI XapaKTEepUCTUKHU JOCITIDKYBaHMX IapaMeTpiB Ta MOOyAyBaTH perpeciiHi
3aJIeKHOCTI MK HaIpy»XeHHAMHU (Os) 1 fedopmatiamu (&) JUlst pi3HUX LUKIIB HaBaHTaXeHHS. st
MEePEeBIPKU a/IeKBATHOCTI 3aIPOIIOHOBAHOTO MMiAX0LY OyJIO MPOBEICHO MOPIBHIAHHS PO3PAaXyHKOBHX
3HAYEHb HECYUOi 37aTHOCTI 3 €KCIIEPUMEHTAILHUMU JIAHUMH, OTPUMAHUMH Ha OCHOBI PerpeciiHux
Mojieeil TOBHOTO (DaKTOPHOrO EKCHEepPUMEHTY. Pe3ysbTaTH NOPIBHSHHS JEMOHCTPYIOTH H00pY
301KHICTb, 1110 MiATBEP/UKYE €PEKTUBHICTH 3alPOIIOHOBAHOI METOMUKH. Po3po0iieHui miixia Moxke
3HAWTH 3aCTOCYBaHHS IIPH OLIHII MINHICHAX XapaKTEePHUCTUK Ta HaJIHHOCTI OyIiBEIBHUX
KOHCTPYKIIii, 1[0 MPAIOTh B YMOBaX il Pi3HOMaHITHUX ANHAMIYHUX HABAHTAXKEHb.

1. Yupsa T.JI., KonsikoBa B.M., Maptunos B.JI., Yupsa B.M. BIumB BHIIaAKOBUX HABaHTAXCHb Ha MILHICTh
OETOHHUX 1 3a1i300eTOHHUX KOHCTPYyKILiit// Omip MarepiaiiB i Teopis cnopya: Hayk.-TeX. 30ipH. — K.: KHYBA.
2024. — Bum. 113. — C. 139-148. — Vkp. https://doi.org/10.32347/2410-2547.2024.113.139-148

2. Yupsa T.JI., Yupsa B.H., Uepkacbka H.A. YTouHeHHs Xapakrepy Ta OCOOJMBOCTEH BIUIMBY BHIAJKOBHUX
HABaHTA)XCHb HAa 3a111300eTOHHI KOHCTPYKIT. «CTalii pO3BUTOK MpHUYO-METAILYpriiiHoi npomucioBocti —2007-
Kpuswuii Pir, 2007.- ¢.59-63.

3. Bapammkos A.4., Koasikoa B.M. Bruius icTopii HaBaHTa)KEHHS Ha TPUBAJy MIlHICTH OETOHY IPHU JABOBICHOMY
crucky / A.4., Bapamukos, B.M. Konsikosa. / Bynisenbni koHcTpyKiii. MiKBiZOMYMi HayKOBO-TEXHIUHHI
36ipHuK "HaykoBo-TexHiuHi npobnemu cydacHoro 3amizobetony. HIIBK —2003. — Bum. 59. — C. 103-108
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Modern building structures during operation are subjected to dynamic impacts that tend to repeat
and may significantly exceed design values [1-3]. Such impacts include wind load fluctuations,
seismic shocks, emergencies, technological overloads, and changes in temperature and humidity
conditions. Existing regulatory methodologies do not fully account for the behavior of reinforced
concrete under random loading, leading to cumulative deformation accumulation, intensified crack
formation, reduced adhesion between concrete and reinforcement, and ultimately, a loss of load-
bearing capacity.

Among all structural elements, compressed members, particularly columns, are most critical under
cyclic loading. This necessitated a specialized study aimed at investigating their stress-strain state
under repeated loading conditions.

In the study [1], methods of active experimentation are presented. The varying factors selected
were: the number of loading cycles (n), the relative load level (1), and the relative eccentricity (eo/h).
The obtained results indicate a significant increase in the load-bearing capacity of the tested
specimens under cyclic loading—by 18-30% compared to single loading. Moreover, this effect is
highly dependent on the magnitude of eccentricity and loading intensity. For mathematical modeling
of the random nature of loads, the apparatus of probability theory and random processes was applied,
implemented through the Monte Carlo statistical testing method. The essence of the technique lies in
computer-generated pseudorandom numbers that simulate load process realizations with specified
statistical characteristics. Experimental studies of concrete prisms provided empirical data on their
stress-strain state.

Statistical processing of the experimental results enabled the determination of key probabilistic
characteristics of the studied parameters and the construction of regression relationships between
stresses (os) and strains (&) for various loading cycles. To verify the adequacy of the proposed
approach, a comparison was made between calculated load-bearing capacity values and experimental
data obtained from regression models of a full factorial experiment. The comparison results
demonstrate good agreement, confirming the effectiveness of the proposed methodology.

The developed approach can be applied in assessing the strength characteristics and reliability of
building structures operating under various dynamic loads. The use of probability theory tools allows
for the refinement of computational models and improves the accuracy of predicting the durability of
reinforced concrete structures.

1. Chyrva, T.L., Koliakova, V.M., Martynov, V.L., & Chyrva, V.M. (2024). Influence of random loads on the strength
of concrete and reinforced concrete structures. Strength of Materials and Theory of Structures: Scientific-Technical
Collection, 113, 139-148. Kyiv: KNUBA. (in Ukrainian). https://doi.org/10.32347/2410-2547.2024.113.139-148

. Chyrva, T.L., Chyrva, V.N., & Cherkaska, N.A. (2007). Refinement of the nature and features of random loads
impact on reinforced concrete structures. Sustainable Development of Mining and Metallurgical Industry - 2007
(pp. 59-63). Kryvyi Rih. (in Ukrainian)

. Barashikov, A.Ya., & Koliakova, V.M. (2003). Influence of loading history on long-term strength of concrete under
biaxial compression. Building Structures. Interdepartmental Scientific-Technical Collection "Scientific-Technical
Problems of Modern Reinforced Concrete", 59, 103-108. Research Institute of Building Constructions (NDIBK).
(in Ukrainian).
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Mertoro cTaTTi € paiioHami3allis mapamerpy TPUBAJIOCTI PEMOHTHHX pPOOIT HpH BHUKOHAHHI
KaIliTAIbHOTO PEMOHTY 3ali300€TOHHOTO IULIXONPOBOAY. [ TOCATHEHHS MOCTABICHOI METH
BH3HAYCHO 3aBJaHHS: BU3HAYUTH OCHOBHI JIe()eKTH Ta MONIKOIKEHHS KOHCTPYKIiH IUIIXOMPOBOY,
0 BIUIMBAIOTh HAa HECydy 3JaTHICTh CIIOPYIOH; PO3POOUTH e(EeKTUBHI KOHCTPYKTUBHI Ta
TEXHOJIOTIYHI PIllIEHHS! 3 BIAHOBJIEHHS Ta IMOCHJIEHHS KOHCTPYKLiM CTiOK 3 BHUKOpHUCTaHHIM
HE3HIMHOT OnairyOKH, 10 CKOPOYYHOTh TPHBATICTh BIAHOBIOBAIBHUX POOIT Ta MiABUIILYIOTh HECYUY
3JaTHICTb 1 TepMiH cityx0u. [licnst BusBienHs koposii 1o 30 % nepepisy crepkHst podouoi apmMaTypu
omop, OyI10 3aIPONIOHOBAHO BHIAJICHHS MOIIKOHKEHOTO OCTOHY, 30€pe:KEHHsI IIeHTPaIbHOI YaCTHHI
TiJla po604oro GETOHy CTiHOK, IOCHIICHHS CTifKU J0ZAaTKOBOIO KOHCTPYKTHBHOIO apMaTypolo Ta ii
00eTOHyBaHHs B He3HIMHIH MeTasneBiii onanyOui (puc. 1, 2) 3 Ho4aTKOBUM BapiaHTOM BUKOPUCTaHHS
Ba)KKOTO OETOHY.

Trmrpsrssi Farpanias & e

s g
s e | e

Puc. 1 — KoHCTpyKIIisi BiTHOBJICHHS i MOCWICHHS CTilikn Puc. 2 — MOHTaX JO0ZAaTKOBOTO apMyBaHHS i
MPOMDKHOT ONMOPH 3a JIONIOMOTOK0 HE3HIMHOI CTanxeBoi BCTAHOBJICHHsS OOOJOHKH HE3HIMHOT omamyOkn
onanyoKu

HeoOxinHicTh BAKOPUCTAHHS BiOPATOPIB A1 YIIIbHEHHS O€TOHHOT CyMillli COPOUKH iACHIICHHS
BHUABHIJIO TEXHOJOTIUHY NPOOJIEMHY CHTYAIil0: CTHCIMII IPOCTIp MiX apMaTyporo, OHalTyOKoro i
TIJIOM CTIHKM Ta CKJIQJHICTH KPIIUICHHS 1 KOHTPOJIO YIIIJIbHEHHS BiOpaTopamu, IO HE TapaHTye
OTPUMaHHS MPOEKTHOI IMITBHOCTI Marepiasy O0OETOHYyBaHHs. 3alpornOHOBAHO CKOPHUTYBATH
MPOEKTHE PIMIEHHs 3 BUKOPUCTAHHAM JUISl L[bOIO BHCOKOMII[HOTO THKCOTPOIHOI'O 0€3ycaJKoBOro
TEKy4YOoro EMEHTHOT0 po34nHy (s npukiaxy Mapegrout Colabile).

BuxopucTaHHsS TaKOro po3drHy 3aMiCTh 3BHYAHHOT0 BayKKOT0 OETOHY JO3BOJIMB SKICHO IOATH i
YKJIACTH CyMilll B OOMEXEHMH MNpoCTip 13 HaJIeKHUM CaMOYLIUIbHEHHSM 0€3 BHKOPHCTaHHS
BiOpaTOpiB, 0 rapaHTY€e BUCOKY SAKiCTh PEMOHTHHUX po0iT, 301nbIIeHy aaresito (6inbie 2 MIla) no
iCHYI04Oro O€TOHY, 10AaTKOBY MilHICTh cTilikH Ha BUruH (12 MIla) Ta cruckaunns (75 MlIla).

Hagenena TexHONOrisl BIAHOBICHHS 1 IIJCHJCHHS CTIMKMA [103BONIMIA: 30epertd iCHyroue
apMyBaHHs CTIMKH 1 Oro aHKepyBaHHs B TiJI IaJli; 3a1100irTH YTBOPEHHIO yCaJOUHUX TPILIMH y TiMi
COPOYKH TiJICHJICHHS; 3HAYHO CKOPOTHTH TPHBAIICTh BiIHOBIIOBAIBHUX poOiT (17%), mo €
BUpINIAIGHUM B yMOBaX Oy/JiBHHITBA y MiCTax-MiIbHOHHUKAX; JOBECTH INapaMeTpu Hecydol
3JIaTHOCTI 1 IPOEKTHUN TEPMIH CITy>KOM BIJIHOBJICHOI CTIMKH /10 MapaMeTPiB HOBOT KOHCTPYKIII. 1.

1. Shumakov, I., &amp; Buhaievskyi, V. (2024). Onrumisaiis mapameTpiB peMOHTHO-OyiBeNbHUX pOOIT IpH
BiJIHOBJICHHI 3a11i300€TOHHOTO HUIIXONpoBoay. ByaiBenbHe BupobHunTBo, 77, 3—10. https://doi.org/10.36750/2524-
2555.77
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The purpose of the article is to rationalize the parameter of the duration of repair work during the
overhaul of a reinforced concrete overpass. To achieve this goal, the following tasks were defined: to
identify the main defects and damage to the overpass structures that affect the bearing capacity of the
structure; to develop effective structural and technological solutions for the restoration and
strengthening of pillar structures using fixed formwork, which reduce the duration of restoration work
and increase the bearing capacity and service life. After detecting corrosion of up to 30% of the cross-
section of the rod of the working reinforcement of the supports, it was proposed to remove the
damaged concrete, preserve the central part of the body of the working concrete of the pillars,
strengthen the pillar with additional structural reinforcement and concreting it in a fixed metal
formwork (Fig. 1, 2) with the initial option of using heavy concrete.

Mlewtw parampa repepay €11

Jor iy
ascors w1
Fig. 1 — Design of restoration and reinforcement of the Fig. 2 — Installation of additional reinforcement and
intermediate support column using fixed steel formwork installation of fixed formwork shell

The need to use vibrators to compact the concrete mixture of the reinforcement jacket revealed a
technological problem situation: a narrow space between the reinforcement, formwork and the
column body and the complexity of fastening and controlling the compaction with vibrators, which
does not guarantee obtaining the design density of the concreting material. It is proposed to adjust the
design solution using a high-strength thixotropic non-shrinking fluid cement mortar for this (for
example, Mapegrout Colabile). The use of such a mortar instead of conventional heavy concrete
allowed for high-quality application and placement of the mixture in a limited space with proper self-
compaction without the use of vibrators, which guarantees high quality repair work, increased
adhesion (more than 2 MPa) to the existing concrete, additional bending strength of the column (12
MPa) and compression (75 MPa). The presented technology of restoration and reinforcement of the
column allowed: to preserve the existing column reinforcement and its anchoring in the pile body; to
prevent the formation of shrinkage cracks in the body of the reinforcement jacket; to significantly
reduce the duration of restoration work (17%), which is crucial in the conditions of construction in
cities with a population of millions; to bring the parameters of the bearing capacity and the design
service life of the restored column to the parameters of the new structure.

1. Shumakov, I., & Buhaievskyi, V. (2024). Optimization of parameters of repair and construction works during the
restoration of a reinforced concrete overpass. Construction production, 77, 3-10. https://doi.org/10.36750/2524-
2555.77
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Vrpaincokuii depacasnuil ynieepcumem nayku ma mexuanoeii (m. [uinpo)

[TuraHHs PO3BUTKY METOIB PO3PaXyHKY IUIOCKHUX HOJIETIEHUX 301pHO-MOHOJITHUX IIEPEKPUTTIB
i Ha CBOTOJIHI € aKTyalbHMM. XOuYa CydyacHI MpOrpamMHi KOMIUIEKCH JUIsi PO3paxyHKy 30ipHO-
MOHOJITHUX KOHCTPYKIIH IEPEeKPHTTIB MAalOTh BHCOKHI piBEHb PO3BHUTKY, IXHE IIPaBHIIbHE
3aCTOCYBaHHs BUMArae BiJl IHKEHEePa-NPOEKTYBAIbHIKA CIIELialbHUX 3HaHb Ta HABUYOK PO3PAXYHKY
TAKUX KOHCTPYKIIiHL.

MeTo10 JOCHIKeHHsI € OIiHKa e(EeKTUBHOCTI 30ipHO-MOHOJIITHOIO IUIOCKOTO MEPEeKpUTTS 3
[OpO’KHEYaMH, YTBOPCHHMH IUIACTUKOBUMH KyJIbKaMH, IUIIXOM YHCEIBHOIO aHamizy ioro
HaIpysKeHo-1e()opMOBaHOro CTaHy.

KoHcTpyKTHBHA cXeMa Ta PO3paxyHKOBa MOJENb IIOCKOTO IOJETIIEHOTO 3ai300eTOHHOIO
301pHO-MOHOIITHOTO IIEPEKPUTTS 3 IOPOKHEUAMH i3 INIACTUKOBUX KyJIb HaBe/IeHI Ha puc. 1 ta 2.[1]

Puc.] - KoHCTpykTuBHA cXeM@ ILIOCKOro mojeriieHoro —PHC.2 - Po3paxyHKOBa MOJE/b MIIOCKOTO MOJIEMICHOTO
3a1i3006TOHHOr0  30ipHO-MOHOJITHOTO ~ HEPEKPHITS 3 3aﬂl3°6eTOHH01f0 30ipHO-MOHOJITHOrO TIEPEKPUTTS 3
HOPOXKHEYAMH i3 [IIACTUKOBUX KYJIb TIOPOKHCHAMH 13 TUIACTHKOBHX KYJTb

3anpornoHoBaHa KOHCTPYKIsSI MEPEKPUTTS CKIANAETHCS 3 apMyHO4oro Kapkaca, MOHOJITHOI'O
OCTOHy Ta IUIACTHKOBHX KyJIbOK, IO CTBOPIOIOTH NOPOXXHWUHU BecepeauHi mmrtu (puc. 1). Ile
JIO3BOJISIE 3HU3UTH MacCy KOHCTPYKIii 10 35% y nopiBHSHHI 3 TpaJAULIIHUMUA MOHOTITHUMU TUTUTAMH.

Byo BUKOHAHO AOCIIKEHHS MEPEKPUTTS y iporpamuomy komruiekci «Jlipa-CATIPy» must pizaux
mpossoTiB (6 M, 7 M, 8 M) Ta miaMerpiB mopoxHeueyTrBoproBadiB (180 mm, 315 mm, 500 mm).
Po3paxyHOK BUKOHYBABCsI 32 MEPIIOIO Ta APYTOI0 IPYHaMH I'PAHUYHUX CTaHIB.

BucHoBku. JIoCiiKEHHS TOKa3aIH, [0 HAHOLIBII PallioHATEHAM € 3aCTOCYBaHHS IITACTHKOBUX
KyJnb jgiamerpoM 315 MM y MEpeKpuTTsSX 3 MpoJiboTaMH 6—8 M, IO J03BOJSIE 3HU3UTH Macy
KOHCTPYKILIi 10 35% MOpiBHSIHO 3 MOHOJITHUMHU IuMTaMu. OTprUMaHi MaKCHMaJIbHI BEPTHKAJIbHI
nedopmariii He mepeBuiyBanud 2,75 MM, IO BIANOBIa€ HOPMAaTHBHUM BHUMOraM. [Ipu npomy
KOHCTPYKLIisl HEPEKPUTTS BUTpHMaia HaBaHTaxeHHs 4,46 kH/m? (mocriitue) i 1,5 kH/M? (Tumuacose),
30epiratoun LiTICHICTb Ta HeCydy 3JaTHICTb. OTKe, JaHa KOHCTPYKTHBHA CUCTEMA € PalliOHAIbHUM
1 HaIIHUM PIIICHHSIM JUIsl CY4acHOTO OYMiBHHIITBA.

1. Bympka O. JI., Hikidhoposa T. /1., Byupkwuii P. B. MozentoBaHHsI MOJIETIICHOTO IIOCKOTO MEPEKPHUTTS 3 MyCTOTaMU
i3 MITaCTUKOBUMH KyJsiMH // YKpaTHChKHiA XKypHan OyAiBHHIITBA Ta apXiTekTypH. — 2024. — Ne 2 (020). — C. 45-52
https://doi.org/10.30838/J.BPSACEA.2312.260324.7.1036
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The development of calculation methods for flat lightweight precast-monolithic slabs remains a
relevant issue today. Although modern software packages for analyzing precast-monolithic slab
structures are highly advanced, their proper application requires the structural engineer to possess
specialized knowledge and skills in calculating such types of constructions.

The aim of the study is to assess the efficiency of a flat precast-monolithic slab with voids formed
by plastic spheres through a numerical analysis of its stress-strain state.

The structural layout and the analytical model of the flat lightweight reinforced concrete precast-
monolithic slab with voids formed by plastic spheres are shown in Figures 1 and 2 [1].
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Fig.1 - Structural layout of a flat lightweight reinforced Fig.2 - Calculated model of a flat lightweight
concrete precast-monolithic slab with voids formed by reinforced concrete precast-monolithic slab with
plastic spheres. voids formed by plastic spheres

The proposed slab design consists of a reinforcement cage, cast-in-place concrete, and plastic
spheres that create voids within the slab (Figure 1). This allows for a reduction in the structure’s
weight by up to 35% compared to traditional solid cast-in-place slabs.

The slab was analyzed using the "Lira-SAPR" software for different spans (6 m, 7 m, 8§ m) and
void former diameters (180 mm, 315 mm, 500 mm). The calculations were carried out according to
the first and second limit states.

Conclusions. The study showed that the most efficient solution is the use of plastic spheres with a
diameter of 315 mm in slabs with spans ranging from 6 to 8 meters, which allows for a reduction in
structural weight by up to 35% compared to solid cast-in-place slabs. The obtained maximum vertical
deformations did not exceed 2.75 mm, which complies with regulatory requirements. At the same
time, the slab structure withstood a load of 4.46 kN/m? (permanent) and 1.5 kN/m? (live), maintaining
its integrity and load-bearing capacity. Therefore, this structural system represents a rational and
reliable solution for modern construction.

1. Butska O., Nikiforova T, Butskiy R. Modeling of Lightweight Flat Slab with Voids Formed by Plastic Spheres //
Ukrainian Journal of Construction and Architecture — 2024. — Ne 2 (020). — C. 45-52
https://doi.org/10.30838/].BPSACEA.2312.260324.7.1036
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The aim is to investigate the stress-strain state of a two-hinged reinforced concrete arch made of
high-strength concrete under the action of short-term single loads using modern, progressive
computational complexes. To achieve this goal, analytical studies were carried out based on the study
of existing methods of stress-strain state of structures, analysis of open literature sources, and
theoretical studies. A numerical experiment was also carried out to calculate the experimental arch
using the finite element method, and finally a statistical analysis of the convergence of experimental
and theoretical studies was performed.

Fig.1 — Scheme of arch test with tightening Fig.2 — Deflections (mm) in the arch under load P=10
kN, P=50kH

The reinforced concrete monolithic arch had the following geometric parameters: nominal length
—216 cm; span | = 200 cm; nominal height — 52 cm; lifting boom f= 40 cm; ratio f/1 = 1/5; radius of
the arch arc R = 145 cm; cross-sectional dimensions of the belt hxb = 14x10 cm (Fig. 1). To test the
double-hinged reinforced concrete arch, a PG-200 hydraulic press was used, on the basis of which
special equipment was mounted. The arch was tested under the action of a static step-increasing load
until failure.

The numerical calculation of the reinforced concrete arch was performed in the ANSYS PC at a
load P=10 kN, 50 kN (Fig. 2).

The results of the calculation of the arch using the finite element method in the ANSYS PC have
satisfactory agreement with the data obtained from the results of experimental studies.

1. Karavan B. V. Experimental studies of the stress-strain state of reinforced concrete arches made of high-strength
concrete Resource-saving materials, structures, buildings and structures: Collection of scientific papers. Issue 41.
Rivne, 2022. P. 135-143. https://doi.org/10.31713/budres.v0i41.015

2. Babich E.M. “Study of the operation of two-hinged reinforced concrete arches under short-term repeated loading”
/ E.M. Babich, D.Ya. Kyslyuk / Resource-saving materials, structures, buildings and structures. Collection of
scientific papers. Issue 16 - Rivne: NUVGP, 2008. 18p.
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Hayionanvhuil ynigepcumen 600H020 20CnO0ApCmed ma npupoookopucmysanus (m. Pisne)

CTaBHUTBCS 32 METY JIOCHIJUTH HAIPYKEHO-1e(OPMOBAHUIT CTaH JBOIIAPHIPHOI 3a511300€TOHHOT
apKH 3 BHCOKOMIITHOTO O€TOHY 3a Ail KOPOTKOYaCHHX OJHOPA30BHX HABAHTAKCHB 3a JIOIIOMOTOIO
CYYaCHHUX, MPOrPECHBHHUX PO3PAXYHKOBUX KOMIUIEKCIB. JIJIsl JOCATHEHHS II0CTAaBJIECHOT METH
BUKOHYBAJIMCh AHAJITUYHI JIOCHI/UKEHHS, W0 0a3ylOThCs HAa BHMBYCHHI ICHYIOYHX METO/IiB
HAIpPyKeHO-1e()OPMOBAHOTO CTaHy KOHCTPYKIIH, aHali3 BiIKPHTHX JITEPaTYpHHUX JOKEpel,
MPOBEJICHHS TEOPETHYHUX JIOCIIDKeHb. TaKkoX MPOBOANTHCS YUCIOBHI EKCIIEPUMEHT 3 PO3PaXyHKY
JIOCITITHOT apKH METOJIOM CKiHYEHHHX €JIEMEHTIB 1 HapemrTi OyJi0 BUKOHAHO CTATUCTUYHHUN aHai3
301KHOCTI €KCIIEPUMEHTATIBHUX Ta TEOPETUUHUX JIOCIIHKCHb.

Puc.1 — Cxema BUNIPOOYBaHHS apKy i3 3aTSHKKOIO Puc.2 — Ilporunu B apui npu HaBaHtaxkeHHi 10 kH ta
50 kH

3ai1i300eTOHHA MOHOJIITHA apka MaJla HACTYIHI T€OMETPUYHI [TapaMeTpU: HOMiHaJIbHA JOBXKHHA
— 216 cm; mpomit / = 200 cM; HOMiHaNIbHA BUCOTA — 52 cM; cTpiia migiomy f= 40 cm; BigHOIICHHS f/]
= 1/5; pagiyc myru apku R = 145 cM; po3mipu monepedHoro nepepisy mosicy hxb = 14x10 cum (puc.
1). {nst BumipoOyBaHHsI IBOLIAPHIPHOT 3a1i300€TOHHOI apKK BUKOPHCTOBYBABCS TiJpaBIiYHUI Mpec
III'-200, ma 6a3i sxoro OyI0 3MOHTOBaHE CICLialbHE yCTAaTKyBaHHA. BUIPOOOBYBaHHS apku
BHKOHYBAJIOCh Ha JII0 CTATHYHOTO CTYIICHEBO-3POCTAIOYOr0 HABAHTAXKCHHS JI0 PyHHYBaHHS.

UYucnoBuil po3paxyHOK 3aj1i300eToHHOI apku BukoHaHO B [IK ANSYS npu naBantaxkenni P=10
kH, 50 xH (puc.2).

Pesynbrati po3paxyHKy apku MeTo1oM cKindeHHHX eneMeHTiB B [IK ANSY'S matoTs 3a/10BiIbHY
301KHICTB 3 JAHUMHU OTPHMAaHHMH 32 Pe3yIbTaTaMU eKCIEPUMCHTAIBHUX JOCIIKEHb.

1. Kapasan b. B. EkcriepumeHTanbHi JOCII/UKEHHS HAlpyXKeHO-1e(OPMOBAHOTO CTaHy 3aili300€TOHHHX apoK 3
BHCOKOMILIHOrO GeToHy PecypcoekoHOMHI Martepiaiu, KOHCTPYKIil, OyaiBimi Ta criopyan: 30ipHHK HayKOBHX
npaib. Bur. 41. Pisue, 2022. C. 135-143. https://doi.org/10.31713/budres.v0i41.015

2. babuu €.M ,,JlocaipkeHHs: poOOTH ABOXIIAPHIPHUX 3aJ1i300€TOHHUX apPOK MPH KOPOTKOYACHOMY MOBTOPHOMY
HaBantaxenHi” / €. M.ba6buu, JI.5.Kucniok / PecypcoekoHoMHI MaTepiany, KOHCTPYKIi, OyAiBIi Ta criopy/u.
36ipHUK HayKOBHX Tpaib. Bumnyck 16 - Pisue : HYBITI, 2008. 18c.
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Merta [oCHiDKeHHS — po3poOKa METOJAMKHM BH3HAYCHHS TOBEPXOBHX CIEKTPIB BIATYKY
Oy/iBeIbHUX KOHCTPYKIIiH €Hepro0I0KiB aTOMHHMX CTAHIIIN 111/ BIUIMBOM CEHCMIYHMX HAaBaHTaXKCHb.

Puc.2 - Ceiicmorpama piBust BrumBy MP3 PGA= 0,10g

Puc.3 - I3omoms MakCHUMaJbHHUX BY3JIOBHX IIPUCKOPEHb
BY3JIOBHUX aKCEJEIOrpaM 3a HAIPSIMKOM VA
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Puc.1 - PospaxynkoBa cxema peakTopHoro Biaginennss Puc.4 - IloBepxoBi cneKkTpu BiATYKy HpM Pi3HHMX 3HAUYEHHSAX
Ta BHXiHa  aKceleporpamMa  BHCOKOYACTOTHOTO JeMI(yBaHHS 3a HAMPSAMKOM X
crekTpa inteHcuBHicTio MP3 PGA = 0,10g

Po3risiHyTo OCOOMMBOCTI pO3paxyHKY KOHCTPYKIH pPEaKTOPHOTrO BiJJUICHHS Ha CeWCMiuHi
BIUIMBH IIPSIMHM MCTOIOM IHTEIPYBaHHS PIBHSHb pPyXy 3 BpaxyBaHHSAM JAeMI(yBaHHSA, K
MatepiaJlbHOTO, TaK 1 B3a€MOJIT IPyHT-0CHOBA. B sikoCTi MeTOIy MOJIENIOBAaHHS B3a€MO/IT OCHOBH Ta
CHOPYAM HPHUHHATO METOJ CKBIBAJICHTHHX JMHAMIYHHMX XapaKTEPUCTHK, BIAMOBIIHO IO SIKOTO
3aMpONOHOBAHO YOTHUPHU HE3aJIeKHI €Tanu: Ha 1-oMy eTari BU3HAYa€ThCsl CEHCMIUHI HABAaHTAKCHHS
(nuHaMika B 4aci), a came ceificMorpamMu MPHUKIAIAThCs B KOXKHOMY By31y (DyHIaMEHTHOI IUTUTH B
TPBHOX HaIIPsIMKax; Ha 2-OMy €Talli BUKOHY€EThCS MOJAIBHUM aHai3 Ul BUSHAYCHHS Ieplnx Gopm
KOJIMBaHb OyiBJIi Ta IOJAJbIIOr0 BU3HAUSHHS KOE(ILi€HTIB PONOPLIHHOCTI MAaCH 0 1 dKOPCTKOCTI
f; Ha 3-oMy eTarli BUKOHYIOThCS PO3PAaXyHKHU IJI XapaKTCPHUX TOYOK YCTAHOBKH OOJIaTHAHHS 1 BCIX
PO3paxyHKOBHX celicMorpaM; Ha 4-oMy eTami BHKOHYETbCsS 00poOKa IOBEPXOBHX CIIEKTPIB 3a
MpaBUIIaMH, 1110 3aCTOCOBYIOThCs pH mpoektyBanHi AEC B CIIIA.

1. Temsepcekuit 10.B., Bapabam M.C., Tpycos 1.O., IlepBymosa JI.®O. Meroauka OLIHKH CeHCMOCTIHKOCTI
Oy IiBe/IbHUX KOHCTPYKILiH Ta cropyn atomuux enekrpocrantiit 8 IIK JIIPA CAIIP. Omip marepianis i Teopist
cropyx Nell, 2023.-C.125-139. https://doi.org/10.32347/2410-2547.2023.111.125-139
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The purpose of the study is to develop a methodology for determining response spectra of buildings
and structures of nuclear power plants under the impact of seismic loads.

Fig.2 - Seismogram of the impact level SL-2 PGA= 0,10g
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Fig.1 - The calculation scheme of the reactor building Fig.4 - Response spectra with different damping values in the
and the output accelerogram of the high-frequency X direction
intensity spectrum SL-2 PGA = 0,10g

The features of the calculation of reactor building structures by seismic effects by the direct method
of integrating the equations of motion taking into account damping, both material and soil-base
interaction, are considered. The method of equivalent dynamic characteristics is adopted as a method
for modeling the interaction of the base and the structure, according to which four independent stages
are proposed: at the 1st stage, seismic loads are determined (dynamics in time), namely, seismograms
are applied at each node of the foundation slab in three directions; at the 2nd stage, a modal analysis
is performed to determine the first forms of building vibrations and further determine the mass
proportionality coefficients o and stiffness ; at the 3rd stage, calculations are performed for
equipment installation points and all calculated seismograms; at the 4th stage, response spectra are
processed according to the rules used in the design of nuclear power plants in the USA.

1. Henzerkyi Y.V., Barabash M.S., Trusov 1.O., Pervushova L.F. Methods of assessing the seismic resistance of
building structures and nuclear power plant structures in Lira-SAPR program // Strength of Materials and Theory of
Structures. - K.: KNUBA, 2023. - Issue 111. - P. 125-139. https://doi.org/10.32347/2410-2547.2023.111.125-139
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Xapkiscobkuil HayionanvHull yHisepcumem micbko2o cocnooapcmea imeni O. M. bekemosa (m. Xapkis)

Merta A0CTiIKEHHS — MOJIMIICHHS XapaKTEPUCTUK MephOPOBAHUX EIEMEHTIB Ta KOHCTPYKILiit
HUIIXOM 3MIiHM KOHQIrypamii Ta KpoKy oOTBOpY. I[IpomoHOBaHa KOHCTPYKIlis SBIs€ CO0O0
[IPOCTOPOBY JIBOKOMIIOHEHTHY CHCTEMY, IO CKJIQJAEThCS 3 METajeBHX InepdopoBaHuX OJIOKIB
KOpoOYacToro nepepisy i BKIIOYA€ThCs B pOOOTY 3a IOITOMOTOI0 3CYBHOI CUCTEMH, EPEKTHBHY JIETKY
3aJ1i300€TOHHY JTOPOXXHIO ILTUTY (pHC. 1).

Puc 1. ®parmMeHT pornoHoBaHoI cTaje-3aJ1i300€TOHHOT POrOHOBOT KOHCTPYKIIIi.

B poGoTi BHKIANEHO NPUHIMI HOBOTO CIIOCOOY BHIOTOBICHHS TaKHX KOHCTpYKWiif [1].
Oco0nHBICTIO € TOH (aKT, 110 nepopoBaHi eIEMEHTH CIIPOSKTOBAaHI HA OCHOBI METOY OiOHIYHO-
eneprernunoi ontumizaiii (BEO) [1]. Bin 3acHoBaHuit Ha ABOX KpuTepisx [2]:

- TBEpKEHHS1, MiHIMI3allil MOTeHLIHHOI eHeprii aedopmartii:

U =inf U(a¥), k=1,2
ne U - eneprist nedopmarii; k — KiIbKICTh BapiaHTIB piBHAHHS; M — HaOip DOMYCTHMHX 3HA4YCHb
30BHIIIHIX T€OMETPUYHUX TTapaMeTpis [3].

- BUMOT'a 130€HEPT€TUYHOT0 CTaHy CHCTEMHU:
e|{x}| = const
JIe e — IUIBHICT eHeprii aedopmartii; {x} - BEKTOp BHYTPIILIHIX ITapaMeTpiB.

B pesynerari pobotn BEO-meromy oTpuMaHO pillieHHs [AJsi PO3Pi3HUX OaloK y BHIIISIL
KOHCTPYKIIIT 31 CTYMIHYacTOK 3MIHOK BUCOTH cekliil [6]. Jlaii, 3riiHO po3po6IeHOro anropuTmy,
s Oayka 3aMiHIOETHCSI Ha EKBIBAJIGHTHY IepdopoBaHy Oaiky 3i 3MIHHHMH BIJCTaHSAMH MiX
OTBOPAMH Ta IX PO3MipamH.

1. Babaev V., Evzerov 1., Evel S., Lantuh-Lyashenko A., Shevetovsky V., Shimanovsky O., Shmukler V., Suhonos
M.. PamioHanpHe NPOEKTYBaHHS KOHCTPYKTUBHHUX OyJiBenbHHX cucTeM. BupaBHunrso «byauHOok».
Bepunin/Himeuunna; 2021 pik.

2. Vasilkov G. Eomoniiini npo6:iemu Oy iBenbHOT MexaHiku. CuHepreTuyHa napagurma. Iudocepsic; 2003.

3. Shmukler V, Lugchenko O., Nagem O. YucenpHa Bepuikariiss ogHOro migxoay OioHIYHOI pamioHamizarii

CTpYKTyp. 30ipHHK HAayKOBHX Tpalb YKPaTHCBKOTO JEPXKaBHOTO YHIBEPCHTETy NIIAXIiB cromydeHHs: c. 189:
Xapkis 2020.
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The purpose of the study is to improve the characteristics of perforated elements and structures by
changing the configuration and pitch of the holes. The proposed structure is a spatial two-component
system consisting of metal perforated blocks of box section and is included in the work using a sliding
system, an effective lightweight reinforced concrete road slab (Fig. 1).

Fig. 1. Fragment of the proposed steel-reinforced concrete girder structure.

The paper presents the principle of a new method of manufacturing such structures [1]. A special
feature is the fact that perforated elements are designed based on the bionic energy optimization
(BEO) method [1]. It is based on two criteria [2]:

- the statement of minimizing the potential energy of deformation:

U = inf U(a®), k=1,2

where U — the deformation energy; & — the number of equation variants; M — the set of permissible
values of external geometric parameters [3].
- requirement of the isoenergetic state of the system:

el{x}| = const

where e — strain energy density; {x} - vector of internal parameters.

As a result os the operation of BEO-method, the solution for split beams is obtained in the form
of a structure with a stepwise changing height of the sections [6]. Further, according to the developed
algorithm, this beam is replaced by an equivalent perforated beam with variable hole spacing and
their sizes.

1. Babaev V., Evzerov 1., Evel S., Lantuh-Lyashenko A., Shevetovsky V., Shimanovsky O., Shmukler V., Suhonos
M.. Rational design of structural building systems. Publishing House "Budynok". Berlin/Germany; 2021.

2. Vasilkov G. Evolutionary problems of structural mechanics. Synergetic paradigm. Infoservice; 2003.

3. Shmukler V, Lugchenko O., Nagem O. Numerical verification of one approach to bionic rationalization of
structures. Collection of scientific papers of the Ukrainian State University of Transport: p. 189: Kharkiv 2020.
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Merta mocCHiKEHHsT — BUSBUTU Ta MpOaHAmi3yBaTH (DAKTOpH, N[0 BIUIMBAIOTH HA TEXHOIOTIHO
BJIAIITYBAaHHS apMOOETOHHMX KOHCTPYKLil METOJOM IpaBiTaliifiHOro BHAaBioBaHHA (puc. 1) y
rnOOKiil Ta BY3bKiM TpaHIIE! IiJ 3aXMCTOM TIIMHHCTOTO PO3YMHY HAa OCHOBI IX €KCIIEPTHOTIO
OLIIHIOBAHHS

Mertonnka:

—IIePBUHHE BUJUICHHS rpyn (akTOpiB: MapamMeTpyu KOHCTPYKIIH, HapaMeTpy MOy b-OmayOKu,
HapaMeTpH CepelOBHINA INHHUCTOTO PO3YMHY, IIapaMEeTPH 30BHIIIHBOTO CEPEIOBHUIIA,
TEXHOJIOTI4HI TapaMeTpu, OpraHizauiiiHo-eKOHOMIUHI MapamMeTpH);

—eKCIepTHE paHKyBaHHs 3a 0e3po3MipHUMH 1Kanamu «Baxnusictsy i «baxkanicts» [2];

—1100y10Ba MaTpHIll po3noiiay Ta Bindip 16 HalBa)IMBIIINX YMHHUKIB (pHC. 2);

—IMOpIBHSHHS TPAaHUYHHMX IHTEPBATIB I[MX YMHHUKIB 31 3HAUCHHSIMH, NPHUHHIATHMH Yy
TEXHOJIOTisIX-aHaJIorax (MeTO/| «CTiHa B IPYHTI», 3BE/IeHHs KOHCTPYKLIH y KOB3HUX OnayryOkax).

L T -
F ™1 T 1 o T &
r 11 |
1 .
e ; 1 e
" EeE E '
b ow -
= b e &
B = ey
P = '
L L .
F - ']
1 1 1 1 | |
]
i
m——— EAEANICTR S
! 44 — -
Puc.1 IlpuHnunosa cxemMa TEXHOJIOTI rpaBiTaliifHOTro Puc. 2. Matpuns «Baxknuicts — baxkaHicTb»
BulaBoBaHHs [ 1] Juist 54 yuHHKKIB (BuaiieHo Ton-16)

OCHOBHI pe3yJIbTaTH:
— Busisneno, mo ToBumHa koHcTpykuii 0,4-0,8 M, Bucora 10-50 M 3abe3nedyroTh IPHIHHATHY
MIPOCTOPOBY KOPCTKICTh Ta MIiHIMI3YIOTh KUJIBKICTh BEPTUKAIBHUX IIBIB.
— 30UIbLICHHS] T'YCTHHH TJIMHUCTOrO po3uuHy 10 1,15-1,50 T/M* 3MeHIIye MOHTaXHY Bary
3aHypeHol KOHCTPYKII B cepeHboMy Ha 37 % 3aBIAKM apXiMenoBil minfioMuiil cui [3].
[lpaktnuna winHicTe. OTpUMaHI pe3ysbTaTH MOXYTb OYTM BHUKOPUCTaHI JUIS MOAAJIBIIOTO
JIOCIIIJDKEHHSI TEeXHOJIOTil BJIAITYBaHHS apMOOETOHHMX KOHCTPYKIIH METOOM TIpaBiTaliiiHOro
BUJIaBIIIOBAHHSI.

. Crioci6 3BejieHHsI MOHOJIITHOT Oy 1iBesbHOT KOHCTpYKIi: mat. UA A 2011 13024, 2013.

2. Yepenanceka I. 1O. Ta in. [IpuifHATTA pilieHs 3 BUKOPUCTAHHAM eKCIEPTHHUX oLiHOK. — JKutomup: KTV, 2015.
—285c¢.

3. Maxuns O., Tanenko €. (2024). TeopeTryHi A0CITIUKSHHS MOHTaXKHOT Bar apMOBH/IaBJIIOBAILHUX KOHCTPYKIIH.

Ocnou Ta ®yngamentn / Bases and Foundations, (49), 77-85. https://doi.org/10.32347/0475-1132.49.2024.77-
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Research objective — to identify and analyse the factors that influence the construction of
reinforced-concrete structures by the gravitational-extrusion method (Fig. 1) in a deep, narrow trench
protected by bentonite slurry, using expert evaluation as the basis.

Methodology:

— initial grouping of factors: structural parameters, modular-formwork parameters,
bentonite-slurry environment parameters, external-environment parameters, technological
parameters, and organisational-economic parameters;

— expert ranking on dimensionless “Importance” and “Desirability” scales [2];

— construction of a distribution matrix and selection of the 16 most significant factors
(Fig. 2);

— comparison of the limiting intervals of these factors with the values adopted in analogue
technologies (diaphragm-wall method and slip-form construction).
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Fig. 1. Conceptual scheme of the gravitational-extrusion  Fig. 2. “Importance—Desirability” matrix for 54 factors
technology [1] (top-16 highlighted)

Main results:

— Optimal geometric parameters. A thickness of 0.4—0.8 m and a height of 10-50 m ensure
adequate spatial rigidity of the GE structure and minimize the number of vertical joints.

— Bentonite slurry density. Raising slurry density to 1.15-1.50 t/m* decreases the installation
weight of the submerged structure by an average of 37 % owing to Archimedean
buoyancy [3].

Practical significance. The findings provide benchmark parameter ranges and can guide further

research and practical implementation of the gravitational-extrusion method for building
reinforced-concrete underground structures.

1. Method for the erection of a monolithic building structure: patent UA A 2011 13024, 2013.

2. Cherepanska I. Yu. Decision-making using expert evaluations. Zhytomyr: ZhDTU, 2015.

3. Makhynia O., Halenko Ye. (2024) Theoretical investigations of the installation weight of extrusion-reinforced
structures. Bases and Foundations, (49), pp. 77-85. https://doi.org/10.32347/0475-1132.49.2024.77-85
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EkcrutyaTaniiiii sSIKOCTI KOHCTPYKIIH 3aXMCHHX CIOpYJ BH3HA4a€ iX 3[aTHICTb CIIPUHAMATH
JUHAMIYHI HaBaHTaXXCHHs. [IpH LbOMy 3arajbHa CTIHKICTh CHOPYIH 3aJISKUTH BiJ] XapakTepy
pylHyBaHHS ii OKpEMHX KOHCTPYKTHBHHX €JIE€MEHTiB-0ap’epiB, TOOTO Bij IIMOMHH IPOHUKHCHHS
npoOiifHuKa («yHapHUK») B TLIO KOHCTPYKIil («IuTa). BusHaueHHs MMHAMIYHOTO XapakTepy
neOopMyBaHHsI TUTUTH BHACIIOK B3a€EMOJIl 3 YAapHUKOM [O3BOJIUTH MPOTHO3YBATH CTYIiHB 11
yiikokeHHs. [IpoBeneHi [OCHTIKEHHsS B3a€MOJIl yAapHUKA 1 IUIMTH B YMOBaX YIapHOTO
HABaHTAKCHHS BKIIOYAIN Taki (JaKTOpW BIUIMBY SIK [OYATKOBA IIBUJKICTH yJapHHUKA 1 KYT HOro
3ycrpiui 3 umroro [1,2].

Cuuta onopy cepeioBulIlLa, B SKOMY pyXaeTbes yaapHuk [1], cranoButs (1):

dv
/’cz—mES(A-19§+B-190+C), )]

ne  m, Yo — BIANOBIIHO Maca i IBUIKICTb yIapHHUKA;
S — 1o MONepevyHoro nepepizy yaapHUKa;
A, B, C — koedinieHTH, 110 3aJI€XKAaTh BiJ BIACTUBOCTEH 1 (JOPMHU yIapHUKA.

3a pe3ysbTaTaMi BUKOHAHOTO YHCEIBHOTO JTOCHiKEHHs [ 1] po3pobiieHi Moesi IUUT 3 Pi3HUMH
TUNAMM apMyBaHHS: IOABIHHUMM CITKaMH, MOABIHHMMHU CITKAMH 3 IONEPEYHOI0 apMaTyporo,
CYLIUIBHUM METaJleBUM JIMCTOM, apMaTypHUMM ciTkamu Ta (iOpaMH. a TakKoXX BCTaHOBJIEHI
0COOJIMBOCTI IPOHUKHEHHS B HUX YAapHHUKa. BHACIIIOK TPOOUTTS yIapHUKOM IIUTH, 10 apMOBaHi
ONMHAPHUMU 1 TOABIHHUMM  CITKaMH, CYINPOBODKYBAINUCH HACKPI3HUM  pYHHYBaHHSM.
Bukopucranus  CyI[IbHOTO METaJIeBOTO JIUCTa TOTpeOye OJATKOBOTO  TEXHOJOTTYHOTO
BJIOCKOHAJICHHSI BHACIIIIOK PO3LIAPYBAHHS IUIMTH B310BXK JHCTA.

Jocnigi 3pasku 3 KOMOIHOBaHMM apMmyBaHHsAM [1] - cirkamm Ta ¢iOpamu Bipi3HSINCH
3MeHIIeHOr /10 35,0% ocTaToYHOIO MIBUAKICTIO YAapHHKA B IUINTI, IO BUKIIOYMIO ii HACKPi3HE
pyliHyBaHHs. [mOnHa npoHUKHEHHS 3MeHmmIack 10 20,0%. IIpoBeneHi 4ucenbHi HOCIIPKEHHS
CBII4aTh, 10 TUIMTH 3 BUKOPUCTAHHSIM KOMOIHOBAaHOTO apMyBaHHsS HE IPOOUBAIOTHCS YAAPHUKOM,
YaCcTMHA 3pa3Ka 3aIMIIAETBCS HEYIIKO/PKeHOw. lle jmocsraeTbesi mepeBaramMu JUCHEPCHOTO
3MII[HEHHS] KOHCTPYKIIIT 32 paXyHOK 301JIbIICHHS MIITHOCTI Ha PO3TSIT, 3HWKEHHSI KPUXKOCTI OCTOHY,
IiJIBUIICHHS HOTO B’SI3KOCTI, 110 B IIJIOMY CIIpHsi€ 301IbIICHHIO TPILMHOCTIMKOCTI TIMTH. Takum
YMHOM, KOHCTPYKLii 3 KOMOIHOBaHMM apMyBaHHSM OOIDYHTOBAHO MOXKHA PEKOMEHIYBAaTH 10
3aCTOCYBaHHS B [IPAKTUKY OyiBHUITBA 3aXHCHUX CIIOPY/I, LIIO BIAMOBIIal0Th BUMOTaM €KCILTyaTamil
B YMOBAaX JMHAMIYHOTO HAaBAHTA)KCHHSI.

1. AdanacreBa JIL.B., JlaBpunenko JI.I. KoHctpykiuii 3aXMCHHX CHOpPYA B yMOBaX BHCOKOIIBHKICHOTO ynapy.
MicToOyyBanHns Ta Teputopiansue mianysanns: 36.nayk.np. Kuis, KHYBA, 2024.Bun.86. C.230-242.
https://doi.org/10.32347/2076-815x.2024.86.230-242

2. AdanaceeBa JI.B., Jlapumenxo JLI. «ExcmiyaramiiiHi sKOCTI KOHCTPYKIiil 3aXMCHHMX CIOpPYJ B YMOBax
JHamivHOro HaBanTtaxenus.//Hayka i ocsira: 36. ITp. XIX Mixuap.nayk. koud, m.Xaiingyco6ocio, Yropiiusa, -
Xmensaumpkuit: XHY, 2025.- C.137-142, http://lib.khnu.km.ua/konfer HNU/2025/SE-2025.pdf
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The operational qualities of protective structure elements are defined by their ability to withstand
dynamic loads. In this context, the overall stability of a structure depends on the failure characteristics
of its individual structural components - barriers - namely, on the depth of penetration of a projectile
("impactor") into the body of the structure ("slab"). Determining the dynamic deformation behavior
of the slab due to its interaction with the impactor allows for the prediction of the extent of damage.
Studies conducted on the interaction between the impactor and the slab under impact loading
considered such influencing factors as the initial velocity of the impactor and its angle of contact with
the slab [1,2].

The resistance force of the medium through which the impactor moves [1] is defined as (1):

dv

T SA+ B9, +0), )

fe=—-m

where m, 9y — are the mass and velocity of the impactor, respectively; S is the cross-sectional
area of the impactor;
S — is the cross-sectional area of the impactor;
A, B, C—are coefficients depending on the material properties and shape of the impactor.

Based on the numerical simulations [1], models of slabs with different reinforcement types were
developed: double mesh, double mesh with transverse reinforcement, solid metal sheet, reinforcement
mesh with fibers. Specific penetration features of the impactor into these slabs were identified. Slabs
reinforced with single and double meshes exhibited complete through-penetration upon impact. The
use of a solid metal sheet requires additional technological improvement due to delamination of the
slab along the sheet. \

Test samples with combined reinforcement [1] showed a 35,0 % reduction in final impactor
velocity within the slab, preventing through-penetration. The penetration depth decreased by up to
20,0 %. Numerical studies indicate that slabs with combined reinforcement are not perforated by the
impactor; part of the sample remains intact. This is achieved through the advantages of dispersed
strengthening, which increases tensile strength, reduces concrete brittleness, and enhances ductility,
all contributing to greater crack resistance.

Conclusion: Structures with combined reinforcement can justifiably be recommended for use in
constructing protective structures that are required to operate under dynamic loading conditions.

1. Afanasieva L.V., Lavrynenko L.I. Structures of protective facilities under high-speed impact. Urban Planning and
Territorial Planning: Collected Scientific Papers. Kyiv, KNUCA, 2024. Issue 86. Pp. 230-242. DOI:
https://doi.org/10.32347/2076-815x.2024.86.230-242

2. Afanasieva L.V., Lavrynenko L.I. Operational qualities of protective structure components under dynamic loading.
// Science and Education: Proc. of the XIX Int. Sci. Conf., Hajdiszoboszlo, Hungary — Khmelnytskyi: KhNU, 2025.
— Pp. 137-142. http://lib.khnu.km.ua/konfer HNU/2025/SE-2025.pdf
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MeTa JOCIiUKEHHS — BUCBITIIMTH OCHOBH ITiXO/1Y 10 TUCKPETHOTO (POPMOYTBOPEHHS IMiA3EMHUX
CIIOpY/ CIEIialbHOTO MPU3HAYCHHS (30KpeMa TYHEIBHOTO THUITy) i3 3a0e3MeueHHSIM MPUHIHILY
0Ee3MOMEHTHOCTI, 1110 JIO3BOJIUTH MiJBHUIIUTH X HaAIHHICTh Ta 30UIBLIMTH TEPMIiH EKCILTyaTaril mix
€10 30BHIIIHIX HABaHTAKEHb, MPEICTABICHUX aKTHBHUM THCKOM Ta Barol iHXEHEpHO-
reonoriunux enemenTiB (IFE) rpynToBoro macusy (puc.1).
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Puc.1 — IlpuHnnnoBa cxema po3MillleHHs Puc.2 — PospaxyHkoBa cxema B Puc.3 — Bysnosi peakii
KOHCTPYKIIi1 B TPyHTOBOMY CEPEIOBHIII MeXax JIBOX JJAHOK JIAHOK PO3PaxyHKOBOT CXeMHI

Bupinrenns 3aa4i GOopMOyTBOPEHHS IIOJIATAE y OMKCI CTATHYHOI PIBHOBArM KOHCTPYKII i Ti€t0
NPHKIAJEHUX O BY3JB JUCKPETHOI MOJENi 30BHINIHIX NpPUBEICHHX BEKTOPHUX KOMIIOHEHTIB
HaBaHTaXeHb P.; Ta Py; [1] (puc.2), omepkaHHX HNUIIXOM 300py OHOPHUX 3yCHIb Y MICIIIX
CIOJIy4eHHsI KOXKHOTO TIOOIHTY Bifl (DYHKIIII po3noisieHoro HaBaHTaxeHHs ¢(x) Ta g(y) (puc.3).

P FII —1 Fl l+l (1) P Fll ~1 F:HI (2)

SIKIO MO3HAYATH KOOPANHATH JITEPOIO s (3aMiCTh X Ta V), plBHS{HHH CTaTUYHOI plBHOBaFI/I 3riHO
i3 y3araJbHEHOIO (HOPMOIO CTATUKO- FCOMCTpI/I‘IHOFO MeTony [2, 3] npuiiMyTh HACTYITHUM BUTIIA:

kiyosi =k k) stk s, =P, (3)

i, -1 Si

Bupiuyroun cuctemy piBHsiHb THITY (3) JUIsl BUIHUX BY3J1iB MOJIEINI, BU3HAYUMO 1X KOOP/AMHATH.
TTo310BXKHI 3yCHILIS y JTaHKaX (bopMoyTBopeHOI MO/IeTi BU3HAYAOTHCS 3a (DOPMYIIOH0:
=k;5,;, “)

nie 8;j — JOBKHHA TOBIUIBHOT JIAHKH S,S,‘, a k,~,,~ - napaMeTp LITBHOCTI TIO3/I0BXKHIX 3yCHIIb Y Hild.

Tlonepeyni 3ycusuis i SrUHANBHI MOMEHTH Y TIPOJIBOTI KOKHOT JTAHKH (TIOOIHTY ) BU3HAYATHMY THCSI
SIK JIUISI HAXWJICHOT OAJTKK Ha JIBOX OMOpax, HABAaHTa)KEHY PO3MOAITICHUM HaBaHTAKCHHSIM.

IIpouec popmMOyTBOpEHHS peai3y€eThCs UIIXOM 3IHCHEHHS 1TEPalliifiHOTO YHCIICHHS.

BuCHOBKHU: 3aIpPONOHOBAHUH MiAXiJ JO3BOIAE OTPHMYBAaTH Taki (OPMH TyHETIB/IOTEpHIB, Y
BY3JIaX CIOJIy4EHHS JIAHOK (TIOOIHTIB) SIKMX HE BUHMKAaTHME 3rHHAJILHUX MOMEHTIB. Le 3abe3neuye
BUIIY CTIHKICTh Ta MII[HICTh BiJMIOBIIHMX KOHCTPYKIIH MPH iX MEHIIIH MaTepialOEMHOCTI.

1. Bponmreiin .M., Cemennses K.A. (1957). JloBinuuk 3 matematuku. [l1s iHXKeHepiB Ta y4HIB BTy3iB, 608 c.

2. Cxouxo B.I. Meroau iHTepnpeTariifHoro reoMeTpUYHOTO MOJICIIFOBAHHS CITYACTHX CTPYKTYp Ta IX 3aCTOCYBaHHS.
Jluc. noxropa TexH. Hayk : 05.01.01. K. : KHYBA, 2021.

3. boBna T., Ckouko B. JluckperHe )opMOYTBOPEHHS OBEPXOHb. MiKHApO/IHA HAYKOBO-NIPAKTHYHA KOH(EpeHIIis
Monoanx BueHnx «byn-Maiictep-Kiac-2018»: te3u non. Kuis: KHYBA, 2018. C. 260-261.
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Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the study is to highlight the basics of the approach to the discrete shaping
(morphogenesis) of special-purpose underground structures (in particular of tunnel-type) with the
principle of momentlessness, which will increase their reliability and their service life under the
influence of external loads represented by active pressure and the weight of engineering geological
elements (I'E/EGE) of the soil massif (Fig.1).
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Fig.1 - Schematic diagram of the structure placement Fig.2 — Design scheme Fig.3 —Nodalreactions of the
in the soil environment within two links links of the design scheme

The solution to the morphogenesis problem consists in describing the static equilibrium of the
structure under the action of external reduced vector-components of loads Py; and Py ; [1] applied to
the nodes of the discrete model (Fig. 2), obtained by collecting the support forces at the junctions of
each tubing from the distributed load functions ¢(x) and ¢(y) (Fig. 3).

B =RT 4R 1) B, =F+F @

If the coordinates are indicated by the letter s (instead of x and y), the static equilibrium equations
according to the generalized form of the static-geometric method [2, 3] will take the following form:

le Szl (k +k1+l) S +k11+l S Rz (3)

ii-1 i

Solving a system of equations (3) for free nodes of the model, we determine their coordinates.
Longitudinal forces in the rods of the formed model are determined by the formula:

Nj=R;=k;5,. (C))

where &;; — length of rod (tubing) S;S;, and k;; — the parameter of the density of force in it.

The transverse forces and bending moments in the span of each rod (tubing) will be determined as
for an inclined beam on two supports, loaded with a distributed load.

The process of forming the shape is implemented by performing iterative calculations.

Conclusions: the proposed approach allows obtaining such shapes of tunnels, in the nodes of
connection of rods (tubings) of which no bending moments will arise. This provides higher stability
and strength of the corresponding structures with their lower material consumption.

1. Bronshtein LN., Semendyaev K.A. (1957). Handbook of mathematics. For engineers and students of technical
universities, 608p.

2. Skochko V.I. Methods of interpretive geometric modelling of mesh structures and their application. Dissertation ...
Doctor of Technical Sciences: 05.01.01. K. : KNUBA, 2021.

3. Bovda T., Skochko V., Discrete shaping of surfaces. International Scientific and Practical Conference of Young
Scientists «Build-Master-Class-2018»: abstracts. Kyiv: KNUBA, 2018. C. 260-261.
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Merta gociniKeHHs] — po3poOUTH aHATITUYHI Ta TEOMETPUYHI MIAXOAU 10 (GOPMYyBaHHS TITAAKHX
30H 3IHIMBAHHA MDK (DparMeHTaMH ITiJ3EMHUX TYHEIIB, 110 BIAPI3HAIOTBCS reoMmerpieio ado
HPOCTOPOBHUM IIOJOXKEHHSM, 3 YpaxyBaHHSM (i3MYHNMX Ta KOHCTPYKTHBHHX BHMOI Ha e€Taraax
€CKI3HOT'O IIPOEKTYBAHHSL.
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Puc.1 — 3aranbHuii BUMIISL LATIHAPHYIHOT TYHEIIIO. Puc.2 — PosropTka rmoBepxi mii3eMHOr0 TYHEIIO.

VYV poGoTi po3rasiHyTO CHOCIO JUCKPETHOTO MOJICIIOBAHHS TEOMETpil MiJ3eMHOTr0 TYHEI Y
BUTJISII CITYacTOi OOOJOHKH, IO MPE/ICTaBiIeHa HAOOPOM BY3IiB 1 3B’SI3KiB MiX HHMH. 3a3BHYail
TYHENb MOJCIIOETBCS SIK PEryjisipHa LWIHAPUYHA MOBEPXHS, YTBOPEHA CITKOK 3 PIBHOMIpHHM
PO3IIOIIOM BY3IIB IO JOBXKHHI Ta y KOxXHOMY mepepisi (zuB. puc.l). IIpote, mpu HeoOXigHOCTI
CIIOJIyUeHHs IBOX TYHEINIB Pi3HUX JAiameTpiB (abo B3araii pi3HOi reomeTpudyHO (Gopmu Tepepisis),
sSIKi, OKPIM TOTO, MOXKYTb epe0yBaTH y Pi3HOMY ITPOCTOPOBOMY ITOJIOXKEHH] BiTHOCHO OJIMH OJIHOTO
— YTBOPIOETBCS TEPEXiIHA 30HA, sIKa MTOTPEeOYE aaanTHBHOI HEPETYIISIPHOT CITKH.

Hymepatist By3i1iB KOKHOI YMOBHO JiHIMHOI JiISHKM TyHeIiB BUKOHYETbCs Ha ii po3roprii i3
JTyOJTFOBAaHHSIM HOMEPIB KpalHIX Ps/IiB KPaiB PO3TOPTKH TaKMM YHHOM, 1100 OYII0 3p03yMiInM, sIKi
caMe 3 HUX MaloTb IONapHO CIOIY4aTUCs (JHUB. pHC.2).

TlnaBHUit mepexiq CHOOMYYEeHHS MDK pIi3HUMH (parMeHTaMH TYHENiB pi3HOI TeoMerpil
pealizyeTbCsi IUIIXOM IOCTYNoBoi pedopmarii peryiaspHoi CiTKM B 30HI 3LIMBaHHS, 3
BUKOPUCTAHHSIM IHCTPYMEHTIB TNpPUKIAAHOT JUCKPETHOI TeoMmeTpii (30Kkpema Ha OCHOBI
y3araJlbHCHOr0 MaTEMaTHYHOIO alapaTy CTAaTHKO-TCOMETPHYHOIO METOXY) Ta EJIEMCHTIB Teopil
napamerpusanii. Takuil miaxin 3a0esnedye JUCKPETHY IMITalil0 TJAAKOro (KOHTHHYaIbHOTO)
(hopMOYTBOPEHHS 30H CIOJIYUYCHHSI TOCIIHKYBaHUX JIUISTHOK TYHEJIB.

3anporoHoBaHMil MiJIXiJ 0 3MIMBaHHS IIJ36MHHUX TYHEIIB J03BOJSE 3a0€3MEUNTH HE JIMIIE
TUTaBHI IEPEX0/IM MK ()parMeHTaMH Pi3HOT TeOMETPii, 0 0COOJIMBO BAXKIIMBO Y BUITAAKaX 3’ € THAHHS
JUISTHOK 3 BIAMIHHUMHM J[laMeTpaMH YH IIPOCTOPOBUMH OpIEHTALiSIMH, @ TakoX 1 3a0e3meduTn
e(eKTHBHY poOOTY YTBOPEHUX 30H B MEXaX NpYyxHUX Aedopmariii. Takoxk JaHU# MiAxix 103BOJIsIE
MiHIMI3yBaTH 30HHM KOHIICHTpALil HaNpy)XeHb Ha JAUISHKAX 3MIMBAHHS, 11O IMiJABUIIYE HATIHHICTH
KOHCTPYKLi Ta pOOUTH eTar eCKi3HOro MPOEKTYBaHHs OLIbII iHPOPMATUBHUM 1 €hEKTHBHUM.

1. Iocikepa A., Ckouko B., Ilupokos A., CmipizonoB B. I'eomerpuune MOJETIOBAHHS TIJIAJKOTO CIONYYEHHS
(hparMeHTiB JUCKPETHO MPE/ICTAaBICHHX TOBEPXOHb. [IpuKianana reomerpis Ta itmkenepHa rpadixka. K :KHYBA; Towm 1
Ne 106 (2024): c. 221-240.
https://doi.org/10.32347/0131-579X.2024.106.221-240

2. Ckouko B.I. Meroau iHTeprnperamiifHoro reoMeTpHYHOr0 MOJEIIOBAHHS CITYACTHX CTPYKTYp Ta iX 3aCTOCYBaHHS:
Juc....n.1.H., 05.01.01. — K. : KHYBA; 2021. https://uacademic.info/ua/document/0521U101735
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The purpose of the study is to develop analytical and geometric approaches to the formation of
smooth stitching zones between fragments of underground tunnels that differ in geometry or spatial
position, taking into account physical and structural requirements at the stages of preliminary design.
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Fig. 1 — General view of a cylindrical tunnel. Fig.2 — Scan of the surface of an underground tunnel.

The paper considers a method of discrete modeling of the geometry of an underground tunnel in
the form of a mesh shell, represented by a set of nodes and connections between them. Typically, a
tunnel is modeled as a regular cylindrical surface formed by a mesh with a uniform distribution of
nodes along the length and in each cross-section (see Fig. 1). However, if it is necessary to connect
two tunnels of different diameters (or generally of different geometrically shaped sections), which, in
addition, may be in different spatial positions relative to each other, a transition zone is formed, which
requires an adaptive irregular mesh.

The numbering of the nodes of each conditionally linear section of tunnels is performed on its scan
with duplication of the numbers of the outermost rows of the scan edges in such a way that it is clear
which of them should be connected in pairs (see Fig. 2).

The smooth transition of the connection between different fragments of tunnels of different
geometries is implemented by gradual deformation of the regular mesh in the stitching zone, using
tools of applied discrete geometry (in particular, based on the generalized mathematical apparatus of
the static-geometric method) and elements of the theory of parameterization. This approach provides
a discrete imitation of the smooth (continuous) formation of the connection zones of the studied tunnel
sections.

The proposed approach to stitching underground tunnels allows not only to ensure smooth
transitions between fragments of different geometries, which is especially important in cases of
connecting sections with different diameters or spatial orientations, but also to ensure effective
operation of the formed zones within the limits of elastic deformations. This approach also allows to
minimize stress concentration zones in the stitching sections, which increases the reliability of the
structure and makes the stage of sketch design more informative and effective.

1. Posikera A., Skochko V., Shirokov A., Spiridonov V. Geometric smooth coupling modeling fragments discretely
represented surfaces . Applied geometry and engineering graphics. K: KNUBA ; Vol. 1 No. 106 (2024): pp. 221-
240.
https://doi.org/10.32347/0131-579X.2024.106.221-240

2. Skochko V.I. Methods interpretative geometric modeling mesh structures and their application: Diss.... Doctor of
Technical Sciences, 05.01.01. — Kyiv: KNUBA; 2021.https :// uacademic . info / ua / document /0521 U 101735
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Ha cporogni mnurtaHHs CTiHKOCTi, €()EKTUBHOCTI Ta ONTHMIi3alil KOHCTPYKTMBHMX pillleHb
BiIrpaloTh BaXIIMBY POJIb Y IPOEKTYBAHHI 3aXMCHUX CHOPYH LUBLIBHOTO 3aXHCTY, OCOOIMBO 3a
YMOB Cy4aCHHMX TEXHOI'€HHUX 3arpo3.

TuTerpariiss mepeJOBUX METO/IB MapaMeTPUYHOTro MojentoBanHs Ha ocHOBI NURBS-kpuBux Ta
MIOBEPXOHb, MPHHIUIIB AUCKPETHOTO T'€OMETPUYHOTO MOJIECNIOBAHHS OOOJIOHKOBUX KOHCTPYKIIH,
aHali3y 13 3aCTOCYBAaHHSM METOJY CKIHYCHHHX €JEMEHTIB Ta TOINOJOTIUHOI onTHMi3ail,
3aCTOCYBaHHS TI'CHEPAaTHBHOTO IM3aliHy Ta AITOPUTMIYHUX IIiAXOMIB Yy MPOIEC MPOCKTYBAHHS
Hi3EMHUX CHOPYJ CHPHUSAIOTh BIOCKOHAJICHHIO IIPOLECIB IPOEKTYBAHHS 3aXUCHUX CIIOPY]L,
30UIBIIEHHIO X ()YHKIIOHAIBHOCTI H ajanTarii 10 Cy4acHUX BUKJIMKIB Ta JO3BOJIAIOTH CTBOPIOBATU
KOHCTPYKIIIi 3 BACOKMMH €KCIUTyaTaliiHIMHU XapaKTePUCTHUKAMK MiHIMi3alli€l0 BUTPAT PECypCiB.

JluckpeTHe TeOMETpHYHE MOJICIIOBAHHS 3a0e3Meuye TOUHICTh PO3POOKH KOHCTPYKIIH, a TaKoXK
CIIPOILly€e CTBOPCHHs IX TpuUBHMIpHHX Ta BIM-mopneneil mis aHamizy XapakTepy HaBaHTa)<EHb i
MOBE/IIHKA KOHCTPYKTHBHHX elleMeHTiB [1].

BukopucraHHs 00OJOHKOBHX KOHCTPYKIIi NpPH NPOEKTYBaHHI 3aXHUCHHX CIIOpYH 3abe3rnedye
PIBHOMIpHHI PO3MO/iJ HABAHTAKEHb Ta BUCOKY MEXaHIYHY MIIHICTh IXHIX ejgeMeHTiB. Hanpukias,
00OJIOHKOBI DIIllCHHA Ui MiA3¢MHHUX CHOPYZA LHBUIBHOTO 3aXMCTY IEMOHCTPYIOTH IepeBaru
CTiliKOCTi Ta 1oBroBiyHOCTI [2]. Oco01MBY poiib Bigirpae aHaii3z poOoTH 000JIOHKOBIX KOHCTPYKIIIH
i1 BIUIMBOM aKTUBHOT'O IPYHTOBOT'O THUCKY, T1IPOCTATHYHOTO i IiIPOANHAMIYHOIO HABaHTAXKECHb Ta
celicMiuHMX BIUIMBIB. Ha CbOroAHilIHIM J€Hb OJHMM i3 HAWOLIBII JI€BUX IHCTPYMEHTIB
MOJICIIIOBaHHS OBEAIHKU 3aXUCHUX KOHCTPYKIIIH B peaIbHIX YMOBAX € METOJ{ CKiHUCHHX CJICMEHTIB
(MCE) [3]. 3acrocyBanus MCE no3Bonsie mnpoBOAWTH iTepauliiHUW aHai3 HaNpyKEHO-
neOpPMOBAHOT0O CTaHy KOHCTPYKII HA KO)KHOMY €TaIli TOMOJIOTIYHOI ONTHMI3allil po3paxyHKOBOT
MoJeNi, 10 Ja€ 3MOrYy BHSBIATH Ta ONTHMI30BYBAaTH AUISHKH, JC BHHUKAIOTH KOHLEHTPATOPU
HampyXeHb. TOMOJOriYHa ONTHMI3aIlisl JUCKPETHUX MOJEIeH KOHCTPYKIIH CrIpsMOBaHA Ha
CTBOPEHHS 1X ONTUMAIBHUX PIlICHb i3 MAKCHMAJIbHUM 30EpEKEHHSM MILHOCTI 32 MiHIMaIbHOTO
BUKOpUCTaHHs MarepiaiiB. BoHa po3’s3ye npobOiemu epeKTUBHOIO BUKOPHCTAHHS PECypCiB B
YMOBaxX Cy4acHOro OyniBHHITBa [4], 3 ypaxyBaHHSM pPi3HHX KpUTepilB omrTmMizamii (MiHimizamii
Macu, BHYTPILIHIX 3yCHJIb Ta iH.) Ta 0OMeXeHb (HaIpPyKEeHb, IPOTUHIB TOLLIO).

KoMruiekcHui — miaxin 70  TPOEKTYBaHHS  3aXUCHUX  CHOPYH  CIPHSE  CTBOPEHHIO
BUCOKO(DYHKIIIOHAIBHUX PIllICHb, 5IKI J03BOJISIOTH 3a0€3MEYUTH TXHIO CTIHKICTh, JOBrOBIUHICTH Ta
BIJIMOBIZIHICT, CydacHMM HOTpebaM. 3acTOCYBaHHS METOMAIB Ta IHCTPYMEHTIB JIHCKPETHOIO
reoMeTpu4HoOro QGopMoyTBOpeHHs [5] [03BOIsE CTBOpIOBaTH Taki (opMH 0OOJIOHKOBUX
KOHCTPYKIIIH, II0 BHUKOHYIOTh 3aXHMCHI (YHKIII 32 paXyHOK iX T€OMETPHUYHHMX MapaMeTpiB i
XapakTepy pO3INOJlTy BHYTPIIIHIX 3yCHIIb I/ €0 33/1aHUX 30BHIIIHIX BIUIMBIB, a HE 332 paXyHOK
TPAIULIHHOTO 301IbIICHHS (Di3MKO-MEXaHIYHUX XapaKTEePUCTHK MaTepiaiB Ta TOBIIMH BiAMOBITHAX
KOHCTPYKTHUBHHUX €JIEMEHTIB.

1. Boiiko B. A. Texuosorii KOMI'IOTEPHOTO TI'€OMETPUYHOIO MOJEIIOBAHHS SIK 3acid MoTHBalii MailOyTHIX
Oy HiBeJILHUKIB JI0 MPOEKTHOI JisibHOCTI. Haykosi 3anmcku. Cepist: meyarorika. 2023. Ne 1. C. 277-283.

2. Taiiko I'. I, Tan A. JI., Bamniuna B. B., Martsiituyk 1. O. AHaii3 mporpecMBHUX KOHCTPYKTHBHHX PillleHb
MiJ[3eMHUX CHOPY/I LMBUILHOTO 3aXHCTy. MOCTH Ta TyHeli: Teopisi, JociiukeHHs, npakTuka. 2024. Ne 26. C. 31-
40.

3. Tmpuenko M., I'Bozap B., Pynemko I, Bac O. OcoGuuBOCTI KOHCTPYKTHBHMX PillICHb 3aXHCHHX CIIOPYJl
IIMBITBHOTO 3aXHCTy: HaBd. Moci6. Yepkacn, 2022. 130 c.

4. Xarkosa JI., Jarine B. IIpoGiieMu BUKOPUCTAHHS 3aXMCHHUX CIIOPY/I IMBIIBHOTO 3aXHCTY B Cy4aCHHX YMOBaXx.
36ipHIK HAYKOBHX TIpailb YepKacbKOro iHCTUTYTY mosxkexHoi Oesnexu. 2023. Tom 7. Ne 2. C. 256-265.

5. Borsinoscbka C.I. TeopeTnuni 0cHOBH (POPMOYTBOPEHHS B AUCKPETHOMY MOJIC/IIOBaHHI 00’ €KTiB apXiTeKTypH Ta
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Today, issues of sustainability, efficiency, and optimization of structural solutions play an
important role in the design of civil defense structures, especially in the context of modern man-made
threats.

The integration of advanced parametric modeling methods based on NURBS curves and
surfaces, the principles of discrete geometric modeling of shell structures, analysis using the finite
element method and topological optimization, the application of generative design and algorithmic
approaches in the design process of underground structures contribute to the improvement of the
design processes of protective structures, increasing their functionality and adaptation to modern
challenges, and allow the creation of structures with high operational characteristics while minimizing
resource consumption.

Discrete geometric modeling ensures the accuracy of structural design, and also simplifies the
creation of their three-dimensional and BIM models for analyzing the nature of loads and the behavior
of structural elements [1].

The use of shell structures in the design of protective structures ensures uniform load
distribution and high mechanical strength of their elements. For example, shell solutions for
underground civil defense structures demonstrate the advantages of stability and durability [2]. A
special role is played by the analysis of the operation of shell structures under the influence of active
soil pressure, hydrostatic and hydrodynamic loads, and seismic effects. Today, one of the most
effective tools for modeling the behavior of protective structures in real conditions is the finite
element method (FEM) [3]. The use of FEM allows for an iterative analysis of the stress-strain state
of the structure at each stage of topological optimization of the calculation model, which makes it
possible to identify and optimize areas where stress concentrators occur. Topological optimization of
discrete models of structures is aimed at creating their optimal solutions with maximum preservation
of strength with minimal use of materials. It solves the problems of efficient use of resources in
modern construction [4], taking into account various optimization criteria (minimization of mass,
internal forces, etc.) and constraints (stresses, deflections, etc.).

A comprehensive approach to the design of protective structures contributes to the creation of
highly functional solutions that ensure their stability, durability and compliance with modern needs.
The use of methods and tools of discrete geometric shaping [5] allows to create such forms of shell
structures that perform protective functions due to their geometric parameters and the nature of the
distribution of internal forces under the action of given external influences, and not due to the
traditional increase in the physical and mechanical characteristics of materials and the thickness of
the corresponding structural elements.

1. Boyko V. Computer geometric modeling technologies as a means of motivating future builders to design activities.
Scientific notes. Series: pedagogy. 2023. No 1. 277-283.

2. Gayko G., Gan A., Vapnichna V., Matviychuk I. Analysis of progressive constructive solutions of underground
civil defense structures. Bridges and tunnels: theory, research, practice. 2024. No. 26. 31-40.

3. Ilchenko M., Gvozd V., Rudeshko I., Bas O. Features of constructive solutions of protective structures of civil
defense: teaching aids. Cherkasy, 2022. 130.

4. Khatkova L., Dagil V. Problems of using protective structures of civil defense in modern conditions. Collection of
scientific papers of the Cherkasy Institute of Fire Safety. 2023. Book 7. No. 2. 256-265.

5. Botvinovska S. Theoretical foundations of form formation in discrete modeling of architectural and design objects.
Dissertation ... Doctor of Technical Sciences. 05.01.01. K.: KNUBA, 2018. 526 p.
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[TepeobiagHaHHS MiABaIBHUX IPHUMIIICHb HUBUIBHUX 1 TPOMAACHKUX OyAiBeNb y HaHIIpOCTimIi
YKPUTTS € OJIHUM 3 aKTyaJIbHUX HaIrpsMiB IiJABUIICHHS PIBHS IMBUIBHOTO 3aXHCTy HACEJCHHS B
yMoBax 30poitHOro KoHQUIKTY abo Haa3BHYalHUX cuTyaunid. OAHaK Taka PEKOHCTPYKIIis
CYIPOBOKYETHCSI HU3KOK THITOBHUX MPOOJIEM, 0COOIHUBO Y KOHTEKCTI 3a0e31eueHHs IHKIIFO3UBHOCTI
Ta 6e30ap’epHOro JOCTyILy.

AHani3 J10cBify mepeoOiaHaHHs MiJBATbHUX MPHUMIIICHb Y HANMPOCTIII YKPUTTS TO3BOJIUB
BUSIBUTH HACTYITHI THIIOBI MPOOJIEMH:

HEJIOCTaTHS BUCOTA IPUMILIEHb — Y OUIBLIOCTI BUNA/IKIB MiHIMaJIbHA BUCOTA CTEIIl B YKPUTTSIX HE
BIINOBIZIa€ BUMOTraM, II0 YCKJIAJHIOE OOJNAIITYBaHHS BEHTHJSILIHHUX CHCTEM, IH)KCHEPHHX
KOMYHIKaliil 1 CTBOPEHHS O€311EYHOT0 MPOCTOPY /ISl TPUBAJIOTO ITepeOyBaHHs JIIOCH;
BIZICYTHICTb eJeMeHTiB 0e30ap’epHOCTi — OLIBIIICTh MiABAIBHUX INPUMILEHb He o0JagHaHi
naHaycamu, idramu abo raThopMamMu Ui MAITOMOOUTEHUX TPYIT HACEIEHHS, 110 CYIIEPEUUTh
JIBH B.2.2-40:2018 "Iukmto3uBHicTh OyaiBenb 1 crmopya. OCHOBHI TOJOXEHHS", J€ YITKO
periaMeHTOBaHO JOCTYIHICTh HIIAXIB eBaKyallii Ta yKpUTTS AJ1s 0Ci0 3 iHBaNiAHICTIO;
HEBI/IMOBIHICTh CHCTEM BEHTWJIALIT Ta MOBiTpooOMiny — 3rigno 3 JIBH B.2.2-5:2023 " 3axucHi
CIIOPYAU LHUBUIBHOTO 3aXUCTy", YKPUTTS MOBUHHI OyTH 3a0e3reueHi cUCTeMaMu MPUILIMBHO-
BUTSDKHOI BEHTWIIAILIT 3 (inbTpauiero moBitps. [Ipore OinpliicTs migBaiiB He MarOTh HOAIOHUX
cucTeM abo TEXHIYHO HE MOXKYTh OyTH HUMU 000naaHaHi 63 CyTTEBUX PEKOHCTPYKIIIH;

- oOMeeHi LUISIXU eBakyalii — Oy/iBeibHI KOHCTPYKLIi 0araTthOX MifBaJbHUX MPUMILICHb HE
JIO3BOJISIIOTH BIIAIITYBATH JIBA HE3aJlEXKHI eBaKyalliiiHi Buxoau 3rigHo 3 Bumoramu JIBH B.1.1-
7:2016 "TloxexHa Oesreka 00’eKTiB OyAiBHUITBA. 3arajbHi BUMOTH", IO 3HIDKYE O€3reKy
KOPHCTYBaHHS B €KCTPEHUX CUTYALlIsIX;

TipOI30JISILIsl Ta CaHiTapHI YMOBH — 3HaYHa YaCTHHA IiJBAJIB HE Ma€ HAJEKHOI TiIpoi3osiil,
IO BeJie JI0 MiJBUIIEHOI BOJIOTOCTI, YTBOPCHHS ILTiICHSABY, YCKJIAIHIOE NOTPHMAHHS Tiri€HIYHUX
BuMor (/lep)kaBHi caHiTapHI HOPMH Ta PaBUIIa yTPUMAHHS TEPUTOPIi HACSICHHUX MICIIb), @ TAKOXK
CTBOPIOE PH3UKH JULS 310POB’ s, 0COOJINBO B yMOBAX TPUBAJIOTO IIEPEOyBaHHS.

Po3B’s3anHs npobiieM e(heKTHBHOTO MepeodiaHaHHs MiIBAIbHUX HPUMILICHb Y HANMpOCTimi
YKPUTTS 3 ypaxyBaHHSIM 1HKIFO3UBHOCTI Ta 6e30ap’epHOCTI MOTPeOye KOMIUIEKCHOTO MiIXOAY, 1110
BpPaxoOBY€ KOHCTPYKTHBHI OCOONMBOCTI 00’€KTIB, a TaKOX BHMOTIH 1H)KCHEPHOTO 3a0e3MedeHHs,
MOXKEeKHOT Oe3lekn Ta caHiTapHO-TirieHidHnx HopMm. [lomanbiie mochimkeHHs mnepeadayae
PO3pOOIICHHST THIOBUX PIIICHb 1 apXiTEKTYpHO-OyMIBENbHUX IIAXOMIB 3 YpPaxyBaHHSM UYHHHOL
HOPMaTHUBHO-TIPABOBOI 0a31 YKpaiHHU Ta KpaluX MpakTHK. BIpoBapKeHHs HAYKOBO 00IPYHTOBAHHX
pe3yibTaTiB CHPUSTHME MiJBUIICHHIO $KOCTI Ta OE3MEKH MICHKOTO CEepe/IOBHINA, a TaKOX
ONTHMI3aLlil BUTPAT Ha OOJAIITYBAHHS YKPUTTIB.

1. XKunkosa T., I'neba B., I'natiox JI., XKnoGHinpskuii A., [Ipuitmauenko O. IIpucTocyBaHHS MiABaIbHUX MPHMILIEHD
OyIMHKIB iJ{ yKPUTTSI Uil (UBIIBHOTO HaceneHus. Onip mamepianié i meopis cnopyo. 2023. Ne 110. C. 483-495.
https://doi.org/10.32347/2410-2547.2023.110.483-495

2. Tpynnes I'., Osuapenko b., Jlonruit A. Opranizaniiisi, mpaBosi Ta (iHaHCOBO-€KOHOMIYHI acTieKTH (pOpMyBaHHS i
BUKOPHCTaHHS (OHTY 3aXHCHHMX CIOpYJ UHMBLIBHOTO 3axuCTy Ykpainu. Evropsky Ccasopis ekonomiky a
managementu. 2021. Volume 7 Issue 2 C. 16-22. https://doi.org/10.46340/eujem.2021.7.2.3
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Re-equipping basements of civil and public buildings into the simplest shelters is one of the current
directions for increasing the level of civil protection of the population in conditions of armed conflict
or emergencies. However, such reconstruction is accompanied by a number of typical problems,
especially in the context of ensuring inclusiveness and barrier-free access. The following typical
problems of basement conversion can be identified:

Analysis of the experience of re-equipping basements into the simplest shelters allowed us to
identify the following typical problems:
insufficient height of the premises - in most cases, the minimum ceiling height in shelters does not
meet the requirements, which complicates the arrangement of ventilation systems, engineering
communications and the creation of a safe space for long-term stay of people;
lack of barrier-free elements - most basements are not equipped with ramps, elevators or platforms
for low-mobility groups of the population, which contradicts DBN V.2.2-40:2018 "Inclusiveness
of buildings and structures. Basic provisions", which clearly regulates the accessibility of
evacuation routes and shelters for people with disabilities;
inconsistency of ventilation and air exchange systems - according to DBN V.2.2-5:2023
"Protective structures of civil defense", shelters must be equipped with supply and exhaust
ventilation systems with air filtration. However, most basements do not have such systems or
cannot technically be retrofitted with them without significant reconstruction.
limited escape routes - the building structures of many basements do not allow for the arrangement
of two independent evacuation exits in accordance with the requirements of DBN V.1.1-7:2016
"Fire safety of construction objects. General requirements", which reduces the safety of use in
emergency situations;
waterproofing and sanitary conditions - a significant part of the basements does not have proper
waterproofing, which leads to increased humidity, mold formation, complicates compliance with
hygiene requirements (State Sanitary Norms and Rules for the Maintenance of Territories of
Settlements), and also creates health risks, especially in conditions of long-term stay.

Solving the challenges of efficiently converting basements into basic shelters with consideration for
inclusivity and accessibility requires a comprehensive approach that accounts for the structural
characteristics of existing facilities, as well as current requirements for engineering systems, fire
safety, and sanitary standards. Further research involves developing standard solutions and
architectural-construction approaches aligned with Ukraine’s regulatory framework and best existing
practices. The implementation of scientifically grounded results will enhance the quality and safety
of the urban environment and optimize the operational and construction costs of shelter arrangements.

1. Zhydkova T., Hleba V., Hnatiuk L., Zhlobnitskyi A., Pryimachenko O. Adaptation of basements of buildings for
shelters for the civilian population. Resistance of materials and theory of structures. 2023. No. 110. P. 483-495.
https://doi.org/10.32347/2410-2547.2023.110.483-495 [in Ukrainian]

2. Truntsev H., Ovcharenko B., Dolhiy A. Organizational, legal and financial and economic aspects of the formation
and use of the fund of protective structures of civil defense of Ukraine. European Journal of Economics and
Management. 2021. Volume 7 Issue 2 P. 16-22. https://doi.org/10.46340/eujem.2021.7.2.3 [in Ukrainian].
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Mera JOCHIUKEHHSI — aHaji3 BIUIMBY 3MiHM XapaKTepPUCTHUK IPYHTY Ha 3aXHUCT Bii pamiarii
3axMCcHUX crnopyn. PospaxyHku BukoHaHo 3rigHo Bumor JIBH B.2.2-5:2023 "3axuchi cropyau
muBLIbHOTO 3axucry" [1]. JIns BHKOHAHHS PO3PaxyHKIB 3 BH3HAUCHHS CTYICHIO IIOCIAOICHHS
paniaiiifHoro BIUIMBY Asp OyJO BHKOPHCTAHO XapaKTEPUCTUKH IPYHTY 3 Pi3HOIO IIUIBHICTIO Ta
BoutoricTio. HeoOXiHuil cTymiHb ocnadiaeHHs! paaiaiiHoro BIUuBY (cTymiHb 3axucty) A; =3000.
Jlist po3paxyHKiB Oys0 MPUHHATO 3ai1i300€TOHHY KOHCTPYKLIKO 3 0a30BHMH TE€OMETPUYHUMHU
rapaMeTpamu, TOBIIMHA — 35 CM.

3a pes3ynbTaTaMi pO3paxyHKiB MOCHA0ICHHS paIiallifHOro BILIMBY OYJIO BH3HAYCHO HEOOXIiIHY
TOBIIMHY IPYHTY 3 BIAIOBINHHMH XapaKTE€PHCTUKAMU UL 3a0C3MCUCHHS CTYIEHS II0CIA0ICHHS
paniauiiinoro BBy A; =3000 Ta HaBegeHo B Tabi.1. Pe3ynbraTu OIiHKM 3MiHHM TOBIIUHHU IPYHTY
B 3aJIC)KHOCTI BiJl 3MiHH XapaKTEPUCTHK HABEJICHO B Ta0I. 2.

Tabx. 1 — BusHaueHHs TOBLIMHY IIAPY IPYHTY Tab61.2 — 3miHa TOBIIMHH IPYHTY
iTBHi . 3MiHn
Ne LLIIH/BHIfTB, Bouoricts, % Tomna mapy No | Bazose 3miHa —
rem TPYHTY, CM " | 3HAYCHHA | XapaKTEPUCTUK o
1 1 2 3 IpyHTY, %
1 1,95 19 60 ! ! 2 =2
5 16 19 49,2 1 1,953 1,6 r/em -18%
2 r/cm 2,1 r/em? +7%
3 1,6 10 41,8
3 | 19% npu 10 % -15%
4 1,6 35 57,2 = 3
4 | 1,6 r/em 35% 16%
5 2,1 10 55,0
5 | 19% npu 10 % -15%
6 2.1 35 75,2 6 | 2,1 rlem? 35 % 16%
7 2,1 19 64,6 : > >
W nocbene 199 i el Aot Hllrpeicre 18 of " e IRji s 2,1 ¢ fena "mpw
R R T T b ll'lﬂ:"._ﬁlfl"' S gy EOmGGET Ry

T

e e L e 1)

N Cm— - mn - -
B W S W w0 = MO LU LU LI R B B I W 60 %O w0

a 3 6
Puc.1 — Jliarpamu 3MiHH TOBIIMHE LIAPY IPYHTY: d- IPH BOJIOTOCTi IpyHTY 19% Ta pisHiil IinbHOCTI; 6 - Ipu
winsHoCTi 1,6 r/eM® Ta pi3Hiil Bonorocti; ¢ npu minbHOCTi 2,1 r/cM? Ta pisHii BOIOTOCTI.
3a pesynbTaTamMu MPOBEACHUX PO3PAXYHKIB Ta MOPIiBHSHG (Tad:. 1, puc. 1), BCTaHOBJIEHO:
— 3MiHa BOJIOTOCTI I'PYHTY BIUIMBAE Ha 3MiHY TOBLIMHHM IIapy IPyHTY 10 16% ;
— 3MiHa IUIBHOCTI IPYHTY BILIMBA€ HA 3MiHY TOBILUHU LIapy IpyHTY 10 18%.
ITpu 1boMy cItift 3ayBaXkKHUTH, IO IPH 30LUTBIICHH] MIUIBHOCTI Ta BOJIOTOCTI IPYHTY 301IbIIY€EThCS
HeoOXiIHA TOBIIMHA IIapy IPYHTY AJIst 3a0€3MeUEHHs CTYIICHIO NOCNa0IeHHs paialliifHOro BILIUBY
3aXHCHUX CIIOPYI.

1. IBH B.2.2-5:2023 "3axucHi cnopyau uuBinsHoro 3axucty."[Yunni Bix 01.11.2023] - Kuis: JlepxkaBHe areHTCTBO
3 NUTaHb OyIiBHULTBA Ta }KUTJIOBO-KOMYHAJILHOTO rocrnoaapersa Ykpainu, - 2023. — 122 c.
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The purpose of the study is to analyze the influence of soil characteristics on radiation protection
in shelter structures. Calculations were carried out in accordance with the requirements of DBN B.2.2-
5:2023 "Protective Structures of Civil Defense" [1].

To determine the attenuation degree of radiation impact (Azr), calculations were performed using
soil with various densities and moisture contents. The required radiation attenuation factor (protection
level) was A, = 3000.

A reinforced concrete structure with basic geometric parameters and a thickness of 35 cm was
used for the calculations. Based on the results of the calculations, the required thickness of soil with
respective characteristics ensuring A, = 3000 was determined and is presented in Table 1. The results
of the assessment of soil thickness variation depending on changes in characteristics are shown in
Table 2.

Table 1 — Determination of soil Layer Thickness Table 2 — Variation in soil level Thickness

No Densit}y, Moisture, % Soil layer N | Base Changed Thickness

g/em thickness, cm value value Change, %
1 1 2 3 1 1 2 3
1 1,95 19 60 1 1,95 | 1,6 glem’ “18%
2 1,6 19 49,2 2 g/cm’ 2,1 g/em? +7%
3 1,6 10 41,8 3| 19%at 10 % -15%
4 1,6 35 57,2 4 [ 1,6g/em® | 35% 16%
5 2,1 10 55,0 5| 19%at 10 % -15%
6 2.1 35 75,2 6 | 2,1g/em® | 35% 16%
7 2,1 19 64,6

Whicds a1 9% wl dumsniity: Dangivy 1.6 grom” at ; Denitty 2.1 ghom' at
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Pic.1 — Diagrams of soil layer thickness variation: a) at 19% soil moisture and different densities; b) at 1,6 g/cm?
density and different moisture levels; ¢) at 2,1 g/cm® density and different moisture levels.

According to the results of the calculations and comparisons (Table 1, Fig. 1), it was found that:
— a change in soil moisture affects the variation in the required soil layer thickness by up to
16%;
— a change in soil density affects the variation in soil layer thickness by up to 18%.
It should be noted that with increasing soil density and moisture content, the required thickness of
the soil layer increases to ensure the necessary level of radiation attenuation in protective structures.

1. DBN V.2.2-5:2023 "Protective Structures of Civil Defense." [Effective from 01.11.2023] — Kyiv: State Agency for
Construction and Housing and Communal Services of Ukraine, 2023. — 122 p.
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ByaiBHUITBO B yMOBax »apKoro KJIiMary 3ajJUIIAEThCs OAHUM 3 HAafCKIaAHIMMX BUKINKIB IS
Cy4YacHHX TEXHOJIOTiH 3BEJICHHsS MOHOJITHHUX 3a/1i300€TOHHUX KOHCTPYKIiil. Bucoka Temmeparypa
noBiTpst (monan +30°C), iHTeHCHBHA COHSYHA paJiiallisi Ta HU3bKa BiJlHOCHA BoJsioricTh (MeHIe 30%)
MPU3BOASATH JI0 MPUCKOPEHOrO BHUIIAPOBYBAHHS BOJM 3 OETOHHOI CyMillli, MOPYIIEHHS MPOLECIB
rigpararii IEMEHTY Ta YTBOPESHHS 3HAYHHUX yCAJOYHHUX TPIILIHH.

Yactka gedekTiB 3a1i300€TOHHUX KOHCTPYKLIH, 3BEICHUX B jKapkomy KiimaTti, Ha 40% Buiua
MOPIBHAHO 3 KOHCTPYKILISAMH, 30yZOBaHNMH B IOMipHOMY KiiMarti. Lle 06yMoBIIOE€ HEOOXiIHICTH
PO3pOOKH  cHELiadbHUX TEXHOJOTIYHHX pillleHb, IO 3a0e3MedaTh SKICTh Ta JIOBrOBIYHICTH
3a1i300€TOHHUX KOHCTPYKIIil B CKJIaJHUX KIIMaTHYHUX yMOBaX. [IprcKopeHa rigparanis HeMeHTy
B IEPILI F'OJIMHU TBEPAIHHS MPU3BOAUTD 10 (POPMYBAHHS CTPYKTYPH 3 MiAIBUIICHOIO MOPUCTICTIO, IO
3HMIKYE MIIHICTB Ta JOBrOBIUHICTH OeTOHY. Tak 3011bLICHHSs TemMIiepaTypu 0eToHHOI cymiri 3 +20°C
no +40°C ckopodye uac TMOYaTKy CXOIUIFOBaHHS B 2-3 pa3u, M0 YCKIAJHIOE TPOLeC
TPaHCIOPTYBaHHS Ta yKiaaaHHs OeTony [1].

-.-. i o

Puc. 1. YTB:)[.)e;Hﬁ TpimuH Puc. 2. BUkopucTaHHs 101y Puc. 3. ByaiBHULIITBO MOCTY
Ha OETOHHI MOBEPXHi. JUIS 32 TBOPEHHS OETOHHOT Sheikh Zayed Bridge (OAE).
CyMil. (Haoano Abu Dhabi Municipality)

3axoau 3 MoauGikauii ckiaay OETOHY HMUISXOM BBEJEHHS CyNepIulacTH(ikaTopisB B MOEHAHHI 3
CHOBUIbHIOBAYaMH TBEPAIHHS JJO3BOJISIOTH MiATPUMYBATH HEOOXiJHY PyXOMICTb CyMillli IPOTSTOM
2-3 roauH npu Temneparypi +35...+40°C.

AJte iCHYIOTB 1 TEXHOJIOTIUHI IPUIOMH, TaKi SIK OXOJIOJPKSHHS 3aII0OBHIOBAYIB IIUISIXOM 3POILECHHS
BOJIOI0 200 30epiraHHs M CHeliaJbHUMH HaBicaMH (3HIDKYE Temrmeparypy cymimi Ha 3-5°C);
BUKOPUCTAHHS JIbOAY 3aMIiCTh YacTHHM Boau 3arBopeHHs (mo 70% wmacu Bomu) (puc. 2);
3aCTOCYBaHHS PpIIKOr0 a30Ty [ IIBHAKOIO OXOJOIKEHHS B OCOOIMBO BiANOBITAIBHUX
KoHCTpyKUisx [2]. Hanpukian, npu Oy niBHunTBI XMapodoca Kingdom Tower B [xunni (CaygiBcbka
ApaBisl) BUKOPHCTOBYETBCS TEXHOJOTiS 3 IOBHOIO 3aMiHOK BOAM JBOJAOM Ta OXOJIOKCHHSIM
3all0BHIOBAYIB y CIICL[iaJIbHUX XOJIOJUIIBHUX KaMepax, II0 J03BOJISE€ OTPUMATH OCTOHHY CyMillI 3
Temneparypor +22°C npu TemrepaTypi HaBKOJIMIIHBOTO cepenopuia +42°C, a npu OyiBHULTBI
mocta Sheikh Zayed Bridge B AGy-/1a6i (puc. 3) Oyna po3po0sieHa KOMIUIEKCHA CHCTEMa 0TIy,
sIKa BKJIFOUAJIa MMOKPUTTSI KOHCTPYKI[H CreliaIbHUMH TEPMOI30JSIIHHIMH MaTaMu 3 BOYZIOBaHOIO
CHCTEMOIO 3BOJIOXKCHHSL.

1. lInaxosa I".B., Kopwiituyk /I.B. (2024). YkpainceKkuii monepeaHbo HanpyskeHHui 3anizoberon. XVII eceykpaincoka
HayKkoso-mexuiuna kongepenyis « Cmanuii pozeumox micm: nocmeochnuil nepiooy, XHYMT', Xapkis. C.26-27.

2. I'pumyk B.C., Ilerpenko JI.A. (2019). MinHicTh Ta TPIilIMHOCTIHKICTh MONEPEHRO HANIPYXKEHOTO 3aJ1i300€TOHY.
JKypuan inscenepnux nayk, 5(57). C. 78-85.
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Construction in hot climates remains one of the most difficult challenges for modern technologies
for the construction of monolithic reinforced concrete structures. High air temperature (over +30°C),
intense solar radiation and low relative humidity (less than 30%) lead to accelerated evaporation of
water from the concrete mix, disruption of cement hydration processes and the formation of
significant shrinkage cracks.

The proportion of defects in reinforced concrete structures built in hot climates is 40% higher than
in structures built in temperate climates. This necessitates the development of special technological
solutions that will ensure the quality and durability of reinforced concrete structures in difficult
climatic conditions. Accelerated hydration of cement in the first hours of hardening leads to the
formation of a structure with increased porosity, which reduces the strength and durability of
concrete. Thus, increasing the temperature of the concrete mixture from +20°C to +40°C reduces the
time for the onset of setting by 2-3 times, which complicates the process of transporting and placing
concrete [1].

g

b e

Fig. 1. Crack forma;ion.on a Fig. 2. Using ice to orm a Fig. 3. Construction Sheikh Zayed
concrete surface. concrete mix. Bridge (OAE). (Courtesy of Abu
Dhabi Municipality)

Measures to modify the composition of concrete by introducing superplasticizers in combination
with hardening retardants allow maintaining the necessary mobility of the mixture for 2-3 hours at a
temperature of +35...+40°C.

But there are also technological techniques, such as cooling aggregates by spraying with water or
storing them under special canopies (reduces the temperature of the mixture by 3-5°C); using ice
instead of part of the formation water (up to 70% of the water mass) (Fig. 2); using liquid nitrogen
for rapid cooling in particularly critical structures [2]. For example, during the construction of the
Kingdom Tower skyscraper in Jeddah (Saudi Arabia), technology is used with complete replacement
of water with ice and cooling of aggregates in special refrigeration chambers, which allows obtaining
a concrete mix with a temperature of +22°C at an ambient temperature of +42°C, and during the
construction of the Sheikh Zayed Bridge in Abu Dhabi (Fig. 3), a comprehensive maintenance system
was developed, which included covering the structures with special thermal insulation mats with a
built-in humidification system.

1. Shpakova H.V., Korniichuk D.V. (2024). Ukrainskyi poperedno napruzhennyi zalizobeton. KhVII vseukrainska
naukovo-tekhnichna konferentsiia «Stalyi rozvytok mist: postvoiennyi period», KhNUMH, Kharkiv. S.26-27.

2. Hryshchuk V.S., Petrenko L.A. (2019). Mitsnist ta trishchynostiikist poperedno napruzhenoho zalizobetonu. Zhurnal
inzhenernykh nauk, 5(57). S. 78-85.
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Kpusopizvkuii nayionansnuil ynieepcumem (m. Kpueuii Piz)

JUns BCTAQHOBJICHHS BIUIMBY apMyBaHHs 3THHAJIBHHX KOHCTPYKIIH koMOiHamiero MeTaneBoi Ta
0a3aJbTOIIACTUKOBOI apMaTypy Ha MOKAa3HHMKU iX MIIlHOCTiI OyJM 3alpOEKTOBaHI Ta BUTOTOBJICHI
JocninHi 3pasku 6anok. beron xiacy C25/30 6yB BUKOpPHUCTaHHN 17 BUTOTOBJICHHS 3pa3kiB. [l
JIOCITI/PKEHHS BILIMBY CITIBBITHOIICHHS apMaTypH Ha MIIIHICTh OYyJI0 CTBOPEHO IIICTh Cepiit 3pa3KiB 3
PI3HHMH HPONIOPLISMH MeTaneBoi Ta 0a3albTOINIACTHKOBOI apmartypu: 27%/73%, 73%/27%,
39%/61%, 61%/39%, 80%/20% ta 20%/80%. B KoXXHOMY CHIBBIJHOLICHHI MepIIe YHCIO
BizoOpakae BiICOTOK METalIeBOI apMaTypH, a ApyTre — 6a3aIbTOIIACTHKOBOI. BunpoOyBaHH: 3pa3kiB
OyJ10 311IfICHEHO HA CTAaTUYHUI BIUIMB HABAaHTA)KCHHS BIAMOBIHO 710 it04nX HOpM [1].

Poboty 0anok mij HaBaHTAXKEHHSIM MOYKHA MOUTATH Ha /1Bl (ha3u: 70 Ta Mmicisi HOYaTKy TeKy4OCTi
MmertaneBoi apmatypu. Jlo piBHs HaBaHTaxeHHS 40-50% Bix pyHHIBHOTO GaIKH IIOBOAATHCS SIK 3pa3KU
3 METAJICBOI0 apMaTyporo uepes ii qominyrounii BiuuB. Ha apyromy erari, micist moyatky mporecy
TEKy4OCTi MeTaly apMaTypH, OCHOBHE HABaHTa)KCHHsI ITOYMHAE CIPUAMATH 0a3albTOIIACTHKOBA
apMmarypa, 110 IPU3BOJMUTH J10 301IbLICHHS TPIIIMH Ta NIPOTHHIB. B miepeBaxkHii OLIBIIOCTI BUIIAKIB
py#HyBaHHS BiIOyBaloCs 4Yepe3 3MHHAHHS OCTOHY CTHUCHYTOI 30HHM Ta YaCTKOBHM DO3PHBOM
0a3aJIbTOIIIACTUKOBOT apMaTypu.

V Gankax, A€ JOMiHyBajla MeTaJleBa apMaTypa, MOYaTKOBE TPIIMHOYTBOPEHHS BinOyBaIocs MpH
PIBHSX HAaBaHTAXEHHS, IO Maibke 30iramucs 3 IOKAa3HUKAMH KOHTPOJBHHX 3Pa3KiB, apMOBAHHX
BUKJIIOYHO MeTaleBolo apmaryporo [2]. Lle cBimuuTh mpo Te, IO Ha IOYaTKOBOMY eTari
HaBaHTA)KEHHs MeTaJleBa apMaTypa Biflirpae BUpIIIAIbHY POJIb B CHIOBOMY OIIOpI.

BaxumBuM ¢akTopom, 110 BIUIMBAE Ha MIIHICTh OaloK, € BiICOTOK apMyBaHHs. ApMarypa,
po3TaloBaHa B PO3TATHYTIH 30Hi, €PEKTUBHO CIIpUIIMAE PO3TATYIOUi 3yCHIUIS, 1110 MPU3BOAUTD J10
PO3BaHTaXXEHHsI Tiepepi3y Ta 301IbIICHHS BUCOTH CTHCHYTOI 30HH. lle, cBoew wepror, crpusie
3MEHIIICHHIO HANPY>KeHb y CTUCHYTIH 30Hi, MiJBUIYIOUH 3aralIbHy MIIHICTh KOHCTPYKIII.

Haiimenmuit npupict MilHOCTI, o kosuBaBcs B Mexax 33-41%, crnocrepirasest y Oankax, siki
Malli BiJHOCHO HHU3bKHH BimcoTok apmyBaHHS — 0.89%. Lle cBimuuTh mpo Te, 10 HEIOCTATHS
KIUIBKICTb apMaTypH 0OMeXye IOTeHLial 301IbIIEHHs] HECYyUOl 31laTHOCTI.

OpHak, 31 30iJIbLICHHSM BIJICOTKA apMyBaHHsS CIIOCTEpIranocs MPOIMOPIIHHE 3pOCTaHHSI
MTOKa3HMKIB MilTHOCTi. ONTHMaJIbHUM 3HA4EHHSIM, 1110 3a0e3neuye HalKpaiie CIiBBIIHONIICHHS MIX
KIUJIBKICTIO apMaTypu Ta MPUPOCTOM MIIHOCTI, Oyno BusHaueHo 1.07%. bBankm 3 o3HaueHUM
BIZICOTKOM apMyBaHHS IIPOAEMOHCTPYBAIN IPHUPICT MIIHOCTI B Aiana3oni 61-70%.

AHani3z pe3yibTaTiB IOKa3HHWKIB MIIHOCTI, BHSBUB 3HAYHWN ITO3UTUBHHW BIUIUB 3aMiHU
TpaaULiHOT MeTaneBol apMaTypH Ha 0a3aJbTOIUIACTUKOBY, a TAKOX 3aCTOCYBAaHHS 3MIIIAHOTO
apMyBaHHsS Ha HeCydy 3JaTHICTh IOCIHIJHUX 3pa3KiB. 30kpema, Oysio 3adiKCOBaHO 30UIbILICHHS
Hecyd4ol 31aTHOCTI B aianasoHi Bix 33% no 74% mnopiBHSHO 3 KOHTposibHOIO cepieto [2]. Lleit
pe3yJIbTaT miKpeciIioe eeKTHBHICTh BUKOPUCTAHHS KOMITIO3UTHUX MaTepialliB y OyiBHULITBI.

1. ACTY b B.2.6-7-95 (IOCT 8829-94). Bupo6u Gy aiBeibHi GeToHHi Ta 3a1i300eTonHi 30ipHi. MeToaun BunpoGyBaHb
HABAaHTa)XXYBaHHAM. [IpaBuiia OLIHKH MIIHOCTIi, XOPCTKOCTI Ta TpimmHoctiiikocti. — K.: JlepskaBHuil KoMiTeT
VYkpaiuu y cpaBax MictoOyayBanHs i apxitextypu, 1997. — 34c.

2. Valovoi A., Koval P., Eremenko A., Valovoi M., Volkov S., “Durability of beams with hybrid reinforcement from
metal and basalt fiber reinforced polymer (BFRP) armature”, MATEC Web of Conferences 230, 02035 (2018)
https://doi.org/10.1051/matecconf/201823002035.
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To assess the impact of combining steel and basalt fiber reinforcement in flexural members on
their strength performance, experimental beam specimens were designed and fabricated. Concrete of
class C25/30 was used for specimen production. Six series of specimens were prepared with varying
ratios of steel to basalt fiber reinforcement: 27%/73%, 73%/27%, 39%/61%, 61%/39%, 80%/20%,
and 20%/80%. In each ratio, the first number represents the percentage of steel reinforcement, and
the second denotes basalt fiber reinforcement. The samples were tested under static loading according
to the applicable standards [1].

The behavior of beams under load can be divided into two stages: before and after the onset of
yielding in the steel reinforcement. Up to 40-50% of the ultimate load, the beams behave similarly
to those reinforced solely with steel, due to the dominant role of the steel reinforcement. In the second
stage, after steel yielding begins, the basalt fiber reinforcement takes on the primary load, resulting
in increased cracking and deflections. In most cases, failure occurred due to concrete crushing in the
compression zone and partial rupture of the basalt fiber reinforcement.

In beams where steel reinforcement was dominant, the initial formation of cracks occurred at load
levels nearly identical to those of control specimens reinforced exclusively with steel [2]. This
indicates that at early loading stages, steel reinforcement plays a critical role in structural resistance.

A key factor influencing beam strength is the reinforcement ratio. Reinforcement in the tension
zone effectively resists tensile forces, reducing stress in the cross-section and increasing the height of
the compression zone. This, in turn, lowers compressive stresses and enhances the overall strength of
the structure.

The lowest strength gain, ranging from 33% to 41%, was observed in beams with a relatively low
reinforcement ratio of 0.89%. This suggests that insufficient reinforcement limits the potential for
increasing load-bearing capacity.

However, as the reinforcement ratio increased, strength indicators improved proportionally. The
optimal ratio providing the best balance between reinforcement quantity and strength gain was
identified as 1.07%. Beams with this reinforcement ratio demonstrated strength gains of 61% to 70%.

An analysis of the strength results revealed a significant positive effect of replacing traditional
steel reinforcement with basalt fiber, as well as the effectiveness of hybrid reinforcement in enhancing
the load-bearing capacity of test specimens. In particular, an increase in load-bearing capacity ranging
from 33% to 74% was recorded compared to the control series [2]. These findings underscore the
potential of composite materials in construction.

1. DSTU B V.2.6-7-95 (GOST 8829-94). Precast Concrete and Reinforced Concrete Products. Methods of Load
Testing. Rules for Assessing Strength, Stiffness, and Crack Resistance. — Kyiv: State Committee of Ukraine for
Urban Development and Architecture, 1997. — 34 p.

2. Valovoi A., Koval P., Eremenko A., Valovoi M., Volkov S., “Durability of beams with hybrid reinforcement from
metal and basalt fiber reinforced polymer (BFRP) armature”, MATEC Web of Conferences 230, 02035 (2018)
(https://doi.org/10.1051/matecconf/201823002035).
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Ilpu po3paxyHky Oy/iBelbHHX KOHCTPYKIIH HaidacTillie BHKOPHUCTOBYIOTH IETEPMIiHOBaHI
PO3paxyHKy, IpUHMArO4 Pi3Hi CPOIIEHHS Ta OMYIIEHHS, KOTPI I03BOJISIFOTH IIEPEHUTH 3 pealibHOT
KOHCTPYKLIT 10 po3paxyHkoBoi moxesni. Ilin yac 1poro HakonuuyioTbCcss (akTopu, IO i
MIPU3BOAUTH 10 HETOYHOCTI pe3yJbTaTiB MOJCIIOBaHHS. BiIXMmICHHS MO MOXYTh BUHHKATH 1
HAKOIMHMYYBAaTUCS HA BCIX eTamax po3paxyHKy. | Jyje 4acTo I BIAXMJICHHS MalOTh BHIAIKOBHUI
XapakTep, 10 CIPUYNHIOE HEOOXIAHICTh BUKOPUCTAHHS IMOBIPHICHOTO MiAXOAY O PO3paxyHKY,
a00 Tak 3BaHMi MOBIPHICHHIA PO3pPaxXyHOK.

Oco061uBO U1t pO3paxyHKY MiJICHJICHUX KOHCTPYKIIii, /Ie KIIbKICTh MiHIMBUX (aKkToOpiB Oiblia,
HDK IpH PO3paxyHKYy HOBHX KOHCTpyKUid. Hampukian HEOOXiZHO BpaxoByBaTH HOJATKOBI
(dakropu, Taki, K HEIOBHE PO3BAHTAKCHHS KOHCTPYKIiH, 3ammmkoBi nedopmanii, nedexrn
0eToHy, KOpO3ito, BiK , ()i3UKO-MEXaHIYHi Ta PEOJIOTIUHI XapaKTEPUCTUKH MaTepiaiiB MiJACHICHOT
KOHCTPYKIIii Ta €IEMEHTY MiJICHIICHHS, HASBHICTh MiAMATINBOCTI KOHTAKTHOTO IIBA Ta CIOCO0IB
3’€JJHAHHS EJIEMEHTIB i CHJIeHHs. TOMy Ha MPaKTHILi TP MPOEKTYBAHHI MIJCUICHUX KOHCTPYKIIii
31e01IbIIOr0 BUKOPUCTOBYIOTh HAOJIMKECHHI METOAM PO3PAaxyHKY, IO HPHBOIITH IO 3HAYHUX
MIepPEeBUTPAT MaTepiaiB

MmoBipHicHHiT po3paxyHOK BpaxoBye HEBU3HAUEHICTH 1 Bapiarlil B IapamMeTpax, TakuX K 3MiHH
B SIKOCTI MaTepiajiiB, KOJIMBAaHHS HABAaHTA)XCHb, BIUIUB HABKOJHUIIHBOTO CEPEIOBHINA TOIIO.
MMoBipHicHHI pO3paxyHOK HO3BOJSE OLIHATH PH3MKH i MMOBIPHOCTI BUHHKHEHHS pi3HHX
CIeHapiiB, 10 MOXe OyTH OCOOJHMBO KOPHUCHHMM JUIs CKJIQJHUX a00 KPUTHYHO Ba)KIIUBHX
KOHCTpYKLiH. BiH qormomarae 3abe3ne4ynty Oibll TOUHY OLIHKY HAJIIHOCTI Ta O€3MeKH.

BukopucroByioun — HMOBIpHICHMH  PO3paxyHOK,  JCTEPMIHOBAaHMH  pO3paxyHOK  Ta
eKCIIEpUMEHTANIbHI [IaHi, MOXXHA BUKOHATH aHaJi3 HaIIHHOCTI pO3paXxyHKOBUX MOJENeH, B TOMY
YUCII MIJCUIEHUX 3TMHAJBHUX 3113006 TOHHUX €JIEMEHTIB.

Jns aHanizy eKCHepHMMEHTAIbHUX JOCIHIIKeHb PI3HUX aBTOPIB Mig0ip JOCHIAHUX 3pa3KiB
BUKOHYBAJIM 32 YMOBH IIOJ10HOCTI T€OMETPUYHHX PO3MipiB Oanok mincmienHs. [lapamerpn, Taki
AK OCHOBHE apMyBaHHs, apMyBaHHS IIiICUJICHHS, BUCOTA ITiICHICHHS, MIIIHICTHI Ta fe)opMaTHBHI
XapaKTEPUCTUKH OCHOBHOT'O OSTOHY 1 €IEMEHTIB IMiZICUIICHHS BIPI3HSIOTHCS B TOMYCTHMHUX MEKax
JUISL JOCHIKEHHS HaailiHOCTI.

BukopucroByroun naHuil mijaxia, OyB BUKOHAHMW aHaNi3 PO3PaXyHKOBUX MOJEINCH IMiACHICHUX
3aJ1i300C€TOHHUX 3TUHAJIBHUX CJICMCHTIB PI3SHUMH METOIAMU.

1. Nadolski V. Model uncertainties in resistance of stell members./ Nadolski V., Sykora M // Safety and Reliability
of Complex Engineered Systems /Ziirich — 2015 — p. 4189-4192.

2. INocrepnax O.M., IToctepnak M.M. BB HeBH3HAYEHOCTI PO3PaXyHKOBOI MOZIEII MiACHICHNX 3TMHAIBHUX
eneMeHTiB.//30ipHUK HAyKOBUX mpaub «Byaisenbui koncrpykuii. Teopis i npakrukay. KHYBA Bun. 10, 2022,
158-165c. https://doi.org/10.32347/2522-4182.10.2022.158-165¢.
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In the design of building structures, deterministic calculations are most often used, making various
simplifications and assumptions that allow you to move from the real structure to the design model.
In the process, factors accumulate, which leads to inaccurate modelling results. Model deviations can
occur and accumulate at all stages of the calculation. And very often, these deviations are random,
which necessitates the use of a probabilistic approach to calculation, or the so-called probabilistic
calculation. Especially for the calculation of reinforced structures, where the number of variable
factors is greater than when calculating new structures. For example, it is necessary to take into
account additional factors such as incomplete unloading of structures, residual deformations, concrete
defects, corrosion, age, physical, mechanical and rheological characteristics of the materials of the
reinforced structure and reinforcement element, the presence of pliability of the contact seam and
methods of connecting the reinforcement elements. Therefore, in practice, when designing reinforced
structures, approximate calculation methods are mostly used, which lead to significant material
overruns

Probabilistic calculation takes into account uncertainty and variations in parameters, such as
changes in material quality, load fluctuations, environmental effects, etc. Probabilistic calculation
allows you to assess the risks and probabilities of different scenarios, which can be especially useful
for complex or critical structures. It helps to provide a more accurate assessment of reliability and
safety.

Using probabilistic calculation, deterministic calculation and experimental data, it is possible to
analyse the reliability of design models, including reinforced bending concrete elements.

For the analysis of experimental studies by different authors, the selection of test specimens was
based on the similarity of the geometrical dimensions of the reinforcement beams. Parameters such
as the main reinforcement, reinforcement reinforcement, reinforcement height, strength and
deformation characteristics of the main concrete and reinforcement elements differ within acceptable
limits for reliability studies.

Using this approach, the design models of reinforced concrete bending elements were analysed
using different methods.

1. V.Nadolski . Model uncertainties in resistance of stell members./ Nadolski V., Sykora M // Safety and Reliability
of Complex Engineered Systems /Ziirich — 2015 — p. 4189-4192.

2.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
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Mera JOCHIDKEHHS — TpOaHaTi3yBaTH ICHYIOYi BapiaHTH BHKOPHUCTAHHS TEXHOJOTIT
MHEBMATHYHOI ONaTyOKH, BUSBUTH OCHOBHI [IepeBark Ta HeIOMiKH BUKOPUCTAHHS J[aHOT TEXHOJIOTIT
B YMOBaX Cy4acHOro Oy/iBHUIITBA.

V 3B’A3Ky 3 MOCTIfHMM TOIIYKOM IHHOBALIWHMUX pilleHb y cdepi OyIIBHUITBA, TEXHOJOTIS
MMHEBMATHYHOI OManyOKH cTae BCe OUIBII MOMyJsipHOK. BoHa HaOyBae akTyaabHOCTI B YMOBax
3pOCTAIOYMX BHMOT JI0 €KOJOTIYHOCTI Ta MOOUTBHOCTI Oy/iBENbHHX TEXHOJOTiH, a TaKOX MpU
OyniBHUITBI B OOMEKEHHX MICBKHX MPOCTOpax Ta JO3BOJISIE CTBOPIOBATH CKJIAJHI apXiTEKTYpHi
(hopMH npH MiHIMAIBHUX BUTpaTax MaTepialiB i uacy.

Texnonoriss PFHC (Pneumatic Forming of Hardened Concrete) nama 3mory crBoproBatu
OeToHH1 00010HKY y hopMi OiHINIENIB — TOHKOCTIHHUX, CAMOHECYYHX KYIIOJIiB.

VY OyIiBHHITBI METPOIOITEHY THEBMOOIATYyOKa BUKOPHCTOBYETBCS ISl CTBOPEHHS apKOBHUX
MEPEKPUTTIB Ta TYHEIbHUX OOIINBOK, 3a0€3MeUy0UHN ILIBU/IKE 3BE/ICHHS.

VYV npoekrax KaHadi3aliiHUX TpPyO BOHA J03BOJIsiE (hOPMYBATH JOBrOBiYHI OOOJOHKU 3
MiHIMaJIbHUM 00CSTOM 3eMIISTHUX POOIT.

V migzeMHuX cxoBHUIax (BiliCPKOBOrO Ta NUBINFHOIO MPU3HAYCHHS) IHEBMATHYHA OIAIyOKa
JI03BOJISIE CTBOPIOBATHU 3aXHINCHI KOHCTPYKIIT 3 BHCOKOIO MIIHICTIO IIPU 3HIDKCHIH BapTOCTI.
[TaeBMaTH4Hi (hOopMHU 3aCTOCOBYIOTHCS UL CTBOPCHHS NIABUIBIOHIB, apT-IHCTAAIIN Ta IHIINX
00’€KTiB KyJIBTYPHOIO IpU3HAUCHHs. Taka TEXHOJIOTis I03BOJISIE peaji3yBaTH YHIKaJbHI
apXiTEeKTYpHI /1€l 3 MiHIMaJIbHUM BTPYYaHHSM y HABKOJIMIIIHE CEPEIOBUIIIC.

Puc.1 — BukopucTaHHs ITHEBMAaTHYHOT OTAITYOKH JUIst Puc.2 — Binimen. CydacHuil KOTeK, 3BeICHHIT 3

KaHai3aiiHuX Tpyo BHUKOPHUCTAHHSAM THEBMATHYHOT OmayOku

TexHonoTis NHEBMAaTHYHOI OHATYOKHM Mae IIMPOKUI CIIEKTp 3aCTOCYBaHHA B CydYaCHOMY
Gy/iBHUIITBI — BiJ APXITEKTYPHUX EKCTIEPHMEHTIB 10 CEpPHO3HUX iH(pPACTPYKTYPHHX MPOEKTiB. [i
BIIPOBAJUKCHHS CIIPUSI€ 3HIDKCHHIO BapTOCTi OyMiBHUITBA, IPHIIBHANICHHIO POLIECIB 3BEICHHS Ta
PO3BUTKY CHEProe()eKTHBHUX, CTAINX KOHCTPYKIIHL.

1.

Shpakova, H., & Prokopenko, D. (2024). TexHoJOrisi BIAIITYBaHHS TyHEJiB HErJIMOOKOro 3aKiajaHHs 3
BUKOPHCTaHHAM THEeBMaTHUHOI onanyOku. [Insxu migsumieHns edexruBHocTi OyaiBaumTaa, 1(53), 103—-110.
https://doi.org/10.32347/2707-501x.2024.53(1).103-110

van Hennik, P.C., Houtman, R. (2008). Pneumatic Formwork for Irregular Curved Thin Shells. In: Oxate, E.,
Kroplin, B. (eds) Textile Composites and Inflatable Structures II. Computational Methods in Applied Sciences,
vol 8. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-6856-0_7
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The aim of the study is to analyze existing applications of pneumatic formwork technology and to
identify its key advantages and disadvantages within the context of modern construction.

Due to the continuous search for innovative solutions in the construction sector, pneumatic
formwork technology is becoming increasingly popular. It has gained relevance in light of growing
demands for environmentally friendly and mobile construction methods, particularly in densely
populated urban environments. This technology enables the creation of complex architectural forms
while minimizing material use and construction time.

- The PFHC (Pneumatic Forming of Hardened Concrete) method has enabled the creation of
thin-shell, self-supporting concrete domes, also known as Binishells.

- In metro construction, pneumatic formwork is employed to form arched ceilings and tunnel
linings, enabling fast and efficient progress.

- For sewage pipeline projects, this technology allows for the creation of durable concrete shells
with minimal excavation work.

- In underground storage construction, both military and civilian, pneumatic formwork makes it
possible to build robust, protected structures at a lower cost.

- Pneumatic forms are also used for creating pavilions, art installations, open-air stages, and other
culturally oriented structures. This technology allows for the realization of unique architectural
ideas with minimal environmental impact.

Fig. 1 — Use of Pneumatic Formwork for Sewer Pipes Fig. 2 — Binishell. A Modern Cottage Constructed

Pneumatic formwork technology demonstrates a wide range of applications in modern
construction — from architectural experimentation to large-scale infrastructure projects. Its
implementation contributes to reducing construction costs, accelerating building processes, and
fostering the development of energy-efficient, sustainable structures.

1. Shpakova, H., & Prokopenko, D. (2024). Shallow tunnel construction technology using pneumatic
formwork. Ways to Improve Construction Efficiency, 1(53), 103-110.
https://doi.org/10.32347/2707-501x.2024.53(1).103-110
2. van Hennik, P.C., Houtman, R. (2008). Pneumatic Formwork for Irregular Curved Thin Shells. In: Onate, E.,
Kroplin, B. (eds) Textile Composites and Inflatable Structures II. Computational Methods in Applied Sciences,
vol 8. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-6856-0_7
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Merta 10ciiKEHHS —aHalli3 CTaHy 3a1i300€TOHHUX TUTUT MEPEKPUTTS MOIIKO/KEHUX TTOXKEKEHO,
110 BUHUKJIA BHACIIZIOK BUOYXy Ooempuriacy, i HaJlaHHs PEKOMEH/ALH JIsi MOXKJIMBOI MMOJAIbILIOL
eKcIulyaTarii. 3arajJbHUi BUIIAA BUIPOOYBaJIbHOI KOHCTPYKLIT  Ta METOAM BUMipIOBaHHS
HaBaHTa)XCHHs HaBeJleHi Ha puc. | Ta 2.

Puc.1 - 3aranbHuii BUIIsi1 BUIIPOOYBaIbHOT KOHCTPYKILT Puc.2 — BumipioBaHHsi HABAHTAXCHHSI I1i]] 4ac
CKCIICPUMECHTY

HaBaHTaxeHHST TPOBOMIIOCH NUISIXOM BCTAHOBICHHS OaceiiHy Ta 3alOBHEHHS HOTO BOIOIO.
Ilepen mouarkom BumpoOyBaHHs Oy/iM BU3HAYCHHI BUCOTHI BiJIMITKH B MPHOIOPHUX Ta CEPEAHIX
30HaxX IUTHTH TEpeKpuTTs. HaBaHTa)XCHHsS HPOBOJMIOCH 3 IMOCTYIIOBHM HAIlOBHCHHSM BOIOK B
Gaceitni o 150 mMm. 3 mepepBaMu Juist crabinizanii Ta Qikcauii NPOrKHIB 3a1i300€TOHHOT MaHe.
Kiac 6erony C 35/40. ApmyBanHSs [UIMTH 3BapHa citka @ 3 MM. 3 kpokom 100x100 mm.

BumnpoOyBaHHs noka3anu:

* [UTUTH, TTiJ] 9ac MOXEXi, He BTPATUIIN CBOET NPYIKHOCTI. ;
* Hail0IbIIIe TIepeMIllleHHs TUTHTH cKIano 10 M.

1. Vabischevich, M., Dedov, O., & Glitin, O. (2019). Numerical-experimental research of technological equipment
foundations in dynamic impact conditions. Technology Audit and Production Reserves, 5(1(49), 32-35.
https://doi.org/10.15587/2312-8372.20191.183264

2. benos 1., T'nitin O.b., FOpuenko B.B., Ta in. (2009). Bunpo0OyBaHHsA KOHCTPYKIIii (epMH i3 THYTHX TOHKOCTIHHUX
elIeMeHTIB BiIKpUToro npodino. 30ipHUK HAYKOBHUX Mpalb YKPaiHCHKOrO HAyKOBO-IOCIHIJHOTO Ta MPOEKTHOTO
IHCTUTYTY cTaneBux KoHcTpykuii imeni B.M. Illumanoscekoro. K.: Bua-Bo «Cranby, 2009, Bum. 3 — C. 136-145.
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Research Objective — to analyze the condition of reinforced concrete floor slabs damaged by a fire

caused by a munition explosion, and to provide recommendations for their possible further operation.
The general view of the test structure and the load measurement methods are shown in Fig. 1 and 2.

Fig. 1 — General view of the test structure Fig. 2 — Load measurement during the experiment

The load was applied by installing a pool and gradually filling it with water. Before the test began,
elevation marks were determined in the support and central zones of the floor slab. The load was
applied by gradually filling the pool with water in 150 mm increments, with pauses for stabilization
and measurement of deflections of the reinforced concrete panel.

Concrete class: C 35/40.

Slab reinforcement: welded mesh @ 3 mm. with a spacing of 100x100 mm.

Test results showed:

* The slabs did not lose their elasticity during the fire.

* The maximum slab deflection was 10 mm.

1. Vabischevich, M., Dedov, O., & Glitin, O. (2019). Numerical-experimental research of technological equipment
foundations in dynamic impact conditions. Technology Audit and Production Reserves, 5(1(49), 32-35.
https://doi.org/10.15587/2312-8372.20191.183264

2. Belov, 1.D., Glitin, O.B., Yurchenko, V.V, et al. (2009). Experimental research of steel roof truss with structural
members of cold-formed thin-walled profiles of open cross-section. Collection of Scientific Papers of the V.M.
Shimanovsky Ukrainian Research and Design Institute of Steel Construction. Kyiv: "Stal" Publishing House, Issue
3, pp. 136-145.
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Ipu pexoHcTpyKii, peBiTamizamii mifBaIbHUX NPUMIIEHb ICHYIOYNX LUBUIBHUX OyIiBeNb I
MPUMIILICHHST TIOJBIHHOTO MpPU3HAYCHHS JUIS 3aXUCTy JFOJedl HEOOXiTHO BHKOHATH KOMILICKC
00’€MHO-IITaHYBaIbHUX, KOHCTPYKTHUBHUX 1 OpraHi3alliiiHUX 3aXO0/iB, OJJHUM i3 SKUX € MiJACUIICHHS
30ipHUX 3aI300€TOHHHMX IUIMT MEPEKPUTTS MiABAILHOI YacTHMHU 00’ekTiB. TUIOBI mepekpuTTs
HiJBAJIBHUX IPUMIIICHb iCHYIOUHX IMBUIBHHX OyJiBeNlb YJAIITOBAaHI y OLIBINOCTI BHIAAKIB i3
30ipHUX 3113006 TOHHUX TUIOCKUX TUTHT 13 KPYTJIMMU Y 1HIIOT KOH(Iryparii mycToTamMu.

ABropamu Te3 Oyna po3poOiieHa METOAMKA PO3PAXYHKY 1 TPOEKTYBAHHS IiJICHICHHS
PO3paxyHKOBHX IIepepi3iB 30ipHUX 3ali300€TOHHUX KPYIIONOPOXKHHUCTUX IUIUT NMEPEKPUTTS, SIKi
HiJCHICH] OJHOYACHO JOJaTKOBHMH 3ali300€TOHHHX IIAPOM B CTUCHYTIIl 30HI Ta apMyBaHHSIM B
PO3TATHYTIH 30HI y BUIVISAAI IIMPEHTENbHOI 3aTSDKKA YM TO3/I0BXKHIM apMaTypHUX CTPHIKHIB.
3anporoHoBaHa METO/IMKa PO3PAXYHKY 1 IPOEKTYBAHHS MiICHIICHHS 301pHUX 3a11300€TOHHHUX TUTHT
HEPeKPHUTTS A03BOJISE BPAXOBYBATU HASBHE apMyBaHHS B CTUCHEHIH, PO3TATHEHIH Ta IPUOIOPHUX
30HaX; 3a0e3MeuyBaTy MIIHICTh Ha 3THH 1 3CYB Y PO3paxXyHKOBHX IIepepi3ax, BKIIOYHO 3 AISTHKOIO
MDK IUIMTOO 1 J0/IaTKOBUM IIAPOM HAJI0CTOHYBAaHHS 3 ypaxyBaHHSM HaIpyKeHO-1e(OpPMOBAHOTO
CTaHy; ONTHMI3yBaTH TEXHOJIOTi0 Ta MOCHIJOBHICTh MOHTaXy 3 MIiHIMaJbHUMH BHTpaTaMu
KOHCTPYKTUBHHX KOMIIOHEHTIB.B pesyibrari po3paxyHKiB Oyiu OTpUMaHi BEIUYMHH 3HAYCHb
Koe(ilieHTy CyMapHOro apMyBaHHS (Pb) HIDKHBOI PO3TATHYTOI 30HH CKIIAJCHOTO Hepepizy 30ipHUX
3aJ1i300€TOHHOI KPYTJIOMOPOXKHUCTOI IUIMTH TEPEKPHUTTS 3aJISKHO BiJl TOBIIMHM Ta Kiacy OETOHY
1Iapy Hai0eTyBaHHs 1 BEJIMUMHHM 1X pO3paxyHKOBOro nporony (L) s npumilieHs yKpuTTs Kiacis I-
IV (auMBuCh MpUKIIa/ BEIUYUH KOS]IlliEHTIB apMyBaHHS HIDKYE B TaOJHIII).

Tabauust — Benuunnu koedimieHTiB cymapHoro apMmysaHHs (pv) (npu fs=365 MIla) HmKHBOT
PO3TATHYTOI 30HM CKIIQJIEHOTO Tepepidy 30ipHOi 3ai300€TOHHOI KPYTJIOMOPOKHUCTOI TIIUTH
MEPEKPUTTS LIMPHUHOKO repepizy b=1 M, sika miJcuiieHa 0JHOYACHO J0JATKOBUMH IIAPOM OETOHY
mapku M400 (knac C25/30) i M700 (C45/55), roBmmnoro d=110 mm; 200 mm i 300 MM B CTHUCHEHI#
30HI Ta apMyBaHHSM B PO3TATHYTIH 30HI Y BUIVISIAI IIITPEHTIbHOT 3aTSDKKH, 3aJI€KHO BiJl BEITUUYHHU
il po3paxyHkoBoro mporony (L) mpu nepeoOiaqHaHHi MiBAJILHOIO MPUMILICHHS B MPUMIIICHHS
HOJBIHHOrO NMpH3HAYCHHS IMiA YKPUTTA IV-ro kiacy, ske HMOBHHHE CIIPHHMATH KBasicTaTHYHE
eKBiBaJICHTHE PO3paxyHKoBe HaBaHTaxeHHs =P1=133,75 klla (mpu APe=100 xIla 3rigno miroumx
HopM [1]), B mponenTax (%) Bix 3araibHOI IO CKJIAAEHOTO PO3PAXyHKOBOIO Hepepi3y ILIHTH.

Tabmmns 1

ToBmmua mapy d Tta| BennunHa po3paxyHKOBOI'O IPOroHY 3aii300eToHHo1 mTH (L), M

Mapka OeToHy 3,0 3,6 4,8 5.4 6,0 6,3 7,2
110 vt M400 0,96 1,38 3,10 3,46 3,85 4,26 5,067
M700 0,97 1,416 3,26 3,65 4,08 4,53 6,13

200 mm M700 0,535 0,782 1,42 1,83 2,30 2,57 3,53
300 mm M400 0,315 0,46 0,837 1,075 1,35 1,51 2,073
M700 0,32 0,49 0,853 1,10 1,40 1,56 2,16

1. IBH B.2.2-5:2023 3i 3minoto Nel. 3axucHi criopyu 1uBijisHOro 3axucty / Hakasu MinictepcTBa pO3BHTKY
rpomaj, TepuTopiii Ta inppactpykrypu Ykpainu Big 10.08.2023 poxy Ne702 ta 10.10.2023 poxy Ne921, unnni 3
2023-11-01. — K.: Minindpactpykrypu Ykpaiuu, 2023. — 131 c.
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National University « Yuri Kondratyuk Poltava Polytechnicy, Poltava

During the reconstruction and revitalization of basements in existing civil buildings into dual-
purpose shelters for human protection, a set of spatial, structural, and organizational measures must
be implemented. One of the key measures is the strengthening of precast reinforced concrete floor
slabs in the basement areas. Typically, basement floors in such buildings consist of precast flat
reinforced concrete hollow-core slabs with circular or other void shapes.

The authors have developed a methodology for calculating and designing the strengthening of
hollow-core precast reinforced concrete slabs, reinforced simultaneously with an additional concrete
layer in the compressed zone and reinforcement in the tension zone in the form of a strut tie or
longitudinal rebar. The proposed methodology accounts for existing reinforcement in compressed,
tension, and support zones; ensures bending and shear strength in critical sections, including the
interface between the slab and added concrete layer, considering the stress-strain state; and optimizes
construction technology and installation sequence with minimal use of strengthening components.

As a result, values of the total reinforcement ratio (pb) in the lower tension zone of the composite
cross-section of precast hollow-core slabs were obtained depending on the thickness and concrete
grade of the added layer and the calculated span (L) for shelter rooms of classes I-IV (see sample
reinforcement ratio values in the table below).

Table — Values of total reinforcement ratio (pb) (for fS=365 MPa) in the lower tension zone of a
composite cross-section of a 1-meter wide precast hollow-core reinforced concrete slab, strengthened
with a concrete layer of grade M400 (class C25/30) and M700 (C45/55), with thickness d=110 mm,
200 mm, and 300 mm in the compressed zone, and strut tie reinforcement in the tension zone,
depending on span (L) during the conversion of a basement into a class IV dual-purpose shelter
designed to resist quasi-static equivalent load g=P1=133.75 kPa (at APex=100 kPa according to
current regulations [1]), expressed as a percentage (%) of the total area of the composite slab cross-
section.

Table 1
Layer thickness (d) and The value of the calculated span of the PRC slab (L), m
concrete grade 3,0 3,6 4,8 5,4 6,0 6,3 7,2
110 vt M400 0,96 1,38 3,10 3,46 3,85 4,26 5,67
M700 0,97 1,416 3,26 3,65 4,08 4,53 6,13
200 Mmm M700 0,535 0,782 1,42 1,83 2,30 2,57 3,53
300 M400 0,315 0,46 0,837 1,075 1,35 1,51 2,073
M700 0,32 0,49 0,853 1,10 1,40 1,56 2,16

1. DBN B.2.2-5:2023 with Amendment No. 1. Civil Protection Shelters / Orders of the Ministry of Community
Development, Territories, and Infrastructure of Ukraine dated 10.08.2023 No. 702 and 10.10.2023 No. 921, in effect
from 2023-11-01. — Kyiv: Ministry of Infrastructure of Ukraine, 2023. — 131 p.

129



V Midgicnapoona naykoso —npakmuuna kongepenyis «byoieni ma cnopyou cneyianbnoeo npusHavenis.
cyuacnimamepianu ma xonempyxyiiy (14-16 mpasnsn 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

3ale3neyeHHs eJ1eKTPOKUBJICHHS 00’ €KTIB ClelialbHOTO NMPU3HAYEHHS

Hamanis Bypoeina, 0okmop mexHiuHUX HAYK, OoyeHm, npogecop Kageopu ¢izuxu,
https://orcid.org/0000-0002-2812-1387;

Apocnag Ilionicnuit, acnipanm xagheopu mexHonozill 3axXucmy HA8KOIUUHbO20 Cepedosunld
ma oxoponu npayi, https.//orcid.org/0009-0008-4906-3164;

JImumpo Ocaouuii, acnipanm xagedpu mexnonoeiil 3axucmy Ha8KOIUUHbO2O CepedosUwd Md
oxoponu npayi, https://orcid.org/0009-0002-9977-8738

Kuiscorutl Hayionanenuil yrieepcumem o6yoisnuymesa i apximexmypu (m. Kuis)

SIKicTh eneKTpoeHeprii 3a CHHYCOIJalbHICTIO Ta aMIUTITYyJJaMH TapMOHIK Ta IHTEPrapMOHIK €
KPUTHYHOIO 3 TOUKH 30Dy CTaOiIBHOCTI POOOTH EIEKTPOHHOIO OOJAJHAHHS Ta BIUIUBY Ha JIIOACH
[1,2]. ITpu upoMy MpUAYIICHHS TapMOHIK Ta IHTEPrapMOHIK €JIEKTPUYHOTO CTPYMY IPOMHCIOBOL
YaCTOTU € CKJIAMHOI0 TeXHiyHOW 3amauero [3]. OcoOmuBO akTyadbHUM Ie € Juisi 00 €KTIiB
CIIeLiaJIbHOrO IPU3HAYCHHS, TAKUX SIK CXOBHIIA [IUBIIBHOIO 3aXUCTY, IIUTH KEPyBaHHS 00’ €KTaMU
KpUTHYHOI 1H(ppacTpykTypu Tomo. Ha Takux o00’ekTax 3Ha4YHA 4YaCTHHA EJICKTPHYHOIO Ta
CJICKTPOHHOTO OOJagHAHHSA Mae HENiHIMHI BOJbT-aMIICPHI XapaKTepuCTHKU. lle aBTOMaTH4HO
NPU3BOUTH /10 MOSIBU Y CHJIOBIH MEPEeKi rapMOHIK €JIEeKTPUYHOIO CTPYMy HPOMHCIOBOI 4aCTOTH
KpaTHUX TpboM. KpiM TOro MoxJIMBi BUHUKHEHHs KAHOHIUYHMX 1 HEKAHOHIYHUX iHTeprapmMoHik. [Tpu
LIbOMY BHHHKA€ JBl pobsieMu — 3001 y poOOTi €JIeKTPOHHOT0 00J1aJHaHHS 1 HEraTHBHUI BILIMB Ha
JozIei.

3a BHECKY HENIHIHHMX CIOKUBAYiB Yy 3arajlbHe eHeproHaBaHTaxeHHs Oiibiie 20 %, aMmmiTym
BHUIIUX TAPMOHIK IIPOMHUCIOBOI YaCTOTH MOXKYTh HEPEBUIYBATH aMILTITYJy OCHOBHOI FapMOHIKH.
Lle He BianoBinae iCHYIOUMM HAIIOHAILHUM Ta MDKHApOAHUM HOpMaTHBaM. Taka cuTyauis
HAKOLIBII XapaKTepHa ITi/l Yac 3aCTOCYBaHHSI PE3EPBHUX [DKEPEIT eIeKTPOKUBIICHHS KpiM 3HIKEHHS
4acTOTU Ma€ MicIe CIIOTBOPEHHS CHHYCOiZAJIbHOCTI HAampyru i cwid ctpymy. Lle aBTroMaTH4HO
NPU3BOAUTH O 3MiHM TAPMOHIYHOTO CKJaay CTPyMy JKHBJICHHS HemependaueHuM 4uHOM. Tomy
HepeyMOBOIO 3aCTOCYBaHHS 3aXOJiB HOpMaii3amii eIeKTPOKHUBICHHS € BU3HAUCHHS IapaMeTpiB
pobOTH pe3epBHUX I'EHEPAaTOPiB SIK 32 MAKCHMAIBHOI MOTY)KHICTIO, Tak i 32 CHHYCOINalIbHOCTI
reHepaii.

MiHIMalbHOIO BHUMOTOIO [UIsi HOpMaii3alii eNeKTPOXKMBJIEHHS € TII0OBHA pEBI3is cHCTeMH
KOMIIEHCAIlil peakTHBHOI TOTyXHOCTI. Takoxk Tpeba dYITKO 3a0e3MeYnuTH BIAXHICHHS MO
€JIEKTPOHABAHTAXKEHHIO Ha OKpeMi (a3u TpudaszHoi Mepexi 3 BiaxuineHHsMu He Oinbiie 10 %. s
MPUAYIICHHST TapMOHIK Ta IHTEPrapMOHIK MPOMHCIOBOI YaCTOTH PO3POOJICHO AOCTATHBO MPOCTY
KOHCTPYKIIIO 31 3BOPOTHUMH 3B’s3kaMH. KoMmakTHmi TpaHC(pOpMaTop aBTOMAaTHYHO pearye Ha
0SBy HeOa)KaHUX HAIpyT (3a 4aCTOTOIO 1 aMILIITY 1010). Uepes 3BOpOTHHMIA 3B’5130K OJIOK yIpaBIIiHHS
ABTOMATUYHO Ja€ KOMaHIy KOMIICHCYBAaTH TaKi Hampyru. Y pealbHHX yMOBax ILi¢ 3a0e3redye
aMIUTITY/IM BUIMX FAPMOHIK MPOMMCIIOBOT YacTOTH Ha piBHI 3—4 %. J{yns cTaHIapTHUX JAU3EIbHUX
TeHepaTopiB 3 BEJUKMMH KOJMBAHHAMHM HABAaHTAKEHHS 1€ MOJYKHA BBAXKATH 3aJ0BUIBHUM.
J101aTKOBHM 3aX0JI0M TTOKPALIEHHS eJIEKTPOMArHiTHOI 00CTaHOBKHM 3 TOUKH 30pYy 3HMKEHHsI PIBHIB
MAarHiTHUX TIOJIB € JIIKBI/Iallisl YCiX eIeKTPOCTPYMIB BUTOKY SIK Ha HYJILOBHH pOOOUYMI MPOBIIHUK
Tpu}a3HOI CHCTEMH eJIEKTPOXKUBIICHHS, TaK 1 Ha MPUPOJIHI 3a3eMIIIOBaYI.

1. Sotnyk I, Kurbatova T, Romaniuk Y, Prokopenko O, Gonchar V, Sayenko Y, Prause G, Sapinski A. Determining
the Optimal Directions of Investment in Regional Renewable Energy Development. Energies. 2022; 15(10):3646.
https://doi.org/10.3390/en15103646

2. Vergallo C., Dini L. Comparative Analysis of Biological Effects Induced on Different Cell Types by Magnetic
Fields with Magnetic Flux Densities in the Range of 1-60 mT and Frequencies up to 50 Hz. Sustainability, 2018,
10, 2776. https://doi.org/10.3390/su10082776.

3. Getman, A. Cylindrical harmonic analysis of the magnetic field in the aperture of the superconducting winding of
an electromagnet. Eastern-European Journal of Enterprise Technologies. 2018. 1(5 (91). P. 4-9. https://doi.org/
10.15587/1729-4061.2018.123607.
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The quality of electricity in terms of sinusoidality and amplitudes of harmonics and interharmonics
is critical in terms of the stability of electronic equipment and human exposure [1, 2]. At the same
time, the suppression of harmonics and interharmonics of electric current of industrial frequency is a
complex technical task [3]. This is especially true for special-purpose facilities, such as civil
protection shelters, critical infrastructure control panels, etc. In such facilities, a significant part of
electrical and electronic equipment has non-linear volt-ampere characteristics. This automatically
leads to the appearance of industrial frequency harmonics in the power grid. In addition, canonical
and non-canonical interharmonics may occur. This causes two problems: malfunctions of electronic
equipment and negative impact on people. If the contribution of nonlinear consumers to the total
power load is more than 20 %, the amplitudes of higher harmonics of industrial frequency can exceed
the amplitude of the fundamental harmonic. This does not comply with existing national and
international standards.

This situation is most common when using a backup power supply In addition to the frequency
reduction, the voltage and current sine wave distortion occurs. This automatically leads to changes in
the harmonic composition of the supply current in an unforeseen way. Therefore, a prerequisite for
applying power supply normalisation measures is to determine the parameters of the standby
generators' operation, both in terms of maximum power and sinusoidal generation. The minimum
requirement for power supply normalisation is a complete audit of the reactive power compensation
system. It is also necessary to ensure that the deviations in the power load on individual phases of the
three-phase network do not exceed 10 %. To suppress harmonics and interharmonics of industrial
frequency, a simple design with feedback has been developed. The compact transformer
automatically reacts to the appearance of undesirable voltages (in terms of frequency and amplitude).

The control unit automatically gives a command to compensate for such voltages via feedback.
Under real-world conditions, this ensures that the amplitudes of the higher harmonics of the industrial
frequency are reduced by 3—4 %. For standard diesel generators with large load fluctuations, this can
be considered satisfactory. An additional measure to improve the electromagnetic environment in
terms of reducing magnetic field levels is to eliminate all leakage currents both to the neutral
conductor of the three-phase power supply system and to natural earth conductors.

1. Sotnyk I, Kurbatova T, Romaniuk Y, Prokopenko O, Gonchar V, Sayenko Y, Prause G, Sapinski A. Determining
the Optimal Directions of Investment in Regional Renewable Energy Development. Energies. 2022; 15(10):3646.
https://doi.org/10.3390/en15103646

2. Vergallo C., Dini L. Comparative Analysis of Biological Effects Induced on Different Cell Types by Magnetic
Fields with Magnetic Flux Densities in the Range of 1-60 mT and Frequencies up to 50 Hz. Sustainability, 2018,
10, 2776. https://doi.org/10.3390/su10082776.

3. Getman, A. Cylindrical harmonic analysis of the magnetic field in the aperture of the superconducting winding of
an electromagnet. Eastern-European Journal of Enterprise Technologies. 2018. 1(5 (91). P. 4-9. https://doi.org/
10.15587/1729-4061.2018.123607.
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OpiHi€I0 3 OCHOBHUX BUMOT TEXHIYHOI'O periaMeHTy Oy/iBelIbHUX BUPOOIB, Oy/IiBelb 1 CIIOPY[ €
3a0e3MnedyeHHs] BOTHECTIHKOCTI Oy/iBelbHUX KOHCTPYKLii. OliHKa BOrHecTiiikocTi Oy/e 3anexaru
BiJl CLIEHAPil0 Ta TEMIIEPATypHOIO PEKUMY pPO3BUTKY Ioxexi. [litoui B YkpaiHi HOpMaTHBHI
JOKYMEHTH HPHIIMalOTh y PO3paxyHKaX BOTHECTIMKOCTI OyIiBeNbHHX KOHCTPYKILIH CTaHIapTHY
KpPHUBY TeMIlepaTypa-yac, oOIPYHTOBAHICTb 3aCTOCYBAHHS SIKOI CTaBUTBbCS MiJl CyMHIB OaraTbma
aBTOPaMH KOJIU CTOCY€EThCS PO3BUTKY HOXKEXK B IPOMHUCIOBHX OyIiBILAX.

Jlana poboTa cripsiMoBaHa Ha JIOCIIPKEHHS TEMIIEPATYPHUX PEKUMIB MOXKEXK Y BEITMKOIPOTITHIUX
poOMHCIOBUX Oy[iBIsIX Ta BOrHECTIMKOCTI OyZiBeNbHMX KOHCTPYKLIH Iij BIINOBIIHUM
TEMIIEPATYPHUM HaBAHTAXKEHHSIM.

Mitounit B Ykpaini EC1 uwactuna 1-2 mepenbadae BHUKOPHCTAaHHS MOJENICH JIOKalIi30BaHUX
MOJIeIICH TIOXKEXK SIKI po3po0iieHi Ha ocHOBI MeToaa Anbriepra (Alpert’s method) abo merona 'acemi
(Hasemi’s method). TernsoBi BIJIMBU JIOKaTi30BaHOT MOXEXI BPaXOBYIOTh, SIKIIO MOsBA CHAlaxy
MaJIOWMOBIpHa.

[IpoBeneni oOCcTeXEHHST IPOMUCIOBUX OyiBenb puc.l Ta 2, aHai3 MOMIKOKEHb Oy IIBETBHUX
KOHCTPYKIIIl IOKa3aly W0 PEXUMU PO3BUTKY IOXKEXK CYTTEBO BIAPI3HAIOTBCS BiX PEKHMY 3a
CTaHJAPTHOIO KPUBOIO TEMIIEPATypa-4ac, a METOIUKY BUKIAeH] B [1] ToTpeOyr0Th T0OMpatoBaHHSL.

PO A 23
i

TN

Puc.2 — PylinyBaHHS Ta NOIIKO/PKEHHS TUIUT HOKPUTTS
BHACIIJOK  JUHAMIYHOTO  yAapy 3  HACTyIHHUM
PO3BUTKOM HOKEKI

Puc.1 — OOpy1IeHHs: KOHCTPYKLIT CBITIOBOTO JIiXTapst

OpHUM 3 BU3HAYaJIbHUX (PAKTOPIB HA PO3BUTOK ITOYKEK B IPOMHUCIOBUX OYiBIISIX € pO3TAILlyBaHHS
MOKEKHOTO HABAHTAXXCHHS. BaXIMBUMH MapaMeTpaMH € IUIOIIA Ta BHCOTA IIOXKEKHOIO
HaBaHTaKCHHs sIKi OyIyTh BIUIMBATH Ha PO3BUTOK mokexi Ta kpuBy HRR. B Mozxensix HeoOXigHo
BpaxoBYBaTH BIUIMB CIIPHHKJICPIB Ha PO3BUTOK MOXKEXi. Bce 1e cBIMYUTH npo HEoOXiaHICTH
PO3pOOKH MOJIEIEit PO3BUTKY MOMKEK Y BETUKOMPOIITHUX OYIIBIISX IO 1ACTh 3MOTY O1TbIII KOPEKTHO
OIIIHIOBAaTH BOTHECTIHKICTh OY/1iBENbHIX KOHCTPYKIIIH.

1. ICTY-H B EN 1991-1-2:2010 €Bpokox 1. [lii Ha konctpykuii. Yacruna 1-2. 3aranshi aii. J[ii Ha KoHCTPYKLUiT 1111
4ac MOMKEXI.
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One of the main requirements of the technical regulations for building products, buildings and
structures is to ensure the fire resistance of building structures. The assessment of fire resistance will
depend on the scenario and temperature conditions of fire development. Regulatory documents in
force in Ukraine accept the standard temperature-time curve in calculations of fire resistance of
building structures, the validity of which is questioned by many authors when it comes to the
development of fires in industrial buildings.

This work is aimed at studying the temperature regimes of fires in large-span industrial buildings
and the fire resistance of building structures under the corresponding temperature load.

The current EC1 part 1-2 in Ukraine provides for the use of localized fire models developed on
the basis of the Alpert's method or Hasemi's method. The thermal effects of a localized fire are taken
into account if the occurrence of an outbreak is unlikely.

The surveys of industrial buildings in Figures 1 and 2, and the analysis of damage to building
structures showed that the modes of fire development differ significantly from the mode according to
the standard temperature-time curve, and the methods described in [1] need to be improved.

RN 7

Fig. 2 - Destruction and damage of the roof slabs due to
dynamic impact with subsequent fire development

Fig. 1 - Collapse of the sk)./light stucture

One of the determining factors on the development of fires in industrial buildings is the location
of the fire load. Important parameters are the area and height of the fire load, which will affect the
fire development and the HRR curve. The models should take into account the impact of sprinklers
on fire development. All of this indicates the need to develop models of fire development in large
span buildings, which will allow for a more correct assessment of the fire resistance of building
structures.

1. DSTU-N B EN 1991-1-2: 2010 Eurocode 1: Effects on structures. Part 1-2. General actions. Actions on structures
during a fire.
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Po3TanryBaHHS CXOBHII [IUBUIBHOTO 3aXUCTy — CTAlliOHAPHUX 1 IIPUCTOCOBAHUX, IiJl 3eMJICIO, Y
TOMY YHCII i y MiIBaIbHUX HPHMIIICHHAX CTBOPIOE POOIEMHU Oe3edHOCTI epeOyBaHHs TI0ACH B
HuX. Lle AKiCTb NOBITpPsl, HASIBHICTB IUTICHABUX I'PUOIB, pasoHy Towo [1, 2]. 3HauHM BIUIMB Ha M0aei
MOJKe CKJIaaTH iH(ppa3ByK, TCHCPOBAHNH CHCTEMAaMH JKUTTe3a0e3MeueHHs. YUCICHH] TOCITIIKEHHS
MI0Ka3aJIM HasBHICTH y MiJBAJIBHUX NPUMIIICHHIX HaJHOPMATHBHUX KOHLEHTpaLiil panony [3, 4].
Jlns  HOpMmamizarii sSIKOCTI TIOBITPSL MPOMOHYETHCS 3aCTOCYBAHHS  CBITJIIOMIOJHUX CHCTEM
yIbTpadhioNeToBOro BUMPOMiHIOBAHHS. IX mepeBaramu e aebakTepu3allist moBiTps (1o GakTepism 10
6 pasis, o rpubam 10 20 paziB). CuCTeMH MPUMYCOBOI BEHTWJIALIIi BUTOTOBJICHI 3 OLIMHKOBAHOTO
3aiiza. Y HuUX BinOyBaeTbcsi neioHizauist mositpst (mo 100 — 150 cM™ Ha OJIMH MOTOHHUI MeTp
MOBITPONPOBO/A). YIbTpadioneToBl CHCTEMH I10HI3YIOTh MHOBITPS Bigpasy IO ychoMy 00’emy
MPUMIILEHHS, 10 J03BOJISIE ONIEPATUBHO MIJABUILKUTH SKiCTb 1OBITps. biioku i3 10 ynprpadioneroBux
CBITJIONIOAIB MAIOTh MOTYKHICTb 5 BT, 1110 3a0e3neuye Benukuii piBeHb eHepros3aomakents. Taki
CHCTEMH O3JIOPOBJICHHS CEpEJOBHUINA JOLUILHO KOMOIHYBAaTH 3 CBITJIOHIOJAHUMHU CHCTEMaMH
ocBiTieHHs. lle Hamae 3MOXy 3acTOCOBYBAaTH pE3epBHI JUKEpena eJNeKTPOKUBICHHS Maiol
MOTY)KHOCTI. 3a3BM4ail CXOBHILA IMBIUIBHOTO 3aXUCTY 00JIaJHYIOThCSI TOKAMH JIOCTYITy MOOLTBHOTO
3B’s13Ky. JIIsl YHUKHEHHS MiJBHINCHHS EJNEKTPOMAarHiTHOro (OoHy BHACHIIZOK poOOTH 3acobiB
6e31pOTOBOrO 3B’S3KY, BIIOUTTS Ta MEPEBIIOUTTS €ICKTPOMATHITHUX XBUJIb IPONOHYIOTHCS PiIKi
CyMilIi Ayl TIOTJIMHAHHS IeKTPOMArHiTHOI eHeprii Ha piBHi 10 20 b 3 xoedimieHTaMu BigOUTTS
CJICKTPOMArHITHUX XBUJIb IOPsi/Ka Bix -8 10 -10 1b. BaxkIMBOIO BIaCTHBICTIO PO3pOOIICHHX CyMilleit
€ BIJICyTHICTb €JICKTPH3aLlil IOBEPXOHb 32 PAXyHOK TPUOOCIEKTPUIHOTO CHEeKTy.

Ile nmo3BOJsE 3HU3WTH JCIOHI3AIIO TMOBITPS 3a PAaXyHOK OCIJaHHS IOHIB Ha EJIEKTPU30BaHI
noBepxHi. JlogaTkoBUM 3acO00M 037I0pPOBIICHHS CEPEIOBUIIA MTepeOyBaHHs JIIO/ICH € 3aCTOCYBaHHS
peuupKyIaTOpiB MOBITpsi. EKcriepuMeHTaNnbHI JOCTIKEHHS MMOKa3aid, M0 Y IMPOLEeci PEMOHTY
MiABaTbHUX MPUMILICHb 11 BUKOPUCTAHHS Y SKOCTI CXOBHII [UBIIFHOTO 3aXUCTy 3aCTOCYBaHHS
BHCOKOSIKICHUX TMOJIIMEPHHUX Ta OCTOHHMUX MOKPUTTIB MiIOTH JO3BOJIMIN 3HU3UTH KOHIICHTpAIlii
panoHy IpHHANMHI yABidi.

1. Bolibrukh, B., Glyva, V., Kasatkina, N., Levchenko, L., Tykhenko, O., Panova, O., Bogatov, O., Petrunok, T.,
Aznaurian, 1., & Zozulya, S. (2022). Monitoring and management ion concentrations in the air of industrial and
public  premises. Eastern-European  Journal of Enterprise = Technologies, 1(10(115), 24-30.
https://doi.org/10.15587/1729-4061.2022.253110.

2. Nazarenko V.I., Cherednichenko I.M., Leonov Yu.I., Pochta V.N., Shevchenko A.V., Burdeina N.B., Yarygin A.V.
The hygienic principles of using bactericidal ultraviolet monochrome led irradiators of the open type for premises
air disinfecting. Ukrainian Journal of Occupational Health. 2022. Vol. 18, Ne 3. P. 216-223.
https://doi.org/10.33573/ujoh2022.03 216-223.

3. Chaitidis G.D., Marhavilas P.K., Kanakaris V. Potential Effects on Human Safety and Health from Infrasound and
Audible Frequencies Generated by Vibrations of Diesel Engines Using Biofuel Blends at the Workplaces of
Sustainable Engineering Systems. Sustainability. 2022, 14. P. 7554. https://doi.org/10.3390/sul4137554

4. Portaro M, Rocchetti I, Tuccimei P, Galli G, Soligo M, Ciotoli G, Longoni C, Vasquez D, Sola F. Indoor Radon
Surveying and Mitigation in the Case-Study of Celleno Town (Central Italy) Located in a Medium Geogenic
Radon Potential Area. Atmosphere. 2024; 15(4):425. https://doi.org/10.3390/atmos 15040425
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The location of civil protection shelters — stationary and adapted — underground, including in
basements, creates problems of safety for people in them. These include air quality, the presence of
moulds, radon, etc. [1, 2]. Infrasound generated by life support systems can have a significant impact
on people. Numerous studies have shown the presence of excessive radon concentrations in
basements [3, 4]. To normalise air quality, it is proposed to use LED ultraviolet radiation systems.
Their advantages are air de-bacterisation (up to 6 times for bacteria, up to 20 times for fungi). Forced
ventilation systems are made of galvanised iron. They de-ionise the air (up to 100~150 cm™ per linear
metre of duct). Ultraviolet systems ionise the air throughout the entire volume of the room, which
allows you to quickly improve air quality. Blocks of 10 ultraviolet LEDs have a power of 5 W, which
provides a high level of energy savings. It is advisable to combine such environmental health systems
with LED lighting systems. This makes it possible to use low-power backup power supplies.
Typically, civil protection shelters are equipped with mobile access points. In order to avoid an
increase in the electromagnetic background due to the operation of wireless communications,
reflection and re-reflection of electromagnetic waves, liquid mixtures are offered to absorb
electromagnetic energy at a level of up to 20 dB with electromagnetic wave reflection coefficients of
the order of -8 to -10 dB.

An important property of the developed mixtures is the absence of electrification of surfaces due
to the triboelectric effect. This reduces air deionisation due to ion deposition on electrified surfaces.
An additional means of improving the human environment is the use of air recirculators. Experimental
studies have shown that in the process of repairing basements for use as civil protection shelters, the
use of high-quality polymer and concrete floor coverings has reduced radon concentrations by at least
half.

1. Bolibrukh, B., Glyva, V., Kasatkina, N., Levchenko, L., Tykhenko, O., Panova, O., Bogatov, O., Petrunok, T.,
Aznaurian, 1., & Zozulya, S. (2022). Monitoring and management ion concentrations in the air of industrial and public
premises. Eastern-European Journal of Enterprise Technologies, 1(10(115), 24-30. https://doi.org/10.15587/1729-
4061.2022.253110.

2. Nazarenko V.I., Cherednichenko I.M., Leonov Yu.l., Pochta V.N., Shevchenko A.V., Burdeina N.B., Yarygin A.V.
The hygienic principles of using bactericidal ultraviolet monochrome led irradiators of the open type for premises air
disinfecting. ~ Ukrainian  Journal of Occupational Health. 2022. Vol. 18, Ne 3. P. 216-223.
https://doi.org/10.33573/ujoh2022.03 216-223.

3. Chaitidis G.D., Marhavilas P.K., Kanakaris V. Potential Effects on Human Safety and Health from Infrasound and
Audible Frequencies Generated by Vibrations of Diesel Engines Using Biofuel Blends at the Workplaces of Sustainable
Engineering Systems. Sustainability. 2022, 14. P. 7554. https://doi.org/10.3390/su14137554

4. Portaro M, Rocchetti I, Tuccimei P, Galli G, Soligo M, Ciotoli G, Longoni C, Vasquez D, Sola F. Indoor Radon
Surveying and Mitigation in the Case-Study of Celleno Town (Central Italy) Located in a Medium Geogenic Radon
Potential Area. Atmosphere. 2024; 15(4):425. https://doi.org/10.3390/atmos 15040425
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Merta JgociikeHHs - OLHKAa HANPYKEHO-Ie(OPMOBAHOrO CTaHy (IAHIIEBHX BY3IiB (epM i3
MOIEpEeHIM HANpPYXCHHAM 3a JOIIOMOTOI0 UHCIOBOTO MOJCIIOBAHHA METOJOM CKiHUCHHUX
enemenTtiB (MCE).

®DraHIeBi By3/IM € KIIFOYOBUMH eJIeMEHTaMHu (DepMOBUX KOHCTPYKIIiH, /Ie KOHIIEHTPYIOThCS 3HAUH1
HABaHTAXCHHS. 3aCTOCYBAHHS MONCPEAHBOIO HAIMPYKCHHS y OOJNTOBHX 3°€IHAHHSX JO3BOJIIE
ITiIBUIUTH >KOPCTKICTh, 3MCHIINTH JiehopMaii Ta 3aro0ir T JOKJIBHIM BTPaTaM CTiIHKOCTI.

VY nocmipkeHHI PO3NISHYTO NMOBEIIHKY (DIAHIEBHX BY3IIiB CTaleBHX (epM i3 BHCOKOMIITHUMH
Oontamu, SIKI MOHTYIOThCS 3 momepenHiM HarsiroM. OcoOiMBY yBary NPUAIICHO IOCIIKEHHIO
MPOCTOPOBOT  CTIHKOCTI BY3/iB B YMOBaX CKJIAJHOTO HAMpYXEHO-Ie(pOpPMOBAHOTO CTaHYy.
3arpornoHoBaHO MiJIXiJl O MEPeBIpKH CTIHKOCTI i3 3aCTOCYBaHHSM YHCIOBOIO MOJICTIOBAHHS 3
peasicTUYHOI0 T'eOMETpI€l0 Ta MarepiajlbHUMHU BJIACTHUBOCTSIMH. Bu3HaueHHS HEepiBHOMIPHOCTI
PO3IONUICHHS 3yCHJIb B 3BApPHHX IIBaX HPHEJHAHHA (MIAHIEBOTO 3’€[HAHHSA N0 TpyOYacTHX
CIIEMEHTIB Ta PO3pOOJICHY METOMKY BU3HAYCHHS 3yCUIIb Y 3BApHUX IIBAX IIPUBEACHO B poOoTi [1].

BuxopucToByr0o4M MeTo[ CKiHYEHHHMX €JIEMEHTIB, MOOYJOBaHO HPOCTOPOBY MOIENb By3la 3
ypaxyBaHHSIM TeoMeTpii Bpi3HOro ¢uaHis, (GopMH 3BapHHX MIBIB Ta OOITOBOTO KpIIUICHHS
JOCITIJUKEHHS 110Ka3aJio, 110 MaKCHMMallbHI 3HAYEHHS €KBIBAJEGHTHHX HampyxkeHb (3a Mizecom)
BUHUKAIOTH Y 30HAX:

— 0111 KOHTaKTHOTO KiJIBIS BPi3HOTO (hraHIs;

— y nmepexizHiit 30Hi TpyOa-1I10B-(IaHel;

— Y KOpEHi 3BapHOTO IIIBa;

— HaBKOJIO OTBOPIB MiJ] OOJITH.

Posmozin HanpyXeHb Ma€ JIOKAJIbHUH XapakTep, MPUYOMY IPH CTHCKAIOYOMY 3yCHJUI By3ia
CIIOCTEPIraeThCs HECHMETPHYHE IEPCHCCEHHsS 3yCHIb 4Yepe3 Tino (uIaHIs Ta IIOB, MO (opMye
HaIpyKeHi IVIIMH 3 KOHICHTPAII€l0 TPAaHMYHO JOITyCTIMOTO 3Ha4eHH ULt craii. OcobnuBoi yBaru
3aC/IyrOBYIOTh €KBIBAJICHTHI HANpyXKEHHs B LIBaX, sIKi HAONMKAIOTHCS IO MEXKI TEKy4OCTi MpHU
HaBaHTaKCHHI 3 €KCICHTPUCUTETOM a00 HEITOBHOMY IIPOBapi.

PesynbraTu aHanizy cBiguars, 1110 caMe KOH(Irypaiis Bpi3HOTo (uiaHIst, IMOWHA BPi3KH Ta SKICTh
3BapHOTO 3’ €IHAHHS KPUTUYHO BIUIMBAIOTh HA 3araJIbHUI PO3IO/LT HanpyxkeHb. Ha 0CHOBI YHCIOBUX
MoJeNIeH peKOMEHIOBAHO:

— 3a0e3leUnTH ONTHMAajlbHy IMUOMHY Bpi3HOro ¢manig (He Menme 0,6 miamerpa TpyOu);

— KOHTPOJTFOBaTH CUMETPIIO I11Ba Ta YHUKATH MiPi3iB y KOPEHi 3BaAPHOTO I11Ba;

— BUKOPHCTOBYBATH CYIUIbHI LIBH TIO MIEPUMETPY, 10 PIBHOMIPHO MEepeJaroTh HABAHTAXKCHHS Y

TiJI0 (raHIs.

YncioBe MOIENIOBAaHHS (MIAHIEBHX BY3JIB i3 HONEpPEAHIM HAIPYKEHHSIM [03BOJISE ACTAIBHO
JOCIINTU HAIPYKEHO-1e()OpPMOBaHU CTaH KPUTHYHUX 30H 3'€[HAHb 1 BUSBUTHU NOTEHIIHHI c1a0Ki
Micns

1. C. Binuk, A. binuk, €. Ironun, B. HyxHuit, T. KimomHnyeHKo YI0CKOHATICHHS METOIMKH PO3PAaXyHKY 3BapHHUX
HBIB (pJIAaHIIEBUX By3JIOBHX 3’€JHAHb i3 BPi3aHUMHU peOpaMu jKOPCTKOCTI MPOCTOPOBUX CTANICBUX (epM 3 Tpyo/
36ipHuK HayKOBUX Hpalb. ByniBenbui koHcTpykuii. Teopis i npakruka. Bumyck 7. — K: KHYBA, 2020. — ¢. 57-65.
DOI:10.32347/2522-4182.7.2020.
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The aim of the study is to assess the stress-strain state of flanged joints of pre-stressed trusses
using numerical simulation with the finite element method (FEM).

Flanged joints are key elements in truss structures where significant loads concentrate. The
application of pre-stress in bolted connections helps to increase stiffness, reduce deformations, and
prevent local loss of stability.

The study examines the behavior of flanged joints in steel trusses with high-strength bolts, which
are installed with pre-tensioning. Particular attention is given to the investigation of spatial stability
of the joints under conditions of complex stress-strain states. A method for checking stability using
numerical modeling with realistic geometry and material properties is proposed. The distribution of
forces in welded joints of flanged connections to tubular elements and the developed methodology
for determining forces in welded joints are presented in [1].

Using the finite element method, a spatial model of the joint was created, taking into account the
geometry of the inserted flange, the shape of the welds, and the bolted connection. The study showed
that the maximum values of equivalent stresses (according to von Mises) occur in the following zones:

— near the contact ring of the inserted flange;

— in the transition zone of the pipe-weld-flange;

— at the root of the weld;

— around the bolt holes.

The stress distribution has a local character; under compressive force in the joint, an asymmetrical
transfer of forces is observed through the flange body and the weld, forming stress zones with
concentrations reaching the allowable limits for steel. Particular attention should be paid to the
equivalent stresses in the welds, which approach the yield strength under eccentric loading or in the
case of incomplete penetration.

The analysis results indicate that the configuration of the inserted flange, the depth of the insertion,
and the quality of the welded connection critically affect the overall stress distribution. Based on the
numerical models, the following recommendations are made:

— ensure an optimal depth of the inserted flange (at least 0.6 times the diameter of the pipe);

— control the symmetry of the weld and avoid undercuts at the root of the weld;

— use continuous welds around the perimeter that evenly transfer loads to the flange body.

Numerical modeling of prestressed flange joints enables a detailed investigation of the stress-strain
state in critical connection zones and the identification of potential weak points.

1. S.Bylyk, A. Bylyk, Y. Tsyupyn, V. Nuzhnyi, T. Klyushnychenko. Improvement of the Methodology for Calculating
Welded Joints of Flanged Joints with Inserted Stiffener Ribs of Spatial Steel Trusses with Tubes / Collection of
Scientific Works. Building Structures. Theory and Practice. Issue 7. — Kyiv: KNUCA, 2020. — pp. 57-65. DOIL:
10.32347/2522-4182.7.2020.
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ChopmMynibOBaHO MeTy JOCIHIDKEHHS — aHali3 METOJMKH BHIIPOOYBAaHHS JBOLIAPHIPHHX
3aJ11300€TOHHUX paM i3 MOXJIMBICTIO IITYYHOTO PEryIIOBaHHS 3ycuib. He3Bakaroun Ha IMIMPOKE
BIPOBQ/UKEHHSI PAMHHUX KOHCTPYKIIH y cydacHiil Oy/iBeNbHIH NPaKTHI, EKCHePUMEHTAaNbHI
JIOCITI/KEHHS IXHBOT pOOOTH, OCOOJIMBO Y Pa3i PerylbOBaHHUX 3YCHJIb, 3AUIIAIOTHCS OOMEKESHUMH.

Puc.1 — KoHCTpyKTHBHA cXeMa JIOCIITHIX paM Puc.2 i CXCMfi BHMPOOYBANILA PaMt Ta POSTAUIYBAMI
npunanis (I — inaukaropu, IT — nporunomipu)

Jnst BuBueHHs moBeAiHKH [1-momiOHMX 3aii300€TOHHUX paM i3 PEryNiOBaHHIM 3yCHIb OYIIO
BUT'OTOBJICHO 3Pa3KU 3 TAKHMMH €OMETPUYHUMH XapaKTepucTHKaMu: mpoiiT — 2000 MM, BucoTa —
1100 mwm, mepepi3 purenst — 160x100 mm, cridiku — 180%100 mm. CTiliku apMOBaHO POCTOPOBUM
KapKacoM i3 40THpMa CHMETPHUYHO po3mimieHuMu cTprkHsMu D14A400C. ApMmyBaHHS pHress
BHKOHAHO IPOCTOPOBUM KapKacoM: HWXKHS apmarypa — 2014A400C, sepxus — O18A500C
(3aBeneHa y criiiky Ha 450 mm). [lonepeyna apmarypa — 3aMKHEHI 3BapeHi XOMYTOBI €JIEMEHTH 3
©6Bp-1 3 kpoxoMm 60 MM y pureni ta 70/50 MM y crifikax mo6im3y omop. Ha Topusx criiiok
BCTAHOBJICHO 3aKJaJHI €JIEMEHTH 3 IUIACTHH TOBIIUHOIO 5 MM. 3aTsDKKa BHKOHAHA 31 CTPIDKHS
O18A500C i3 pi3bbO0 Ha OJHOMY KIHII, HANpPYKEHHS CTBOPIOBAJIOCH 3a JIOINOMOIO0
JMHAMOMETPUYHOTO KITFOYa.

BcTaHoBneHo, 110 Hecyda 3JaTHICTH paM 31 LITYYHUM PEryIIOBaHHSAM 3YCHIIb IEPEBHIILYE
BIZINOBIZHUIA MOKa3HUK paM Oe3 peryiaroBaHHs Ha 5,3% IpH OIHOPa30BOMY HAaBAHTAXKEHHI Ta Ha
20,3% — npu noBropHux. Ilicis migBUIeHHs HaBaHTaXeHHs cradimizauis gedopmauiit 6eTony i
apMaTypH, IPOTHHIB PUTEIIB 1 TPIMMHOYTBOPEHHS BiI0OYBAE€THCS IPOTATOM I’ SITH HACTYITHUX IIUKIIB
HaBaHTAKCHHS-PO3BAHTAKCHHS.

PesynbraTit 1oCTiKEHHSI BIAMOBIJAIOTH TAHUM 1010 Ae(hOPMATHBHUX BIACTUBOCTEH OeToHy [1]
Ta MOJIEJICH 3UYETICHHS apMaTypH 3 BUCOKOMIITHUM OETOHOM [2].miciist 301IbIIeHHS HOTO PiBHSL.

1. Babich Y., Filipchuk S., Karavan V. Research of deformative properties of concrete taking into account the
descending branch of deformation. IOP Conference Series: Materials Science and Engineering. 2020. 960 (3).
https://doi.org/10.1088/1757-899X/960/3/032057

2. Babych Y., Filipchuk S., Fenko O. Mathematical modeling of the resistance of pulling out steel bars from high
strength concrete. International Journal of Engineering and Technology (UAE). 2018 May. Vol. 7(3.2). P. 516-
521. https://doi.org/10.14419/ijet.v7i3.2.14581
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The aim of this study is to examine a testing methodology for two-hinged reinforced concrete
frames with artificially regulated internal forces. Despite the widespread use of reinforced concrete
frames in modern construction practice, experimental studies on their behavior remain insufficient,
especially for frames with artificial force regulation.

Fig.2 — Scheme of testing frames and arrangement of

Fig.1 — Structural diagram of the experimental frames devices (I — indicators, TI  protractors)

To investigate I1-shaped reinforced concrete frames with artificial force regulation, full-scale
frame specimens were fabricated. Their dimensions in axes were: span 1=20001 = 20001=2000 mm,
height h=1100h = 1100h=1100 mm, cross-section of the beam — 160x100160 \times 100160x100
mm, cross-section of the column — 180x100180 \times 100180x100 mm.

The columns were reinforced with a spatial cage containing four symmetrically placed bars @14
A400C. The beam was reinforced with a spatial cage: bottom reinforcement — 2 @14 A400C; top
reinforcement — @18 AS00C (bent and anchored into the column beneath the lower edge of the beam
by 450 mm). Shear reinforcement in both columns and beam consisted of closed welded stirrups @6
Vr-1, placed at 60 mm spacing in the beam and 70 to 50 mm in the support zones of the columns.
Embedded plates (t = 5 mm) were installed at the column ends. The tie element was made of @18
A500C rebar, threaded at one end. Pre-stressing in the tie was applied using a torque wrench.

The load-bearing capacity of the two-hinged frame with artificial force regulation was found to be
5.3% higher under a single loading cycle and up to 20.3% higher under repeated loading compared
to a similar frame without force regulation.

1. Babich Y., Filipchuk S., Karavan V. Research of deformative properties of concrete taking into account the descending branch
of deformation. IOP Conference Series: Materials Science and Engineering. 2020. 960 (3). https://doi.org/10.1088/1757-
899X/960/3/032057

2. Babych Y., Filipchuk S., Fenko O. Mathematical modeling of the resistance of pulling out steel bars from high strength concrete.
International Journal of Engineering and Technology (UAE). 2018 May. Vol. 7(3.2). P. 516-521.
https://doi.org/10.14419/ijet.v7i3.2.14581
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MeTol0 JOCHIZKEHHS € ONTUMI3aliss ICOMETPUYHHX 1 (i3MKO-MEXaHIYHUX IIapaMeTpiB
0araTOKOMIOHEHTHUX (I3UYHUX CHCTEM, Ha MPUKIAJAl TEIUIOBHX MPOILECIB, 10 MPOTIKAIOTh B
OyniBisIX 3aUl MiABUILNEHHS iX eHeproedexTHBHOCTI # pecypco3bepexenns. IIpornonyerscs
3aCTOCYBAaHHs OCHOBHUX IPUHLIUIIIB YIPaBIIiHHS TEIIOBUM OanaHcoM eHeproe(eKTHBHOI OyaiBii 3
BUKOPUCTAHHAM JUCKPETHOTO TIE€OMETPUYHOrO MOJCIIOBAHHA Ha OCHOBI iHTepmpeTaliiHuX
CIT4ACTHX CTPYKTYp, L0 IHTEPHPETYIOTh IHUCKPETHY MOJENb TCIUIOOOMIHY E€HEpProe(eKTHBHOI
OyaiBii, a Takox rpadoaHaniTHYHUX MOJIETICH TPE/ICTABICHHS Ta aHAi3y JaHUX.

AKTyallbHOIO 3a/1auCl0 TPH BU3HAYCHHI pIiBHS eHeproe()eKTHBHOCTI OyaAiBenb € aHali3 ix
TEIUIOBOTO OaiaHcy 3 ypaxyBaHHSM YCIX SHEProHaaxo/keHb i eHeprosrpat [1, 2]. Lle mo3Bose
BH3HAYATH HA €Tali MPOEKTYBAHHS HEOOXiTHI mapamMeTpd TEIUIOBOI 130J1sLii Ta BCTaHOBJIIOBATH
ONTHMAJbHUN PEKUM BEHTWIIOBAHHS NPUMIIICHb. 30KpeMa, Ha OCHOBI BIJIMOBIJTHOTO aHAII3Y
MPUAMAIOThCS MOTYXKHOCTI 1H)KCHEPHUX CHCTEM, 1[0 B CBOIO YEPry BIUTMBA€ HA KIiHIEBY BapTiCTh
00’€eKTy OyIIBHHULITBA, PEKOHCTPYKIIT 200 TepMOMO/IepHi3allii Oy/1iBeb.

[lpy NpakTHYHOMY IPOEKTYBAHHI BHKOPUCTOBYIOTHCS PIi3HI YHCENbHI CIOCOOM OOpaxyHKY
terioBTpat. [lpu mpomy icHye motpeba y po3poOli FHYYKOTo IHCTPYMEHTapilo MaTeMaTH4HOIO
MOJICIIFOBaHHS TEIUIOBOIO PEKHUMY OYIiBIIL, IO JO3BOJSIIO OM BPaXOBYBAaTH SIK T€OMETPUUHI, TaK i
(i3u4Hi MapaMeTpu OropoKYBaJIbHUX KOHCTPYKIH, a TakoxK KOH(Irypamio # pexum poboTu
IH)KCHEPHUX CHCTEM Oy/liBEIIb.

Jns toro, mo0 3miliCHIOBATH YIpaBIiHHSA IapaMeTpaMH IHCKPETHOI MOJENi TEII00OMiHy
eHeproeexTuBHOI Oy1iBII, HEOOXITHO MPEICTABUTH 11 TUCKPETHY MOJIeb Y (hopMi 3piBHOBaXKEHOT
ciTyacToi CTpPyKTYpu. B JocimiukeHHI BUKOPUCTaHO MiJXij, 3acTocoBaHuii B poOoTi [2] miomo
BIJITBOPEHHSI TEMIIEPATYPH MOBITPS Ta MOBEPXOHb CTiH MPUMILICHb HA MPUKJIAAl €IEMEHTapHO
OJIHONIOBEPXOBOro OyauHKy. Takuil miaxin 06a3yeThCsi HAa METOAl TEIIOSNCKTPHUYHOI aHalorii Ta
nepeabayae MoOYAOBY IMCKPETHOI PO3PAaXyHKOBOI MOJENi JOCHiKyBaHOT OyamiBiai y ¢dopmi
HerIaHapHOTro rpady, BEepLUIMHU (BY3JM) SKOTO IMPEACTABISIOTH COOOK TOYKM Yy IMOBITPI Ta Ha
MOBEPXHSX BHYTPIIIHIX i 30BHIIIHIX CTiH, a peOpa (3B'SI3KM) - ONMOPH TeIUioneperadi MK LUMHI
Toukamu. [Iponec MoaentoBaHHA ependadae CKIaNaHHA PIBHAHb TEIUIOBOIO OANaHCy AT KOKHOTO
3 BHIIE 3a3HAYCHUX BY3iB 3 IOJAIBIINM PO3B'I3aHHAM OAEP)KAHOI CHCTEMHU BiTHOCHO TeMIEpaTyp
y HUX. BHaciok BIUMBY Ha cucTeMy 0araTbox (hakTopiB, IPH MOJAECIIOBAHHS PEeabHUX OyIiBelb,
IO MOXKYTh MaTH CKJIaJKy KOHQirypauito GopMH, SK y IUIaHi, TaK i 0 BUCOTI (HaNPHKIAM, Pi3HOI
HOBEPXOBOCTI), CKJIAJHICTh PO3PAXyHKIB 3HAYHO 3POCTA€ HAPSIy 31 KUIBKICTIO HapaMeTpiB, sKi
3aCTOCOBYIOThCS y pO3paxyHKy. [Ias BHPpIIICHHA NAHOTO AaCIEKTY € 3aCTOCOBHUM IIO€JHAHHS
rpadoaHaniTHYHI MOZENIeH JaHUX, 10 J03BOJIUTH 30UIBIIMTH MPOCTOTY PO3YMIHHS B3a€EMO3B’S3KiB
MK IifHaOopaMy NaHMX, iX BIUIMB Ha BUXIJHUH pe3ylbTaT pPO3paxyHKy, Bi3yali3yBaTd y
CIIPOLICHOMY BHJI TCIVIOHAIXOMKCHHS W TEIUIOBTPATH, IO B CBOK Yepry 3HAYHO ITiJBHIIHUTH
TOYHICTh aHajii3oBaHOI Mozeni. JlaHuil MiAXiZ Mae NEpCreKTUBY MOAANIBIIMX MOCITIPKEHb HPH
BHpILIICHH] KOMITJICKCHUX 3a/1a4 B IPOEKTYBaHHI OY/IiBEIb 1 CIIOPY/I.

1. Starakiewicz A.; Mia, sik P.;Krason” J.; Babiarz B. Multi-Aspect Shaping of the Building’s Heat Balance. Energies
(2024), 17, 2702. https://doi.org/10.3390/en17112702

2. boarapoa H., Ilmockmit B., Cxouko B. MonemoBanus TemiooOMiny —eHeproedekTuBHOI OyiBii.
Enepeoedexmusnicmo 6 0yoienuymei ma apximexmypi. 2018, Bum. 11, C. 7-21. https://doi.org/10.32347/2310-
0516.2018.11.7-21
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The purpose of the study is to optimize the geometric and physical-mechanical parameters of
multi-component physical systems, using the example of thermal processes occurring in buildings in
order to increase their energy efficiency and resource conservation. It is proposed to apply the basic
principles of heat balance control of an energy-efficient building using discrete geometric modeling
based on interpretative mesh structures that interpret the discrete heat exchange model of an energy-
efficient building, as well as graph-analytical models of data presentation and analysis.

An urgent task in determining the level of energy efficiency of buildings is to analyze their heat
balance, taking into account all energy inputs and losses [1, 2]. This allows you to determine the
necessary thermal insulation parameters at the design stage and establish the optimal ventilation mode
of the premises. In particular, based on the appropriate analysis, the capacities of engineering systems
are taken, which in turn affects the final cost of the construction, reconstruction or thermal
modernization of buildings.

In practical design, various numerical methods for calculating heat losses are used. At the same
time, there is a need to develop a flexible toolkit for mathematical modeling of the thermal regime of
a building, which would allow taking into account both geometric and physical parameters of the
enclosing structures, as well as the configuration and operating mode of the building's engineering
systems.

In order to manage the parameters of the discrete heat transfer model of an energy-efficient
building, it is necessary to present its discrete model in the form of a balanced mesh structure. The
study used the approach used in [2] to reproduce the temperature of the air and the surfaces of the
walls of the premises using the example of an elementary one-story building. This approach is based
on the method of thermoelectric analogy and involves the construction of a discrete computational
model of the building under study in the form of a non-planar graph, the vertices (nodes) of which
are points in the air and on the surfaces of the internal and external walls, and the edges (links) are
heat transfer resistances between these points. The modeling process involves the compilation of heat
balance equations for each of the above-mentioned nodes with the subsequent solution of the resulting
system with respect to the temperatures in them. Due to the influence of many factors on the system,
when modeling real buildings that can have a complex shape configuration, both in plan and in height
(for example, different storeys), the complexity of calculations increases significantly along with the
number of parameters used in the calculation. To solve this aspect, a combination of graphical
analytical data models is applicable, which will increase the ease of understanding the relationships
between data subsets, their impact on the initial calculation result, and visualize heat gain and heat
loss in a simplified form, which in turn will significantly increase the accuracy of the analyzed model.
This approach has the prospect of further research in solving complex problems in the design of
buildings and structures.

1. Starakiewicz A.; Mia, sik P.;Krason” J.; Babiarz B. Multi-Aspect Shaping of the Building’s Heat Balance. Energies
(2024), 17, 2702. https://doi.org/10.3390/en17112702
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Meta HOCHIIKEHHST — TOPIBHITH PE3yJIbTaTH PO3PAXYHKY «ETAJIOHHOI» 3alli300€TOHHOI MIUTH
wIockuMu Ta 00°‘emHuMH KiHneBuMu eiiemeHtamu B IIK JIIPA-CATIP. 30BHILIHIA BUIISL
3aJ11300€TOHHUX TUINT HaBe/leHi Ha puc. 1 Ta 2.

Puc.l - Baranpuumii Burmsig 3amizoberonHol miuth Puc.2 - 3aranbHUM BV 3a1i300€TOHHOT  IUTUTH
100y10BaHOT IVIOCKMMH KiHLIEBUMH €JIEMEHTaMH 1100y10BaHOT 06’ €EMHUMH KiHIIEBUMH €JIEMEHTAMH

IMapamerpu muty: ToBmmHa 100 MM, mapHipHO onepTi Ha ABi cTopoHH, 6eToH C20/25, apMaTypa
niamerpom 10 MM ASOOC. [Tnuta HaBaHTa)keHa PiIBHOMIPHO PO3IOIIICHUM HaBaHTAKESHHAM 2,5 T/M2.
Ji1s MOzeNIOBaHHS BUKOPHUCTOBYBAJIM JIBI MOJEINI: IUIOCKUMH KiHIIEBUMHU €IEMEHTAMH PO3MIpOM
miactue 100x100 MM, 06’ eMHEMHE — 33 TOIIOMOT0I0 4960-b0X NMPSAMOKYTHHX €IEMEHTIB 000JIIOHKU
CE-36, po3mipamu y miai 10x50 MM i BucoToro 10 MM. ApMyBaHHS IUINTH BHKOHYBAJIOCH 3a
JoroMororo 160-b0x mpsAMOKYTHHX enieMeHTiB obosonku CE-36, po3mipamu B miani 50 MM Ta B
PpO3pi3i BiAMOBIIHO 710 TUIONI CiueHHS apMaTypu D10 Mm.

PesynbraTu JiHIHHOTO po3paxyHKy 000X MoJesel 3a1i300€TOHHUX IUTHT BiloOpaxeHi Ha puc. 3
Ta 4 Ta HaBejeHi B Ta0ymmi 1.

B

Puc.3 - Ilepemimenns mmrtu no oci Oz, MM B miockiit  Puc.4 - Ilepemimenns mmmtu no oci Oz, MM B

TUTATI TIPOCTOPOBIii TINTI
Ta6muus 1
Monaens [Iporux, MM
TInocka (TutacTHHaMm) 0,97
O6’emHa 0,87

AHaJI3yI04u pe3yNbTaTH po3paxyHKiB qedopMaltiii 1J1s II0CKoi Ta 00'€MHOT IUTHT, JIe TIPOTHH ISt
mwiockoi mmuth ckiaB 0.97 MM, a uist 06'emuoil wmutH — 0.87 MM, MOXKHA 3pOOUTH BHCHOBOK IIPO
3HAaYHY CXOXICTh OTPHMaHMX pe3ynbTaTiB. Taka MiHIManbHA Pi3HULA Yy JAedopMalisx MiIKPeCcIoe
aJIeKBaTHICTH 000X IIAXO/IIB 10 MOJICIFOBAHHS ITOBEIIHKH 3aJ1i300€ TOHHHX IUINT.

1. Bapaura, JI. B. (2020). BrumB BpaxyBanHs HelTiHiitHOT po60TH MaTepialiB Ha HaNpy:KeHO-AehOPMOBAHHIL CTaH
3anizobetonHoro nepekputts (Doctoral dissertation, BHTY).

2. Binmok, M. B., Camuyk, B. II., & Kucmok, . 5. (2018). Po3paxyHok 6araTompoirHOi MOHOJITHOT
3aJ1i300€TOHHOT IITUTH MEePEKPUTTS Y (hi3sMdHO HeNiHiifHil nocTanoswi 3a fonomororo ITK JIIPA-CAIIP. Cyuachi
TEXHOJIOTi Ta METOJIM pO3paxyHKiB y OyaiBHUITBI, (10), 35-43.

143



V Misicnapoona naykoso —npaxmuyna kongepenyisa «byoieni ma cnopyou cneyiansino2o npusHaients.:
cyvacuimamepianu ma KoHcmpykyiiy (14-16 mpasus 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Analytical Comparison of Shell and Solid Models in the Calculation of Slab
Deformations in LIRA-SAPR

Zinovii Blikharskyi, Doctor of Technical Sciences, Professor of the Department of Building
Constructions and Materials,, https://orcid.org/0000-0002-4823-6405;

Mpykhailo Ivaneiko, PhD Candidate of the Department of Building Constructions and
Materials, https://orcid.org/0000-0001-7578-8750

National University “Lviv Polytechnic” (Lviv, Ukraine)
The aim of the study is to compare the results of calculation of a ‘reference’ reinforced concrete

slab by plane and volumetric finite elements in LIRA-SAPR software. The appearance of reinforced
concrete slabs is shown in Figs. 1 and 2.

Fig.1 - General view of a reinforced concrete slab Fig.2 - General view of a reinforced concrete slab
constructed by plane finite elements constructed by volumetric finite elements

Slab parameters: thickness 100 mm, hinged on two sides, concrete C20/25, reinforcement 10 mm
in diameter A500C. The slab is loaded with a uniformly distributed load of 2.5 t/m?. Two models
were used for modelling: a flat finite element model with plate size of 100x100 mm, and a three-
dimensional model with 4960 rectangular shell elements SE-36, with dimensions of 10x50 mm and
a height of 10 mm. The slab was reinforced with 160 rectangular elements of the SE-36 shell, with
dimensions of 50 mm in plan and in section according to the reinforcement cross-sectional area of
@10 mm.

The results of the linear calculation of both models of reinforced concrete slabs are shown in Figs.
3 and 4 and are given in Table 1.

e

Fig.3 - Slab displacement along the Oz axis, mm in a flat Fig.4 - Slab displacement along the Oz axis, mm in a

slab spatial slab
Table 1
Model Deflection, mm
Flat (with plates) 0,97
Volumetric 0,87

Analysing the results of the deformation calculations for the flat and three-dimensional slabs,
where the deflection for the flat slab was 0.97 mm and for the three-dimensional slab was 0.87 mm,
we can conclude that the results are very similar. Such a minimal difference in deformations
emphasises the adequacy of both approaches to modelling the behaviour of reinforced concrete slabs.

1. Bardyga, D. V. (2020). Influence of taking into account the nonlinear work of materials on the stress-strain state of a
reinforced concrete slab (Doctoral dissertation, VNTU).

2. Vintsiuk, M. V., Samchuk, V. P., & Kysliuk, D. Y. (2018). Calculation of a multi-span monolithic reinforced concrete
slab in a physically nonlinear formulation using LIRA-SAPR software. Modern technologies and methods of
calculations in construction, (10), 35-43.
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OcraHHi JeKiJbKa POKiB CIIOCTEPIraeThCs 3HAYHUM iHTEpec 10 OyAiBHUITBA OYIUHKIB 3 IepEeBUHU
Ta MaTepiayiB Ha OCHOBI JiepeBHHH. L[ poGoTa Mae Ha MeTi IpoaHAIIi3yBaTH Ta IOPiBHATH METOIUKI
po3paxyHKy criHoBux aiagparm 3a ECS [1] Ta Special Design Provisions for Wind and Seismic [2].

Crinosi miapparmu  3a ECS5 [1, crop.151] “noBMHHI NPOEKTYBaTUCh IJIsl CHPUHHATTSA SIK
TOPU30HTANBHUX, TaK 1 BEPTUKAIBHUX HaBaHTakeHb. Omip momepeuHiit nedopmarii CTiHOBHXI
niagparm 10 [1] BusHauaeTsest a0o BunpoOyBaHHsMH 3rigHO 3 EN 594 [3], abo po3paxyHkamu Ha
OCHOBI BIJIMOBITHUX AaHATITHYHUX METOMIB abo po3paxyHkoBux wmojmeneil. ECS5 mnepenbauae
BHUKOPHCTAHHS CIIPOIIEHOT0 aHali3y CTIHOBHX aiadparM (MeToa A) Ta CHPOIICHOTO PO3pPaxyHKY
cTiHOBHX Hiadparm (MeTon B)”.

Crpomrennit ananiz (meton A) 3a ECS [1, crop.152], “3acTocoByeThCs TITBKH UIsi CTIHOBHX
niapparM 3 KpIUIEHHAM B KiHII TOOTO BEpTHKANbHHII €NEeMEHT 3’€JHAHUH 3 HIDKHBOIO
KoHCTpyKLieto. [IpoexTHa Hecyda 31aTHICTh Fyrd (IpoekTHHIL ommip 3cyBy) mpu cuii Fyrd sika mie
(3Bepxy) KOHCOJNBHOI TMaHewdi, MiAHoM sIKOT OOMEXEeHHH (BEpTUKAJIbHUMH 3YCWIUIAMH, a00
QHKCPYBAHHSM ), IIOBUHHA OyTH BU3HAYCHA 3 BUKOPHCTAHHIM CIIPOIICHOTI0 METOY aHAJIi3y JUIS CTiH,
BUTOTOBJICHHX 3 OJTHI€1, a OiIbIIIe aHeei’” .

Crpomiernit pozpaxyHok (metox B) 3a ECS [1, crop.156] “nependadae mo KOMIOHOBKA CTiHH
BHUKOHYEThCS 13 OHOT 200 OUIbIIE CTIHOBHX MaHENEeH, KOJKHA 3 SIKMX BKIIOYa€e OIHY a0 JeKiabKa
YapyHOK, L0 BUTOTOBISIIOTBCS 13 JIMCTIB Ha OCHOBI BUPOOIB i3 JepeBHHH, MPUKPIIUICHUX [0
JepeB'ssHOro Kapkacy. Po3paxyHkoBa Hecyda 3maTHICTh y muiomuHi Fyrda (po3paxyHKoBHid ormip
norepevyHoMy 1eOpMyBaHHIO), BiJl cHiH Fy k¢, TPUKIIaICHOT 3BEpXY KOHCOJIBHOI MaHel 3aKPirIeHOl
BiJl MiAHOMYy BEpTMKAJIbHUM HaBaHTaKEHHSM a00 3aaHKEpeHHsM, IOBHHHA BU3HAYATUCh 3
BHUKOPHCTAHHSIM HaBECHOTO B [1] CIIPOIEHOT0 METOIy pO3paxyHKY ISl KOHCTPYKILii CTiH”.

IIpoexryBanus crinoBux aiadparm BianosigHo 10 ANSI/AWC SDPWS-2021 [2] 6a3yeTbcst Ha
OCHOBI €KCIIEPUMEHTAIIBHUX JaHUX OTPUMAHUX BIAMOBIIHO 10 [4], 10 OIHCYE MOCTITOBHICTH Ta
HEeoOXi/HI JaHi At Bu3HaueHHs. B [2] BnopsiakoBaHi TabnudHI 1aHi B 3aJIe)KHOCTI BiJl MaTepiany
o0mmMBKY Ta 11 TOBIIWHHY, THILy IBAXIB iX JiaMeTpy Ta JOBXKUHH, KPOKY LBSIXIB 110 KOHTYPY IHTA
o0mmBKY,. 3HAYEHHS HECYdol 30aTHOCTI KOPHTYEThCs KoedillieHTaMU SKi 3aJIeKaTh Bil METOIUKH
PO3paxyHKy Ta po3MipiB cTiH. [lepenOauaeThest mpy NpOEKTyBaHHS CTiH iad)parm 3a METOIHMKOIO
JOIyCTUMHX HampyxeHb (opur. “Allowable stress design (ASD)” Ta mpoeKTyBaHHS 3a METOAOM
koedilieHTiB HaBaHTaKeHHS Ta omnopy (opur. “Load and resistance factor design (LRFD)”. Takox,
BaXJIMBO BiI3HAYHUTU IIO KiHIEBC 3HAYCHHS MOIYCTHMOI TOPM3OHTAJIBbHOI CHJIM 3aJICKHTH 1 BiX
XapakTepy IPUKIIaJeHOT0 HaBaHTAXKCHHs (CeHCMIYHI 91 BITPOBI).

—_

. EN 1995-1-1:2004 Eurocode 5: Design of timber structures - Part 1-1: General - Common rules and rules for
buildings. Brussels, Belgium : The European Union Per Regulation 305/2011, Directive 98/34/EC, Directive
2004/18/EC, 2004.

. SDPWS 2021.Special Design Provisions for Wind and Seismic. Leesburg, Virginia, USA : American Wood
Council, (AWC), 2021.

. EN 594:2011Timber Structures - Test methods - Racking strength and stiffness of timber frame wall panels.
Brussels, Belgium : EUROPEAN COMMITTEE FOR STANDARDIZATION, 2011.

. ASTM E564-06. Standard Practice for Static Load Test for Shear Resistance of Framed Walls for Buildings. West
Conshohocken, PA, USA. : American Society for Testing and Materials, (ASTM), 2012.
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Taras Shnal, doctor of technical sciences, Professor of the Department of Building Structures
and Bridges, https://orcid.org/0000-0002-4226-9513;

Oleksandr Lepuha, postgraduate of the Department of Building Structures and Bridges,
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Thor Matsyk, postgraduate of the Department of Building Structures and Bridges,
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Lviv Polytechnic National University (Lviv)

Over the past few years, there has been considerable interest in timber and wood-based structures
for buildings. This paper aims to analyze and compare the shear wall design methods according to
ECS5 [1] and Special Design Provisions for Wind and Seismic [2].

According to ECS, shear walls should be designed considering horizontal and vertical loads. Shear
walls lateral force resistance up to [1, page 151] “is determined either by tests according to EN 594
[3] or by calculations based on appropriate analytical methods or design models. Lateral force shear
wall resistance must be evaluated to ensure the required safety margin within the operational
reliability. EC5 provides a simplified analysis (method A) and simplified calculation (method B) for
the shear walls”.

Simplified analysis (method A) up to [1, page 152] “is applicable only for shear walls anchored at
the ends, i.e., the vertical element is connected to the lower structure. The design load capacity Fyra
for the force Fyraacting at the top of a cantilever panel, whose uplift is limited (by vertical forces or
anchoring), must be determined using the simplified analysis method for walls made of one or more
panels”.

Simplified Calculation (Method B) up to [1, page 156] “assumes that the wall is constructed of
one or more wall panels, where each panel includes one or more cells made of timber-based sheathing
attached to a timber frame. The design shear capacity in the plane Fyra (design resistance to shear
deformation) under the force Fy rq acting at the top of the cantilever panel, anchored against uplift by
vertical load or anchoring, must be determined using the simplified calculation method provided in
[1] for wall structures”.

Shear wall design according to ANSI/AWC SDPWS-2021 [2] is based on experimental data
obtained according to [4], which describes the procedure and necessary data for determination. In [2],
tabulated data are organized according to the sheathing material and its thickness, type of nails, their
diameter and length, and nail spacing around the perimeter of the sheathing panel. The shear capacity
values are adjusted by coefficients that depend on the calculation method and wall dimensions. It is
allowed to provide shear wall design using both the Allowable Stress Design (ASD) and the Load
and Resistance Factor Design (LRFD) methods. It is also important to note that the final allowable
horizontal force value depends on the nature of the applied load (seismic or wind).

1. EN 1995-1-1:2004 Eurocode 5: Design of timber structures - Part 1-1: General - Common rules and rules for
buildings. Brussels, Belgium : The European Union Per Regulation 305/2011, Directive 98/34/EC, Directive
2004/18/EC, 2004.

2. SDPWS 2021.Special Design Provisions for Wind and Seismic. Leesburg, Virginia, USA : American Wood
Council, (AWC), 2021.

3. EN 594:2011Timber Structures - Test methods - Racking strength and stiffness of timber frame wall panels.
Brussels, Belgium : EUROPEAN COMMITTEE FOR STANDARDIZATION, 2011.

4. ASTM E564-06. Standard Practice for Static Load Test for Shear Resistance of Framed Walls for Buildings. West
Conshohocken, PA, USA. : American Society for Testing and Materials, (ASTM), 2012.
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Jlvsi6coKuil HAYiOHATbHUL YHIGEPCUMEn 8eMePUHAPHOT MeOUYUHU
ma 6iomexnonoziti imeni C.3. Iicuyvrozo (m. [Jybasnu)

Merta nocnipKeHHs — MpoaHalli3yBaTH poOOTY YMCIOBOT MOJIEINI CKIISIHOT OaraTomapoBoi MIHTH,
1o0y10BaHOi HAa OCHOBI MeTo/y cKiHdeHHuX eneMenTiB (MCE), Ta mopiBHATH OTpUMaHi pe3yibTaTH
3  eKCIHePUMEHTAIbHHUMH JaHUMH. 3aralpHUH BUIIIAA 1 PO3paXyHKOBAa MOJENb CKIIAHOL
OararomapoBoi IUTUTH NpeCTaBlIeH] Ha puc. 1 Ta 2.

Puc.1 - Baranpnuii Buriisaa ckisHoi OararomapoBoi mmuti  Puc.2 - Po3paxyHkoBa Moienb CKISIHOT OaratoiapoBoi
i1 4ac BUIIPOOYBaHHS TUTATH

CxuisiHa GaraTorapoBa IUIMTa CKIIaaanach 3 3 MmapiB 3BMYAHOTO CKiIa, TOBIIMHOK N0 10 MM KOXeH,
JIaMiHOBaHUX MiK COOOFO 2-I11apOBOIO MOIMEPHOKO TUTiBKO0. [Tn1Ta, BIjIbHO OnepTa 1o Y0TUPhOX KyTax,
TpaLoBalIa Ha 3TUH i1 TI€I0 CTATHYHOrO HaBAHTAXKESHHS, MPUKJIAJICHOTO MOCEPE/IMHI Yepe3 ILITaMIl.

T'eoMeTpuuHy TBEpIOTUIBHY MOJENb IUIMTH NOOYAyBadM 32 JOINOMOIOK T'€OMETPUYHOTO
€JICMEHTA THITY «ITOBEPXHSI».

Jlst nobynosn CE-moneni Bukopucranu enemenT odononkn SHELL181, 4-By3iioBuii eneMeHT 3
6 cTyneHsMHu CBOOOIM Ha KOXKHOMY BY3JIi: IlepeMilieHHs B HarpsMKkax X, Y 1 Z, a Takok oOepTaHHs
HaBkoso ocel X, Y i Z. TouHicTh MOjeNIOBaHHsA OararomapoBoi IUIMTH BioBigana Teopii
nedopmatii meproro nopsiaky (teopii obononok Mintina-Peiicuepa).

HapanTtakeHHss B Ansys BIATBOPWJIM MOETANHHUM, SIK TPH BHKOHAHHI €KCIIEpUMEHTIB. Takum
YUHOM, MTPUKIIAJICHE HA CKIHYEHH] eJIEMEHTH 3HAUCHHsI HABAHTAXKEHHsI PO3/UIHIIN Ha ITiIKPOKH.

3a pesyabTaTaMH pO3paxyHKY CKIHUYCHHO-EIEMEHTHOI MOJENI CKISHOI 0araToIiapoBol IUIHTH,
noOynoBaHoi B porpami Ansys, OyJ1i OTpUMaHI 3HaYEeHHsI HAIIPY)KEHb Ta MEPEMIIIIeHb y BCIX I1apax
CKJIa JUISL PI3HUX €TaIliB HAaBaHTa)KCHHSI.

[IpoBenieHo HOPIBHSHHS TEOPETUYHHX Ta €KCIIEPUMEHTAIBHUX PE3YJIbTaTiB.

1 Demchyna, B., & Osadchuk, T. (2018). Pe3yabTaTi ekcriepuMeHTaIbHUX AOCIIPKEHb OTIEPTUX MO YOTHPHOX KyTaxX
CKISIHHUX IUINT 3 PI3HUMH TUIIAMH CKJIA, SIKi IPALIOIOTH HA 3rHH. BicHuK JIbBIBCHKOrO HAL[IOHATIBLHOTO arpapHoOro
vHiBepcutery. Cepis: ApXiTekTypa i ciibchKoroctoaapebke OyaiBHALITBO, (19), 57-60.
https://doi.org/10.31734/architecture2018.19.057

2. Osadchuk. T., Famuliak. Yu.. Demchyna. B.. & Bezpalko V. (2024). Po3paxyHOK CKISHHX 0araTomapoBHX
KOHCTDPYKIIif HAa OCHOBi KOHIIENIIii €KBiBaJICHTHOI TOBIIIMHY Ta METOJY CKiHUEHHHUX elIeMEeHTIB. PecypcoekoHOMHI
Marepiaian, KOHCTPYKILIL, OyaiBii Ta copyau: 30ipHUK HAYKOBHX Tpallb, (46), 266-274.
https://doi.org/10.31713/budres.v0i46.31

147



V Miscnapoona naykoso —npakmuuna kongepenyis «byodieni ma cnopyou cneyiaibho2o npusHauents.:

cyuacnimamepianu ma koncmpykyiiy (14-16 mpasns 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Numerical modelling of the stress-strain state of glass laminated plates in
Ansys software

Taras. Osadchuk, candidate of technical sciences, acting associate professor of the
Department of Building Structures; https://orcid.org/0000-0002-8686-7056

Yuriy. Famulyak, candidate of technical sciences, associate professor, head of the Department
of Construction Technology and Organization, https://orcid.org/0000-0003-3044-5513
Andriy. Mazurak, candidate of technical sciences, associate professor, acting professor of the
Department of Construction Technology and Organization, https://orcid.org/0000-0001-7367-
774X

Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies of Lviv

The aim of the study is to analyse the performance of a glass laminated plate, based on the Finite
Element Method (FEM), and to compare the results obtained with experimental data. The general
view and calculated model of the glass laminated plate are shown in Figs. 1 and 2.

Fig.1 - General view of glass laminated plate during Fig.2 - Calculated model of glass laminated plate

testing

The glass laminated plate consisted of 3 layers of annealed glass, each 10 mm thick, laminated
together with a 2-ply polymer film. The plate, freely supported at the four corners, was subjected to
bending under a static load applied in the middle through a stamp.

A solid geometric model of the plate was constructed using a 'surface' type geometric element.

The FE model was built using the SHELL181 shell element, a 4-node element with 6 degrees of
freedom at each node: translations in the X, Y and Z directions and rotations about the X, Y and Z
axes. The accuracy of the glass laminated plate modelling was consistent with the first-order
deformation theory (Mindlin-Reissner shell theory).

The loading in Ansys was reproduced in stages, as in the experiments. Thus, the load applied to
the finite elements was divided into sub-steps.

On the basis of the results of the calculation of the finite element model of the glass laminated
plate built in Ansys, the values of stresses and displacements in all the glass layers for different stages
of loading were obtained.

Theoretical and experimental results were compared.

1. Demchyna, B., & Osadchuk, T. (2018). The results of experimental researches of corner supported glass plates with
different types of glass, which working on bending. Journal of Lviv National Agrarian University. Series
«Architecture and Agricultural Construction», (19), 57-60. https://doi.org/10.31734/architecture2018.19.057

2. Osadchuk, T., Famuliak, Yu., Demchyna, B., & Bezpalko, V. (2024). Calculation of multi-layered glass structures
based on the concept of equivalent thickness and the finite element method. Resource-saving materials,
constructions,  buildings and  structures:  collection of scientific  papers, (46), 266-274.
https://doi.org/10.31713/budres.v0i46.31.
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JocaigkeHHs1 TeNJIOBUX BJIACTHBOCTell BEHTH/IbOBAHUX (pacanis
Onena Onekcienko, kano. mext. nayk, http://orcid.org/0000-0002-5329-2217
Incmumym Texwiku Byoisenvnoi, ITB, (m. Bapwasa, Ionvwa))

Merta noCIimKeHHS — BU3HAYCHHS TCIUIOTEXHIYHHUX BJIACTHBOCTEH Ta KPUTEPiiB KOHCTPYKIIHHOT
IPHUAATHOCT €NEMEHTIB IMiJKOHCTPYKIIH BEHTHIbOBAHHX (acaiiB (KOHCOMIB) i3 3aCTOCYBAaHHIM
moJimMepiB 3a gornomororw 3D mozentoBaHHs. 30BHIMIHIM BUTIIS | KOHCTPYKTHBHA CXEMa KOHCOJIB
BEHTUJIbOBaHUX (pacajiiB HaBeeHI Ha puc. 1.

aj LE L] dj

Puc.1 - KoHcoui 3 Terumoi3onsiiHuMy BCTaBKaMH 3 TIOJTiMepy (TTOKa3aHi YOPHUM KOJIBOPOM): a) CTaneBa
(aroMiHi€eBa) KOHCOJIB; b) KOMIIO3UTHA KOHCOJIb; C) KOMIIO3UT B OCHOBI; d) BCTaBKa 3 1oJjiiMepy B cepenHi Koncoui; f)
BCTaBKa 3 TOJTIIMepY B KiHITi KOHCOJI

1106 3MEHIMTH BIUIMB TEIUIOBUX MICTKIB XOJIOJy Ha TEIUIOI30JISAIIIHI BIIAaCTHBOCTI 30BHIIIHIX
CTiIH Yy CHCTeMaX BEHTWILOBAHMX (pacajiB, BCE 4YACTillle BHKOPHCTOBYIOTHCS CICMCHTH
MiKOHCTPYKIIIi, 10 CKIaAalThCs 3 KUJIbKOX MaTepiayiB: METaliB Ta MOJIMEPHUX KOMMO3UTIB. LIi
BIJIHOCHO HOBI MPOJYKTH OI[HIOIOTBCS 32 JOIOMOIOI0 METOJIB, IPUCBIYCHUX METAJCBUM
MIZAKOHCTPYKWiSAM. Y 3B’3Ky 3 BHIICBUKIAQJACHUM BHHHUKA€ HEOOXIJHICTH BHOOPY METOMIB
JIOCHI/DKEHHST Ul BH3HAUCHHS JIOIUIBHOCTI BHUKOPHCTAHHS MiJKOHCTPYKIIH BEHTHIbOBAHUX
(hacajiB, KOHCOJICH 3 TTIOJIIMEPHUMH €JIEMEHTAMHU.

BpaxyBaHHs XapakTepHHX, paHillie HE MEPEBIPEHUX TEXHIYHUX OCOOIMBOCTEH MiAKOHCTPYKIIIT
BEHTWJIbOBaHUX (hacajiB i3 3acTOCYBaHHSM IIOJIMEpIB, MO3BOJMTh BU3HAYMTH TEIUIOTEXHIYHI
BJIACTHBOCTI TA 3HU3UTH IHTCHCUBHICTH TEPMIYHOI BiIMOBH BEHTHUIILOBAHUX (DAcasiB, 110 TIO3UTUBHO
BIUIMHE Ha Oe3meky ekcruryartamii OyaiBmi. B o0car poOIT BXOAATh MHUTaHHS MIOAO OE3MEKH
BUKOPUCTAHHS T TEIUIOI30JISIIHHUX BIaCTUBOCTEH MiAKOHCTPYKLIT /ISl BAKOHAHHS BEHTHIbOBAHUX
(hacaiiB 3 MONTIMEPHUMH eJIEeMEHTaMHU.

BusHaueHO TOUKOBI Koe(iLieHTH Teulonepenadi MiJKOHCTPYKLill BEHTHIBOBAHHX (acaliB 3
BUKOPUCTAHHSIM CHCTEMHHMX ITACHBHHX KOHCOJICH 3 MIHEpaJOBATHHM YTEIUIIOBAYEM TOBIIMHOIO
150/180/200/220 MM 1u1st 3 TUIIB 30BHILIHIX CTiH (3aJ11300€TOH, HOPOTEPM, CHIIIKAT).

Po3mipy Ta THITM BUKOPHCTaHUX MaTepiayliB Oynu NmpuiHATI BixnosigHo 1o kpeciaeHs CAD ta
TEXHIYHOI JIOKYMEHTaLlii. Y po3paxyHKax BPaxOBYEThCS MOHTaXHHUU MPOQLIIb B TEMIO0I30SALIHHOMY
mapi. Po3paxyHOK TEIUIOBHX IOTOKIB BHKOHAHO BiJIMOBIJHO 3a pe3yjbTaTaMd MOJEIIOBAHHS
TPUBUMIPHUX TE€MIIEpaTypHHX MOJiB 3a gornomoroto nporpamu SOLIDO PHYSIBEL.

V pe3ynbrari MOJICIIOBaHHS TPHUBUMIPHHUX TEMIIEPATYPHHX IOJIB MPOBEJCHO aHali3 TOYKOBHUX
KoeQillieHTIB Teruionepenayui A pi3HUX KOHCTPYKTHBHHMX pillleHb BEHTWJILOBaHUX (acais,
pO3TalyBaHHs Ta KOHCTPYKLIT KOHCONeH. OTpuMaHi pe3yabTaTd J03BOJISIIOTh BU3HAYUTH OCHOBHI
NPUHIMOA BHOOPY METOAIB 3MEHIICHHS TOYKOBUX TEIJIOBUX MICTKIB. AHali3 TaKox OyB
COpSIMOBaHWN Ha BU3HAUCHHS MOPSIKY BEIMYMHH IOMPAaBKM Ha KOEQII€HT Teruonepeaadi 3
ypaxyBaHHSIM Pi3HUX PIllIEHb CTiH I OMIOPHUX KOHCOJIEH.

1. Alghamdi, A.; Alharthi, A.; Alanazi, A.; Halawani, M. Effects of Metal Fasteners of Ventilated Building Facade
on the Thermal Performances of Building Envelopes. Buildings 2021, 11, pp. 267.

2. Theodosiou, T.; Tsikaloudaki, K.; Bikas, D. Analysis of the Thermal Bridging Effect on Ventilated Facades.
Procedia En-viron. Sci. 2017, 38, pp. 397-404.

3. Ujma, A.; Pomada, M. Analysis of the temperature distribution in the place of fixing the ventilated facade. E3S
Web Conf. 2019, 97.
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Warsaw Institute of Building Technology
The purpose of the study is to determine the thermal properties and criteria for the structural
suitability of the elements of the substructures of ventilated facades (consoles) using polymers using

3D modeling. The appearance and structural diagram of the consoles of ventilated facades are shown
in Fig. 1.

Fig. 1 - Consoles with thermal insulation inserts made of polymer (shown in black): a) steel (aluminum) console;
b) composite console; ¢) composite at the base; d) polymer insert in the middle of the console; f) polymer insert at the
end of the console

To reduce the impact of thermal bridges on the thermal insulation properties of external walls in
ventilated facade systems, substructure elements consisting of several materials are increasingly used:
metals and polymer composites. These relatively new products are evaluated using methods dedicated
to metal substructures. In connection with the above, there is a need to select research methods to
determine the feasibility of using substructures of ventilated facades, consoles with polymer elements.

Taking into account the characteristic, previously untested technical features of the substructure
of ventilated facades using polymers will allow determining the thermal properties and reducing the
intensity of thermal failure of ventilated facades, which will positively affect the safety of building
operation. The scope of work includes issues of safety of use and thermal insulation properties of the
substructure for the implementation of ventilated facades with polymer elements.

The point heat transfer coefficients of the substructures of ventilated facades were determined
using system passive consoles with mineral wool insulation with a thickness of 150/180/200/220 mm
for 3 types of external walls (reinforced concrete, porotherm, silicate).

The dimensions and types of materials used were taken in accordance with CAD drawings and
technical documentation. The calculations take into account the mounting profile in the thermal
insulation layer. The calculation of heat flows was performed according to the results of modeling
three-dimensional temperature fields using the SOLIDO PHYSIBEL program.

As a result of modeling three-dimensional temperature fields, an analysis of point heat transfer
coefficients was performed for various design solutions of ventilated facades, the location and design
of consoles. The results obtained allow us to determine the main principles of choosing methods for
reducing point thermal bridges. The analysis was also aimed at determining the order of magnitude
of the correction to the heat transfer coefficient taking into account different solutions of walls and
supporting consoles.

1. Alghamdi, A.; Alharthi, A.; Alanazi, A.; Halawani, M. Effects of Metal Fasteners of Ventilated Building Facade
on the Thermal Performances of Building Envelopes. Buildings 2021, 11, pp. 267.

2. Theodosiou, T.; Tsikaloudaki, K.; Bikas, D. Analysis of the Thermal Bridging Effect on Ventilated Facades.
Procedia En-viron. Sci. 2017, 38, pp. 397-404.

3. Ujma, A.; Pomada, M. Analysis of the temperature distribution in the place of fixing the ventilated facade. E3S
Web Conf. 2019, 97.
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Jedopmaniiini xapakTepucTUKH 32J1i300€ TOHHUX KOHCTPYKii 3
BHUCOKOMILIHOTO 0eTOHY

Onena Menvnuuyk, acucmenm kageopu Oyoienuymea, https://orcid.org/0000-0002-4370-
0221

Yepniseyvruii nayionanrvhuil ynisepcumem im. FOpis ®eodvkosuua (m. Yepuieyi)

Mertoro poboTH € rociimkeHHs qedopManifiHIX XapakTepUCTHK 3a1i300€TOHHUX KOHCTPYKIIiH,
BUTOTOBJICHUX 13 BUCOKOMIIIHOTO OETOHY, 3 METOK BU3HAUEHHs 1X MOBEIIHKH i/l HABAHTAKCHHAM
Ta OOIPYHTYBAHHS MOMNJIMBOCTEH e(hDeKTUBHOIO BUKOPUCTAHHS B CydyacHOMY Oy/iBHUITBI. puc. 1.

i

a 3
Puc.1. Xapakrep Bunpo6oByBaHHs KyOuKis: a) kinac 6erony C20; 6) kac 6etony C60; B) xmac 6erony C80.

V mporeci MPOEKTYBaHHS Ta IiJrOTOBYOrO €Taly OYJIO IIPOBEICHO CEpil0 EKCICPUMEHTIB 3
miz0opy ONTHMAIBHOTO CKJIAAy BHUCOKOMILIHOTO O€TOHY Iuisi 3a0e3NedeHHsT BHCOKOi MIIIHOCTI,
LIUTBHOCTI Ta THIIMX (I3UKO-MEXaHIYHUX XapaKTEPUCTUK. Po3risaanucs cKinaau 3 BUKOPUCTAHHAM
BHCOKOSIKICHHX 1 JOCTYIHHX MaTepiaiiB, cepel SKHX — METakaoNiH 1 rinepruactugikatop
STACHEMENT 2597. Yci BUKOpUCTaHI KOMIIOHEHTH OyJIM CTaHIapTH30BaHi.

B pamMkax fociIipKeHHS IPOaHaIi30BaHO BILIHB BMicTy MeTakaouiny (10%, 20% ta 30% Big macu
LIEMEHTY) Ha xapakTtepuctuku OeroHy kmacy C60. Pesymbraté BuUIpoOyBaHb IMOKa3alH, IO
ONnTUMalIbHUM € jaoaaBaHHs 10%, OCKUTBKM BHINA KOHIEHTPALis MPU3BOIUTH 10 30UIBIICHHS
B’SI3KOCTI CyMillli Ta MOripIIEeHHs 1T MILIHOCTI.

CyneprutacTudikaTtop 3acTOCOBYBaBCS 3TiJHO 3 TEXHIYHUMH peKoMmeHmaisMu. [lomanbri
EKCIIEPUMEHTH BKJIFOYAIM BHTOTOBJICHHS 3pa3KiB Ul TMOPIBHSHHS BJIACTHBOCTEH OCTOHIB KIIaciB
C20, C60 i C80. BuBuanacs noBeinka Matepiany npu pyiiHyBanHi. ¥ 3paskax kiacis C60 ta C80
criocTepirajocs XapakTepHe KpUXKe pyHHYBaHHS 3 BEPTHUKAJIbHUMH TPIIIMHAMHU Ta BiIKOJIaMM Ha
IpaHiTHOMY 3aIOBHIOBaYI, 1[0 CBITYUTh PO BUCOKY MIIIHICTb Ta IIIIBHICTh CYMiIIICH.

VY poboti pocmimkeHo aedopMamiiiHi XapaKTepPUCTUKH 3aJi300€TOHHHMX KOHCTPYKUIH 13
BHCOKOMIITHOTO OETOHY 3 JI0ZIaBaHHSIM MeTakaoJiHy Ta rineprutactudikatopa STACHEMENT 2597.
BuBueHo BB pi3HMX KOHLEHTpauiii Mertakaoniny (10%, 20%, 30%) na Gerton kiacy C60.
OnTuMansHEM BHSABHBCS ckiIax 3 10% mertakaoniny. IIpoBeneHo mopiBHAHHA OeToHIiB KiaciB C20,
C60 Ta C80. BcraHOBIEHO, 1110 BUIII KJIACH MAKOTh KPUXKE PYHHYBaHHS Ta MEHIII NPOTHHU. bamku
cepii b-I, B-II ta Bb-IIl mokaszamu pi3Hi cxemu TpimuHOYTBOpeHHs. Halimenmi MminHicHi
xapakTepucTuku Oynu y 6anox b-1. IIporunu 6eroniB C20 3naunO MeHII y mopiBHAHHI 3 C60 Ta
C80.

1. Kymuk O.B., XKypascokuii O.[1., 2017. MinHicTh Ta CTIHKICTh 10 TPIIIMH THYTHX €JIE€MEHTIB BHCOKOMIITHOTO
6etony. Teopist Ta mpakTHKa Oy/iBETPHIX KOHCTPYKIiH, Bu-myck 1, 199-204
https://repositary.knuba.edu.ua/server/api/core/bitstreams/a85667cb-1617-43£5-9383-eac5105f0d72/content

2. Olena Kutsyk., 2018. Efficiency of use of high-strength concrete in reinforced concrete structures. Transfer of
Innovative Technologies 2018 Vol 1(1), 65-74
https:/library.knuba.edu.ua/books/zbirniki/19/2018 1 1/03.01%20Kutsyk.pdf
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Deformation Characteristics of Reinforced Concrete Structures Made of High-
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Olena Melnychuk, Assistant at the Department of Construction https://orcid.org/0000-0002-
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Yuriy Fedkovych Chernivtsi National University (Chernivtsi)

The aim of this study is to investigate the deformation characteristics of reinforced concrete
structures made of high-strength concrete in order to determine their behavior under load and to
justify their effective use in modern construction. Fig. 1.

1 | .

a b c
Fig.1. Character of the test of cubes: a — concrete class C20; b — concrete class C60; ¢ — concrete class
C80

During the design and preparatory stages, a series of experiments was conducted to determine the
optimal composition of high-strength concrete to ensure high strength, density, and other physical
and mechanical properties. The study considered mixtures using high-quality and readily available
materials, including metakaolin and the superplasticizer STACHEMENT 2597. All components used
were standardized. The study analyzed the impact of metakaolin content (10%, 20%, and 30% by
mass of cement) on the properties of C60 concrete. The test results showed that the optimal addition
is 10%, as higher concentrations led to an increase in the mixture's viscosity and a deterioration in its
strength.

The superplasticizer was used according to technical recommendations. Further experiments
involved producing samples to compare the properties of concrete of classes C20, C60, and C80. The
material's behavior during failure was studied. In the samples of classes C60 and C80, characteristic
brittle failure was observed, with vertical cracks and spalling of the granite aggregate, indicating high
strength and density of the mixtures.

The study investigated the deformation characteristics of reinforced concrete structures made of
high-strength concrete with the addition of metakaolin and the superplasticizer STACHEMENT
2597. The impact of different concentrations of metakaolin (10%, 20%, and 30%) on C60 concrete
was examined. The optimal composition was found to be 10% metakaolin. A comparison of C20,
C60, and C80 concretes was made. It was established that higher-grade concretes exhibited brittle
failure and smaller deflections. Beams from series B-I, B-II, and B-III showed different crack
formation patterns. The lowest strength characteristics were observed in B-I beams. The deflections
of C20 concrete were significantly smaller compared to C60 and C80.

1. Kutsyk O.V., Zhuravskyi O.D., 2017. Strength and Crack Resistance of Bent Elements of High-Strength Concrete.
Theory and Practice of Building Structures, Issue 1, 199-204.
https://repositary.knuba.edu.ua/server/api/core/bitstreams/a85667cb-f617-4315-9383-eac5105f0d72/content

2. Kutsyk Olena, 2018. Efficiency of the Use of High-Strength Concrete in Reinforced Concrete Structures.
Transfer of Innovative Technologies 2018, Vol 1(1), 65-74.
https:/library.knuba.edu.ua/books/zbirniki/19/2018 1 1/03.01%20Kutsyk.pdf
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JIT Haykoso-0ocnionuil incmumym 6yoigenvhux koncmpykyiv (m. Kuig)

Merta JoCIiJDKeHHST — Ha OCHOBI I'€0JIe3UYHHUX JJAHUX CTBOPUTH IIPOCTOPOBY MOJIEIb Ta IOBEPXHIO,
10 HAJJIACTh MOXKJIMBICTh BUSIBUTH 3MIHH BITHOCHO MPOEKTHOTO TOJIOKCHHS Ta MPOBECTH aHAI3
nedopmanifHuX 3MiH, M0 BinOyIHCs B Ipoleci ekciuryarawii. BusHauntu ¢akTuuHe mpocTopose
MOJIOXKEHHSI KOHTYPIB KYIOJy IJISIIALbKOI 3alu OCHOBHOI cueHu HarioHanbHOro axaJaeMiuHOro
npamaTtngHoro Teatpy iMeHi Jleci Ykpainku. JlocmiKeHHS BXOISTH 10 CKIIaay poOiT 3 00CTEKEHHS
TEXHIYHOTO CTaHy KOHCTPYKLIH MOKPUTTS KyNOJIy TJISIALBKOT 3aJIH1.

30BHIIIHIA BUIJISA KYIHOJy DIISAANbKOl 3ai TpHBeIeHO Ha puc. 1. dakThdHa MPOCTOpOBa
MOBEPXHs MOOY0BaHa i30iiHIsIMU 3 KpokoM 150 MM npejicTaBieHo Ha puc. 2.

Puc.1. 3aranpauit BUTIAM Kynony riusaanbkoi 3anu (Goto  Puc.2 daxruuna moBepxHs moOynoBaHa i307iHiAME 3
31 CLIeHH Teatpy) kpoxoM 0.15 M

Kymon risanpkoi 3a1m 0CHOBHOI CLieHH TeaTpy Mae (Gopmy, 1110 HabImKeHa a0 miBcdepu, Tox
JUIst TOro a0W BUSBUTH 3MiHY BiJI IPOSKTHOT'O IOJIOKEHHS MOTPIOHO OTpUMATH (haKTHUHY HOBEPXHIO.
OtpumaHHs (paKTHIHOT MOBEPXHI BUPIIIEHO IUIIXOM KOOPANHYBAHHS KOHTYPIB KYIOJY IS IAIBKOT
3a JIOTIOMOTOI0 TaXeOMEeTpa, TOOTO METOJIOM BUIBHOI CTaHIIT (BUOpaHO ONTHUMAJIbHE MICIIE CTOSHHS
KYTOMIPHOTO TpHUIaay, SIKE JO3BOJUTH 3 JBOX TOYKH BII3HSATH BCHO HEOOXinHy iH(opmaiiro), B
pe3ysbTati 4oro 0yiio OTpUMaHy XMapy TOYOK I10 sIKiif rpadiyHIM ClTOCOOOM BHOKPEMIICHO KOHTYPH
Kymony. JIeTanbHO TEXHOJIOTII0 Fe0/Ie3UYHIX POOIT MpeIcTaBiIeHo B podoTax [1-2].

IInsxoM KaMepaJbHOrO ONPAIOBAHHS OTPHMAHO JETAIbHY IIPOCTOPOBY MOJETb (HaKTHUHOL
MIOBEPXHI KYIOJY IIISJAIbKOI 3] OCHOBHOI CIIEHH TeaTpy, IO Ja€ MOXJIMBICTh OTPUMATH BCi
HEOOXiJHI po3MipH Ta BiIXMJICHHS Bil IPOSKTHOTO HOJOKEHHS. 32 MaTepialaMi MOJEi OTPHMAHO
MOBEPXHIO MO SKiil BJajgOCs BHUSBUTU KPUTWYHI 30HU JedopMmyBaHHs Kymoidy. B wmicus
nedopMyBaHHS BUSIBJICHO MOIMIKO/PKSHHS KOHCTPYKIIH TOKPUTTSL.

1. Cepriituyk, B., SkoBenko, M., Hecrepenko, O., 3opin, €., & benb, 1. (2024). T'eone3nune 3abe3reyeHHs
KOMILIEKCY poOiT 3 obcTexeHHs OyaiBeib, 110 IMOCTPAXKAAIM BHACIIIOK BiificbkoBHMX aiii Ha mpukiami KK
«unacris» B m. Kuesi. Hayka ma 6yoienuymeo, 40(2). https://doi.org/10.33644/2313-6679-2-2024-1

2. 3enenko, €., SIkosenko, M., 3opin, €., Hectepenko, O., & Benb, 1. (2025). I'panuyni nepopmariii reoMeTpHIHHX
rmapaMeTpiB 3€pPHOCXOBHII (METAJIeBHX CHJIOCIB) Ta OIIHKAa iX TEXHIYHOTO CTaHy Ha OCHOBI T'€0/IC3MYHHX
obcrexens. Hayka ma 6yoienuymeo, 42(4). https://doi.org/10.33644/2313-6679-4-2024-3
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State Research Institute of Building Constructions

The aim of the research is to create a spatial model and surface based on geodetic data, which will
make it possible to detect deviations from the design position and to analyze the deformation changes
that have occurred during operation. The objective is to determine the actual spatial position of the
dome contours of the auditorium of the main stage of the Lesya Ukrainka National Academic Drama
Theater.

The research is part of the work on the technical inspection of the dome roof structures of the
auditorium.

The external view of the auditorium dome is shown in Fig. 1. The actual spatial surface,
constructed using contour lines with a 150 mm interval, is shown in Fig. 2.

~ e\ n __k-;T#*

Fig.1. General view of the auditorium dome (photo Fig.2. The actual surface was constructed using
taken from the theater stage) contour lines with a 0.15 m interval

The dome of the auditorium of the theater's main stage has a shape close to a hemisphere.
Therefore, in order to detect deviations from the design position, it is necessary to obtain the actual
surface. This was achieved by determining the coordinates of the dome contours using a total station
through the free station method (the optimal instrument setup location was selected to allow full data
acquisition from two points). As a result, a point cloud was obtained, from which the dome contours
were graphically delineated. The geodetic work methodology is presented in detail in studies [1-2].

Through office processing, a detailed spatial model of the actual surface of the auditorium dome
of the theater’s main stage was generated. This model allows for determining all the necessary
dimensions and deviations from the design position. Based on the model data, a surface was created
that made it possible to identify critical deformation zones of the dome. In the deformation areas,
damage to the dome roof structures was detected.

1. Serhiychuk, V., Yakovenko, M., Nesterenko, O., Zorin, Y., & Ben, I. (2024). Geodetic Support of the Complex of
Works on the Inspection of Buildings Damaged as a Result of Military Actions on the Example of the “Dynasty”
Residential Complex in Kyiv. Science and Construction, 40(2). https://doi.org/10.33644/2313-6679-2-2024-1

2. Zelenko, Y., Yakovenko, M., Zorin, Y., Nesterenko, O., & Ben, I. (2025). Limit Deformations of the Geometric
Parameters of Grain Storage Facilities (Metal Silos) and Assessment of Their Technical Condition Based on
Geodetic Surveys. Science and Construction, 42(4). https://doi.org/10.33644/2313-6679-4-2024-3

154



V Misxcnapoona Haykoeo —npakmuuna koxpepenyis «Byoieni ma cnopyou cneyiaibHo20 NPUSHA4eHH::
cyuacnimamepianu ma koncmpykyiiy (14-16 mpasns 2025 p.)

DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Peakuisi cTajieBoro pezeppyapa Ha BILIUB iMITYJIbCHOTO HABAHTAKEHHSI

Onexcandp I'nimin, Kkawmo. mexH. Hayk, OoyeHm Kagheopu memanesux i Oepes ssHuxX
Koucmpyxyii, https://orcid.org/0000-0003-1697-6473;

Cepeit - Padeywvkuit, acnipanm kagedpu Mmemaieux 1 OepesHux KOHCMPYKYIl,
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Kuiscoruil nayionanvhutl ynisepcumem 6yoienuymea i apximexmypu (m. Kuis)

Meta noCHiIKeHHST — TPOBECTH OI[HKY peakilii 3aMKHEHOI CTalieBOi €MHOCTI Ha BIUIHB
IMITYJIbCHOTO HABaHTAXKEHHSI, BUKIIHKAHOTO BUOYXOM, BUKOHATH TOPIBHSHHS €KCIIEPHMEHTAIbLHUX
JAHUX 3 TEOPETHYHHMH, OTPHMAHUMH B pE3yJbTaTi pPO3PaxyHKy. 3OBHIMIHIA BUIJISI
EKCTIePUMEHTAIBHOI MOJIEJ JI0 1 MiCIsl eKCIIePUMEHTY HaBe/eHi Ha puc.] Ta 2

Puc.1 - BaranbHuil BUNIIST BUIPOOYBAHOT KOHCTPYKILIT Puc.2 - Buj Ha KOHCTPYKIIIFO MICISI EKCIIEPHMEHTY

VY paMKax eKCIepHMEHTaIbHOrO JOCIIKEHHS, IPOBEICHOr0 Y BUOYX03aXHCHOMY IPHUMIIICHHI,
OyJI0 BUBYCHO MOBEIIHKY LHJIIHIPHUYHOI'O CTAJICBOTO pe3epByapa Iicisi Al peaJbHOro BHOYXY.
€MHICTh 0€3 JOJaTKOBHUX E€JIEMEHTIB KOPCTKOCTi (pedep, JIIOKIB), Ma€ HACTYIHI T'€OMETPUYHI
XapaKTePUCTUKH:

- niametp — 219 mMm;

- noBxkuHa — 880 MM;

- TOBIIMHA CTIHKK — 1,0 MM.

PesepByap Oyi10 BCTaHOBIIEHO TOPH30HTAIIBHO HAa METAJIEBI OTIOPHU Ha BiICTaHi 2,5 M BiJl eMILIEHTPY
BUOYXyY (110 TOpHU30HTAII) Ta Ha BUCOTI 1,2 M Bif mijioru. Bubyx 3aificHioBaBcs Ha Bucoti 0,2 M Bix
1 UIOT .

Maca BuOyxoBOi pe4OBHHH Yy TPOTUIIOBOMY €KBiBaJICHTI cTaHOBMIA 1,4 Kr.

B pesynbrati ekcriepuMeHTy 0yJI0 OTPUMAHO XapakTep 1 BeIHUUHH AeOopMalliii JUist MOPiBHIHHSI
3 pe3yIbTaTaMH HEIIHIHHOTO PO3pPaxyHKY.

1. bimuk C.I., bimuk A.C., Hyxnuii B.B. 3aranpha xnacudikaiis yrapHuX HaBaHTa)KEHb Ha 3aXHCHi cropyan //
Kommuiekcue 3a6esnedenns skocTi Texuosoriunux mnpouecis (K3ATIIC — 2023): marepianu Te3 nonosigeit XIII
MiKHapoHOI HayKOBO-TIpakTH4HOT KoH(pepeHuii (M. YepHiris, 25-26 tpaBus 2023 p.) : y 21. / HanionansHuit
ynisepcuter “UepHiriscbka mositexuika” [Ta in.] — Yepniris : HY “Uepnirisceka nomirexnika”, 2023. — T.2. —c.
151-153 Te3u onnaitn

2. KoGies B.I'., (2006). Ocob6muBocTi rehopmyBaHHs Ta BU3HAYCHHs crenu(iky BIUIMBY 30BHINIHIX (aKTOpiB Ha

000JIOHKOBI CHCTEMH IIPH IMITYJIBCHHX JisIX BEIMKOI MoTykHOCTi. Omip MaTepiaiis i Teopis criopya. 2006, Ne78, c.
82-89.
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and Wooden Structures, https://orcid.org/0000-0003-1697-6473,

Serhii Radetskyi, Postgraduate of the Department of Metal and Wooden Structures,
https://orcid.org/0000-0001-5798-1987

Kyiv National University of Construction and Architecture
The purpose of this study is to evaluate the response of a closed steel tank to impulsive loading

caused by an explosion and to compare the experimental results with theoretical calculations. The
appearance of the experimental model before and after testing is shown in Fig. 1 and 2.

Fig.1 - General view of the tested structure Fig.2 - View of the structure after the experiment

Within the experimental study, carried out in a blast-protected facility, the behavior of a cylindrical
steel tank subjected to a real explosion was investigated. The tank, without additional stiffening
elements (ribs, hatches), has the following geometric characteristics:

- Diameter — 219 mm;

- Length — 880 mm;

- Wall thickness — 1.0 mm.

The tank was placed horizontally on metal supports at a distance of 2.5 meters from the explosion
epicenter (horizontally) and at a height of 1.2 meters above the floor. The explosion was initiated at
a height of 0.2 meters above the floor.

The mass of the explosive material, in TNT equivalent, was 1.4 kg.

As a result of the experiment, the deformation patterns and magnitudes were obtained for
comparison with nonlinear calculation results.

1. Bilyk S.I., Bilyk A.S., Nuzhnyi V.V. General classification of shock loads on protective structures // Comprehensive
Quality Assurance of Technological Processes (CQATP — 2023): Abstracts of the XIII International Scientific and
Practical Conference (Chernihiv, May 25-26, 2023), in 2 volumes / National University “Chernihiv Polytechnic” [et
al.] — Chernihiv: NU "Chernihiv Polytechnic", 2023. — Vol. 2. — P. 151-153. (Online abstracts)

2. Kobiiev V.H. (2006). Features of deformation and determination of the influence of external factors on shell systems
under high-intensity impulsive actions. Strength of Materials and Theory of Structures, 2006, No. 78, pp. 82-89.
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Bikmop Kapaean, rano. mexn. Hayk, OoyeHm Kapeopu NpOMUCIOBO20, YUBLIbHO20
6yoisHuymea ma indceneprux cnopyo, https://orcid.org/0000-0002-8261-692X

Maxkcum Jlazapenko, acnipanm rageopu npoOMUCIO8020, YUBIIbHO20 OyOisHUYmMSEa ma
inoceneprux cnopyo, https://orcid.org/0009-0003-1350-462X

Hayionanvhuil ynisepcumemy 600H020 20cnodapcmea ma npupoookopucmysanns (m. Pisne)

Mera J0CHiKEHHST — PO3POOJICHHSI TEXHIYHUX PIillICHb, YAOCKOHAICHHS METOAUKH PO3PAXyHKY
MIJICHJICHHST KOHCTPYKIi Ta po3poOJICHHS pPEKOMEHJAliili 3 BiJHOBJICHHS EKCILTyaTauiiiHol
MPUIATHOCTI BEIUKOMAHEIBHUX 00’ €KTIB, MOIIKOIKEHHX BHACIIIOK BOEHHHX Jil.

PyifHYBaHHS BEIMKOIAHEIBHOTO KHTIOBOTO OYAMHKY 1 BIANITYBAaHHS 3aKIaIHOI AeTali Ha
XIMIYHUX aHKepax B iCHYIO4ii maHesni HaBeaeHi Ha puc. 1 Ta 2.

Puc.1 - PyiinyBaHHS YyacTUHH Puc.2 - TlinroToBiena 1o 3BaploBaHHS

6JI0K-CEKIIii BETMKOIAHEIbHOT0 6araToKBapTHPHOTO 3aKJIa/Ha JeTallb Ha XIMIYHUX aHKepax
JKHTIIOBOTO OYIMHKY Ha BYJI. 3aXHCHUKIB YKpainu, 25
B M. YMaHb

ByniBi, 1110 3a3Ha1M 3HAYHUX MOLIKO/DKEHb (PYHHYBaHHS 3 00BaJCHHSAM YaCTHHH KapKacy) mpu
BiJTHOBJICHHI NOTPEOYyIOTh TEXHIYHUX PIllICHb, SIKI BPAXOBYIOTh 00 €THAHHS Ul CILJIBHOI POOOTH
ICHYIOYMX Ta HOBHX maHeseil. KIFO4YOBUM NUTaHHAM BiTHOBICHHS €KCILTyaTalliiHOI MPHAATHOCTI
HaHeIbHUX OYAMHKIB I0CTa€ HAAIHICTE BY3JIB 3'€JHAHb ICHYIOUHX i HOBHX HaHeneil. Po3paxyHku
3aKIaJHUX JeTalell MaloTh BpaxyBaTH poOOTYy OymiBIi IIpU BiZHOBICHHI, KOIU B EIEMEHTAaX
3aKIaJHUX JAeTallell BUHUKAIOTh 3yCHIUIL BUKIMKAaHI Pi3HHM HAIpyXCHO-Ie()OPMOBAaHUM CTaHOM
icHyt040i Ta HOBOT yacTHHH OyaiBii. KpinjeHHs HOBUX 3aK/IaJHUX AeTalell 10 iICHYI0UnX naHenei
MOTPeOYIOTh EKCIIEPUMEHTAIBHOT MIEPEBIPKH.

1. Menamenko IO., Cmiocaperko 0., Imenko 0., TlaBmiok €. JlocBin oOCTeKEHHs MaHENbHUX OYIMHKIB,
TOIIKODKEHHX BHACHIOK OoifoBux niif. Hayka ta OyniBauurso, 2023, Ne2, c. 41-50.
https://doi.org/10.33644/2313-6679-2-2023-5

2. Bambypa A.M., loporoBa O.B. OcobnuBocti npoekryBanust 3a JICTY 9294:2024 «Po3paxyHok OyamiBenb Ha
CTIMKICTB 10 Iporpecyrodoro (HenponopuiiiHoro) o6sanents». Hayka ta GyaiBuuirso, 2024, N3, c. 10-14.
https://doi.org/10.33644/2313-6679-3-2024-2

3. MeromKa 1poBeeHHs oOcTeKeHHs Ta ohopmieHHs iforo pesyabraris. Hakas MinictepcTsa po3BuTKy rpomMaj ta
TepuTopiil Yrpainu Bix 06 ceprus 2022 poky Ne 144.

4. ICTVY 9273:2024 HacranoBa 1010 00cTeKeHHs OyiBenb i COpy/ [ulsi BU3HAYCHHS Ta OLIHIOBAHHS IXHBOTO
TEXHIYHOTO cTaHy. MexaHiunuii omip Ta crilikicts — K.: JITT « YkpHIHILL», 2024.
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Maxim Lazarenko, graduate student of the Department of Industrial, Civil Engineering and
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The National University of Water and Environmental Engineering (Rivne)

The purpose of the research is to develop technical solutions, improve the methodology for
calculating the strengthening of structures and develop recommendations for restoring the operational
suitability of large-panel objects damaged as a result of military actions.

The destruction of a large-panel residential building and the installation of the inserts on chemical
anchors in the existing panel are shown in Fig. 1 and 2.

Fig. 1 - Destruction of part of the block section of Fig. 2 - Prepared for welding insert
a large-panel multi- apartment building at 25 Zakhisnyky on chemical anchors

Ukrainy St. in Uman

Buildings that have suffered significant damage (destruction with the collapse of a part of the
frame) during restoration need technical solutions that take into account the combination of existing
and new panels for joint work. The key issue in restoring the operability of panel buildings is the
reliability of the joints of existing and new panels. Calculations of embedded parts must take into
account the operation of the building during restoration, when forces arise in the elements of inserts
caused by different stress-deformation conditions of the existing and new parts of the building.
Fastening new inserts to existing panels requires experimental verification.

1. Melashenko Yu., Slyusarenko Yu., Ishchenko Yu., Pavlyuk Ye. Experience in surveying of panel houses damaged
from hostilities. Science and construction, 2023. https://doi.org/10.33644/2313-6679-2-2023-5

2. Bambura A.M., Dorogova O.V. Features of design according to DSTU 9294:2024 “Calculation of buildings for
resistance to progressive (disproportionate) collapse”. Science and Construction, 2024
https://doi.org/10.33644/2313-6679-3-2024-2

3. Methodology for conducting inspections and documenting its results. Approved by the Order of the Ministry of
Community and Territorial Development of Ukraine dated August 6, 2022, No. 144.

4. DSTU 9273:2024 «Nastanova shchodo obstezhennia budivel i sporud dlia vyznachennia ta otsiniuvannia yikhnoho
tekhnichnoho stanu. Mekhanichnyi opir ta stiikisty K.:DP DNDIBV, 2024
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Hayionanenuii ynisepcumem «J/logiscoka nonimexnika» (M. J1o6is)

MeTo10 IIbOT0 AOCIIIKEHHS € JOCIIKEHHS CTaHy 3113006 TOHHHUX 0aJIOK 32 JOIIOMOTOI0 METOIY
mugpoBoi Kopemamii 300pakeHb. OCHOBHUM 3aBJaHHAM € IIOPIBHAHHS Ta aHAI3 OTPUMAaHUX
eKCIIePUMEHTAIbHUX JIaHUX 13 TEOPeTUYHMMH pe3yJbTaTaMu 3alli300€TOHHOT Oallky  Iij
HaBaHTaXCHHAM. OTpHMaHi B IIpOLECi EKCICPHMEHTY pPEe3yNbTaTH IiITBEPIUKYIOTh BHCOKY
e(eKTUBHICTh 1[OI0 METOAY Ul OLIHKH AedopMaliil 3ai300eTOHHUX KOHCTpYKLii. BisyasnbHe
300pakeHHs Ta KOHCTPYKTHBHY CXEMY 3aJ1i300€TOHHOI OaIK1 MO>KHA 1M0OaYNTH HA pHCYHKax | 1 2.

Puc.1 - BaranbHuil BUIJIs 3a51i300€TOHHOT Gaiku Puc.2 - Po3zpaxyHKkoBa MOJIeNb 3aI1i300€ TOHHOT

Ganku

ExcrniepuMeHTanbHe  JOCHIKEHHS POBOAMIOCH B naboparopii kadempu OyaiBenbHHX
KOHCTPYKILiif Ta MocTiB HanioHansHOTO yHIBEpCHTETY «JIbBIBChKA MOJIITEXHIKa»

Kiac 6erony C35/45, L=2100Mm ,h=200Mm,b=100mmM,poboua apmatypa-1016A500C,cTucHyTa
3oHa- 2006 A240.HaBanTakeHHsI OIJICHO Ha KiJIbKa eTariB, ke 301U1biyBain 3 KpokoM 0.1Mui Big
0uiKyBaHOI HECy4o0l 3/1aTHOCTI.

ExcrniepuMeHTanbHe JOCHIIKeHHS Oyj0 MPOBEJACHO 3 BHUKOPUCTAHHAM METOAy UU(BPOBOT
KOpeJsLii 300pakeHsb, 110 JTI03BOJIMIIO 3/IICHUTH TOYHE BUMIpPIOBaHHS JedopMaliiid 3a1i300eTOHHOT
OaJIky Ml HABaHTAXXEHHSIM. 3a JIOIMOMOTOI0 1[LOT0 METOAY Oy oTpuMaHi jaedopmaliii CTUCHYTOL
30HU OETOHY, apMaTypu Ta MPOruHK Oaiku. [IOpiBHAHHS OTPUMAHUX EKCIEPUMEHTAIbHUX JaHUX 3
TEOPETUYHUMH pe3yJIbTaTaMM, I0KA3aJ0 BHUCOKY TOYHICTh Ta Y3TOJUKEHICTb, IiATBEPIKYIOUH
e(eKTHBHICTh MeTOMy HHU(POBOI KOpEsiii 300pa)keHb Ul OLIHKK HAIpYKEHO-1e(hOpMOBaHOTO
CTaHy 3aIi300€TOHHHX KOHCTPYKLid. Ha ocHOBI oTpuMaHMX 3HaueHb MOOymoBaHi rpadiky, IO
BiZIOOpaKaroTh MOPIBHSIHHS €KCIEPUMEHTAIBHUX Ta TEOPETHYHUX JAHUX. PI3HUIIA MiX 3HAYCHHAMU
3HAXOJUTHCS B Mexax 7%, IO € B MEXaX TOIIyCTHMOI moxubku. OTpHMaHi pe3ynbTaTi CBiT4aTh IPo
JIOCTOBIPHICTH ~METO[iB, BHKOPDHCTAHHX NI aHANi3y HAIpPyXEHO-Ie(OPMOBAHOTO CTaHY
3aJ11300€ TOHHHX OAJIOK.

1. Mykhalevskyi N.A., Vegera P.1., & Blikharskyy Z.Y. (2023). Anaii3 BIUIMBY HEPIBHOMIPHHX ITOLIKO/KCHb
3aJ1300eTOHHOT GaJIKK 3 BUKOPUCTAHHAM MporpamHoro kommiekcy FEMAP. Cydacue OyaiBHUIITBO Ta
apxitekrypa, 6, 54-61. http://visnyk-odaba.org.ua/2023-06/6-6.pdf

2.Blikharskyy, Yaroslav & Kopiika, Nadiia. (2020). Merox mmdpooi kopensiii 300pakenb s aHanizy
3a1i300eTOHHNX KOHCTPYKIiH. Bicauk Onecpkoi neprxaBHOT akajgemii OyniBHHITBA Ta apXiTekTypH, (78), 27-33.27-
33 http://visnyk-odaba.org.ua/2020-78/5.pdf
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Experimental Study of Reinforced Concrete Beams Using Digital Image
Correlation
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Nazarii Mykhalevskyi, postgraduate student at the Department of Structural Engineering and
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Lviv Polytechnic National University

The aim of the study is to assess the condition of reinforced concrete beams using the digital image
correlation method. The main task of the research is to process and compare experimental and
theoretical deformation data of a reinforced concrete beam under load. The obtained results during
the experiment confirm the effectiveness of this method for assessing the deformations of reinforced
concrete structures. The appearance and structural scheme of the reinforced concrete beam are shown
in Figures 1 and 2.

AL ¥

o
Fig.1.General view of the reinforced concrete Fig.2. Calculation model of the reinforced
beam concrete beam

The experimental study was carried out at the Laboratory of the Department of Building Structures
and Bridges, Lviv Polytechnic National University. The tested element reinforced concrete beam.
Concrete class C35/45 and the following dimensions L=2100 mm, h=200 mm, b=100 mm. The tensile
reinforcement consisted 1016 A500, and the compression zone reinforced with 206 A240 bars. The
loading was applied in stages with an increment of 0.1My; of the expected ultimate load-bearing
capacity.

The experiment was conducted using the Digital Image Correlation (DIC) method, which enabled
accurate, non-contact measurements of deformations in the reinforced concrete beam under loading.
Strains in the compressed concrete zone, tensile reinforcement, and beam deflections were obtained
through DIC analysis. Comparison of the experimental data with theoretical calculations
demonstrated high accuracy and consistency, confirming the effectiveness of the Digital Image
Correlation method for evaluating the stress-strain behavior of reinforced concrete structures. Graphs
were constructed based on the obtained data, illustrating the correlation between experimental and
theoretical results. The deviation between the experimental and theoretical values did not exceed
7%.The results validate the reliability of the methods used for analyzing the stress-strain state of
reinforced concrete beam

1. Mykhalevskyi N.A., Vegera P.I., & Blikharskyy Z.Y. (2023). Analysis of the effect of uneven damage ofreinforced
concrete beam using the FEMAP software package. Modern construction and architecture, 6, 54-61.
http://visnyk-odaba.org.ua/2023-06/6-6.pdf

2. Blikharskyy, Yaroslav & Kopiika, Nadiia. (2020). Digital image correlation method for analysis of reinforced
concrete structures.. Bulletin of Odessa State Academy of Civil Engineering and Architecture. 27-33.

http://visnyk-odaba.org.ua/2020-78/5.pdf
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Mera [OCHiKEHHST — PO3POOJICHHS TMPOIMO3MIIH 00 HOPMYBaHHS HaBaHTAXEHb BiJ il
BHOYXOBOT XBUIIL.

UMHHI HOPMHU NPOCKTYBAaHHS JOMYCKAIOTh MPSMUIl TMHAMIYHUN aHaJi3 KOHCTPYKLIH 3aXUCHUX
CIIOPY/L TpH pO3paxyHKy Ha Jit0 ymaproi moBiTpsHoi xBwimi (m.14.1.1.4 [1]). Tlpu upomy
perylaMeHTyeThCsl IPUMMaTH HaAMIPHUH THCK TOBITPsIHOT ynapHOI xBuili APex 3a1exHo BijJ Kiacy
cxoBuia abo rpymnu nportupamiamiiHoro ykpurts (momatok A [1]). Lli HOpMH BCTaHOBIIOIOTH
IPHUBEICH] HABAHTAKEHHS [JIs1 BiIMOBIIHUX KOHCTPYKTUBHHX CXEM, a TAKOK BU3HAUAIOTh 3HAUCHHS
Koe(ilieHTy JUHAMIYHOCTI 3aJ]1€XKHO BiJl BUJY KOHCTPYKLIiH (MOKPUTTS, CTiHM ToI0). Binomo, 1o
Koe(ilieHT TUHAMIYHOCTI 3aJI€XKUTh BiJ] Mepioy KOJIMBaHb KOHCTPYKIi, o He BpaxosaHo y JIBH i
1€ € CyTTEBUM HEJOJIIKOM IIUX HOPM.

Jlnst BUKOHAHHS JMHAMIYHMX PO3PaxyHKIB Ha JiI0 yJapHOI MOBITPSAHOI XBHJI Yy 3arajlbHOMY
HEOOXiJHO 3HATU: 3HAYCHHS TPOTUJIOBOIO CKBIBaJIeHTY W, KI'; BIJICTaHb Bijl CIIOPYAHU [0 CHILCHTPY
BuOyxy R, M; Gpopmy kpuBoi THCKy (JTiHiliHA 4n HelliHilHA); yac Aii HABAHTAXKEHHS, C.

[pononyeThest 3Ha4eHHS W BCTAaHOBHUTH 110 HAi{01IBIIOMY TPOTUIOBOMY €KBiBAJICHTY 3BUYAHIX
3ac00iB ypakeHHSI Wmax=863 Kr. Lle 3Ha4eHHs1 HOBMHHO Bi/JIIOBIIaTH MaKCUMAJILHOMY IIPHBEICHOMY
HaBaHTaXeHHIO APcx 3a Hopmamu [1]. To6TO HEOOXiHO BU3HAYUTH TaKy BiJCTaHb JO CHILEHTPY
BHOYXY, 3 SKOI IpsAMUH THUCK ynapHOI moBiTpsHOI XBWIi P nopiBHIoe APex mpu Wmax=863 kr. B
pe3ysbTaTi MpoBeIeHNX 00UNCIIeHb 32 METOANKOI0 amepukancbkoro crannapty UFC orpumano, mo
it kinacy cxoBull A-I P=APcx npu Wnax=863 kr Binctane R moBuuHa ckiagatu 15 m. Tlpn
MPUHHATTI Y PO3paxyHOK ONMmK4oi BiJCTaHI 3a JAHOrO €KBIBAJIEHTY TPOTHIY HAaJMIPHUH THCK
MOBITPSIHOT XBUJI Oy/ie OUIBIIMM, HiXK TOH, SIKMH BUMAraloTh YUHHI HOpMH npoekTyBaHHs [1]. any
BIZICTaHb TIPONIOHYETHCSl TMPUHHATH JUIS IHIIMX THIIB CXOBWII Ta BCTAHOBUTH BIAIOBIAHI 1M
eKBiBaJICHTH TPOTHIY. OCTaTOYHO BCTAHOBJICHI HACTYIIHI IapaMeTPH YIApPHUX IOBITPSHUX XBHJIb:
A-I1(500 xIla) — Wa1=863 xr; A-II (300 xIla) — Wa.n=441,9 kr; A-III (200 xIla) — Wa.m=296,0 xr;
A-IV (100 xITa) — Waav =107,9 xr. Lli nani K03BOJISIOTE BUKOHYBATH AWHAMIYHHI pPO3paxyHOK
3axucHUX cropyx y Bianosianocti 3 JIBH [1]. Hait0inbur TouHuit po3paxyHOK nependayae 3aBIaHHsI
BEJIMKOI KUIBKOCTI TOYOK INPHUKIAJAHHS BHOYXOBOTO HABAHTA)XCHHS HA Pi3HIH BHUCOTI HABKOJIO
nepuMeTpy OyaiBii mpy BcTaHOBIEHiH BincTani R=15 m. Takuif po3paxyHOK JOBOJII TPYAOMICTKUIA,
TOMY TPOIIOHYETHCSI MPUAMATH PIBHOMIPHHI PO3IMOJLT TUCKY (B MekaxX TOYkH Maxa, sk MpaBUIIo
Ui OyniBenb Bucotoro o 10 M). Takox pEeKOMEHIYEThCS BCTAHOBHTH OallbHICTH YAapHUX
MOBITPSIHUX XBWIIB Bif 1 1o 10 Gais.

HaBeneni mpomo3wuifii J03BOJISIIOTH PEKOMEHIYBATH CIPOIICHUN CHEKTPAIbHUN METOI [0
PO3paxyHKy 3aXHCHUX CIIOPYZ, CYTb SIKOTO IOJIATa€ y BU3HAUCHHI 1HEPLIMHUX CHIJI 33 JJOIOMOTI'OIO
3aIeKHOCTI KOoe(iI[ieHTa AMHAMIYHOCTI Bil MEPiOAy KOJMBaHb 3 BIAMOBITHUMH KOPUTYIOUHMU
koedimieHTaMu. Y TPYXKHIH MOCTAHOBLI BiH JO3BOJISIE OTPUMYBATH pE3yJbTaTH, sKi g00pe
KOPEJIIOIOTHCS 13 IIPSIMIM IHTErpyBaHHSAM PiBHSIHb PyXY, HaBiTh Ul OaraToMacoBux cucteM. Jlo Toro
K € MOYITUBICTh BUKOPUCTAHHS HOPMOBaHHX rpa()ikiB AHWHAMIYHOCTI (SIKi po3polIieHi aBTOpamu)
3aJIKHO BiJI IEPioly KOJIMBAHb Il BCTAHOBJICHOT OAIBHOCTI yAapHUX MOBITPSHUX XBHJIb.

1. JIBH B.2.2-5:2023 "3axucHi ciopyau 1uBibHOT0 3axucty."[Yuni Bin 01.11.2023] - Kuis: [epskaBHe areHTCTBO
3 MUTaHb OYIIBHUITBA Ta )KMTIOBO-KOMYHAIBHOTO TOCTIOapcTBa YKpainu, - 2023. — 122 c.

2. Unified Facilities Criteria (2008), “UFC 3-340-02 Structures to Resist the Effects of Accidental Explosions®, U.S.
Army Corps of Engineers, Naval Facilities Engineering Command, Air Force Civil Engineer Support Agency.
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Current design standards allow for direct dynamic analysis of protective structure structures when
calculating for the action of a shock air wave (clause 14.1.1.4 [1]). In this case, it is regulated to take
the excessive pressure of the air shock wave APeX depending on the class of the storage or group of
the anti-radiation shelter (Appendix A [1]). Standards [1] establish the reduced loads for the
corresponding structural schemes, and also determine the value of the dynamic coefficient depending
on the type of structures (covering, walls, etc.). It is known that the dynamic coefficient depends on
the period of oscillations of the structure, which is not taken into account in this regulatory document,
this is a significant drawback of the standards.

To perform dynamic calculations on the effect of a shock air wave, it is generally necessary to
know: the value of the TNT equivalent W, kg; the distance from the structure to the epicenter of the
explosion R, m; the shape of the pressure curve (linear or nonlinear); the duration of the load, s.

It is proposed to set the value of W according to the largest TNT equivalent of conventional
weapons Winax=863 kg. This value should correspond to the maximum reduced load APex according
to standards [1]. That is, it is necessary to determine such a distance to the epicenter of the explosion
at which the direct pressure of the shock air wave P is equal to AP¢x at Wna =863 kg. As a result of
calculations carried out using the American standard UFC, it was obtained that for the class of storage
facilities A-I P=APcx at Wnax=863 kg, the distance R should be 15 m. When taking into account the
closer distance for a given TNT equivalent, the excess air wave pressure will be greater than that
required by the current design standards [1]. It is proposed to take this distance for other types of
storage facilities and establish the corresponding TNT equivalents. The following parameters of
shock air waves have been finally established: A-I (500 kPa) — Wa.1=863 kg; A-II (300 kPa) — Wa.i1
=441.9 kg; A-III (200 kPa) — Wa.m1 =296.0 kg; A-IV (100 kPa) — Wa.iv =107.9 kg. These data allow
for dynamic calculation of protective structures in accordance with the DBN [1]. The most accurate
calculation involves setting a large number of points of application of the explosive load at different
heights around the perimeter of the building at a set distance R=15 m. Such a calculation is quite
laborious, therefore it is proposed to assume a uniform pressure distribution (within the Mach point,
as a rule for buildings up to 10 m high), as regulated by current standards when using the quasi-static
calculation method. It is also recommended to establish the score of shock air waves, which will allow
normalizing explosive loads from 1 to 10 points. The above proposals allow us to recommend a
simplified spectral method for calculating protective structures, the essence of which is to determine
inertial forces using the dependence of the dynamic coefficient on the oscillation period with
appropriate corrective coefficients. This method allows us to reduce complex equations of motion to
a much smaller number in the frequency domain. In the elastic formulation, it allows us to obtain
results that correlate well with direct integration of the equations of motion, even for multi-mass
systems. In addition, it is possible to use normalized dynamic graphs (developed by the authors)
depending on the oscillation period for the established shock air wave score.

1. State Building Codes of Ukraine. (2023). DBN V.2.2-5:2023 "Protective Structures of Civil Protection." [Effective
from 01.11.2023]. Kyiv: State Agency for Construction and Housing and Communal Services of Ukraine. 122 p.
2. Unified Facilities Criteria (2008), “UFC 3-340-02 Structures to Resist the Effects of Accidental Explosions®, U.S.

Army Corps of Engineers, Naval Facilities Engineering Command, Air Force Civil Engineer Support Agency.
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MeTa mOCHiKCHHS — pO3poOKa ONTHMAJIbHOI PO3PAXYHKOBOI MOJENi 3aXHCHHX CIIOPYI,
3acobamu LIRA-FEM, st OIiHKK BIUIMBY HAJJTHIIIKOBOTO THUCKY BHOYXOBOI XBWJI. Po3paxyHku
Oyrno mposeneHo BianosiaHo 10 Bumor JIBH B.2.2-5:2023 "3axucHi cnopyau HUBUIBHOTO 3aXUCTY"
[1].

CraHOM Ha CHOTO/IHI 3aCTOCYBAaHHS 3aXUCHUX CIIOPY/ HA0yBatOTh 3HaUHKUX MacTabis. OcobimBa
yBara MpUAUISETBCS JOCTIIKEHHIO MIIHOCTI Ta CTIMKOCTI cropya. MIIHICT CHOpYAM MOXKHA
JIOCITIJKYBATH MPOBEACHHSM HAaTypHUX BUIPOOYBaHb 200 BUKOHAHHIM YHCEIBHOTO MOJICIIOBAHHSI.
Bunpooysansaum nenrpom I JJH/IIBK nocTiiiHO mpoBOAsSTECS HATYPHI BUIIPOOYBAaHHS 3aXUCHHX
cropya pizHoi KoHiryparii Ta npusHaueHHs (puc. 1, a, 6). B cBoro uepry Taki BUIPOOYBaHHS
OyBarOTh JOCHTH JIOPOTOBApTICHUMM 4Yepe3 JIOTICTUYHY ckiagoBy. Came TOMY 4YHCelbHE
MOJICIIOBAHHS € Jy)KE aKTyaJbHUM aHaJOrOM ITPOBE/ICHHS BUIPOOYBaHb JUIsl OL[IHKH MIIIHOCTI Ta
CTIHKOCTI 3aXHCHUX CIIOPY/IL.

B 3aiexHOCTI BiZl YMOB BCTAHOBJICHHSI, CKCILTyaTallil Ta KJIACy 3aXMCHUX CIIOPYI BOHH OyIyTh
3a3HABATH Pi3HOTO TUCKY BiJI HOBITPSHOT y/1apHOI XBHUIi.

a o 8
Puc.1 — ®dparMenTH 3aXKCHOT CIIOPY/H: a) BUIIPOOYBaHHs B M. 3anopixoks, 2024 pik; 6) BunpoOysatHs B M. KuiB,
2025 pik; B) CKiHUEHO-€JIEMEHTHA MOJIEITb
Jnst po3poOku  ckiHueHHOT Mozeni Oyno oOpaHe KOHCTPYKTHUBHE PpIIICHHS I1ONEpPeIHbO
BUIIPOOYBaHOTO (hparMeHTy 3axucHOI crnopynu (puc.l, 0). it eIeMeHTiB po3paxyHKOBOI CXeMH
Oynau TpUHHATI NPOEKTHI 3HA4YEHHS XapaKTEepHCTUK MatepiamiB Ta 3amani B IIK LIRA-FEM
HEJHIHHUMU. 3aBaHTaXKEHHS KOHCTPYKLIN NPUHHATO HENiHIHHUM, 5K 1 Ipu BUNpoOyBaHHIX. s
PO3paxyHKIB 3aXUCHUX CHOPY/A HE MO)KHA BHKOPHCTOBYBATH CTAaTUYHE 3aBAHTAXKEHHS B 3B’SI3KY 3
OTPUMAaHHSIM HEKOPEKTHHUX PE3YNbTATiB, sIKi HE BiI0OOpakaroTh PealliCTUYHy POOOTY KOHCTPYKIIIH.
3a pe3yabTaTaMu MMPOBEICHUX po3paxyHKiB Oyno orpumano HJIC (HanpyxkeHo-modopMoBaHuMit
CTaH) 3aXHCHUX CIOPYJ, PO3TAIIYBAaHHS i IMMPUHY PO3KPHUTTS TPIIIMH Ta BCTAHOBJICHO HaWOLIBII
OINITUMAJIbHY PO3PAaXyHKOBY MOJIEINb, KA BiITBOPIOBAJA XapakTep poOOTH Ta CTYIiHb MOIIKOIKEHb
KOHCTPYKILIH Ii/1 yac BUPOOYBaHb.

1. IBH B.2.2-5:2023. 3axucHi cnopyay IMBITLHOTO 3aXucTy: 3i 3miHo0 Ne2. Bup. odin. Kuis: M-Bo po3BHTKY
TpOMaji, TepuTopiii Ta iHdpacTpykTypu Ykpainu, 2025. 124 c.
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The aim of the research is to develop an optimal computational model of protective structures
using LIRA-FEM to assess the impact of overpressure from an explosive wave. The calculations were
carried out in accordance with the requirements of DBN V.2.2-5:2023 "Protective Structures of Civil
Protection" [1].

To date, the use of protective structures has been gaining significant scale. Special attention is
given to studying the strength and stability of structures. The strength of a structure can be
investigated through full-scale testing or numerical modeling. The Testing Center of the State
Research Institute of Building Constructions (SE SRIBC) continuously conducts full-scale tests of
protective structures of various configurations and purposes (fig. 1, a, b). These tests, however, can
be quite costly due to logistical factors. Therefore, numerical modeling serves as a highly relevant
alternative to conducting physical tests for evaluating the strength and stability of protective
structures.

<4 AN
a b c

Fig. 1 — Fragments of a protective structure: a) testing in Zaporizhzhia, 2024; b) testing in Kyiv, 2025; c) finite
element model.

To develop the finite element model, a constructive solution of the previously tested fragment of
the protective structure was chosen (fig. 1, b). For the elements of the calculation scheme, the design
values of material characteristics were accepted and assigned as nonlinear in the LIRA-FEM
software. The loading of the structures was taken as nonlinear, as in the tests. Static loading cannot
be used for the calculations of protective structures due to the incorrect results it produces, which do
not reflect the realistic behavior of the structures.

As a result of the calculations, the stress-strain state (SSS) of the protective structures was
obtained, including the location and width of crack openings, and the most optimal computational
model was established, which reproduced the behavior and degree of damage of the structures during
the tests.

1. DBN V.2.2-5:2023. Protective Structures of Civil Protection: with Amendment No. 2. Official ed. Kyiv: Ministry
for Communities, Territories and Infrastructure Development of Ukraine, 2025. 124 p.
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byniBenbHa rany3b € OCHOBOIO €KOHOMIUHOTO 3pocTaHHs. OYiKyeThCsl, 110 MICIs 3aBEpLICHHS
BOEHHOT'O CTaHY KpaiHa 3iTKHETHCS 3 MAaCIITaOHUMH 3aBJaHHAMHU BIJHOBIICHHS IHOPACTPYKTYpPH Ta
Oy/iBeNb CIEMianbHOTO MpU3HAYCHHSI. METO JOCHI/KCHHs € aHali3 mpo0iieM Ta MPOMO3uIli ix
BUpPILIEHHS Yy MIArOTOBLI MaHOYTHIX iH)KeHEepiB-Oy/IiBEIbHHKIB B KOHTEKCTI HEIOCKOHAJOCTI
BU3HAYEHHS JIHCHOCTI TPYIOBUTPAT, L0 BiJNOBIAAIOTL peaisiM, IIpU 3BECHHI OyIiBesIb Ta CHOPY/.

3100yBayi, BUKOHYIOYM KypCOBI Ta JIUIUIOMHI HMPOEKTH, YacTO MOKJIANAIOThCS HA 3acTapiii
METOJIMKH Ta MaTepiaiiu, siki 0a3yrThCs HAa JOCBIJI MOMEPEIHIX ITOKOIIHb 1 BiJOOpaKeHi B TAKUX
HOPMaTUBHUX JOKyMEHTaX, Ik €1uni Hopmu 1 po3uinku (€HiP). Lli rokymeHTH, X04 i Jal0Th 3MOTy
BU3HAYUTU TPYAOBUTPATH IPU 3BEACHI TUIOBMX Oy/iBesib, HE MICTATh JaHHX PO MaTepiain
ChOTOJICHHS (BEHTUIILOBAHI (hacau, CeHABIY-TIAHENI, 130JIA1isI CIIIHEHUM TOJiYPETaHOM TOIIO), IO
YCKIIQMHIOE TX BHKOPUCTAHHS B paMKax IiHAMBiAyadbHOTo OymiBHumnTBa [1]. B pesymbrati
CTBOPIOETHCS PO3PHB MK aKaJIEMiYHOIO MiATOTOBKOO Ta MPAKTHYHUMHU BUMOTaMH rajy3i.

3100yBadi CTHKAIOTHECS 3 TPYAHOLIAMU B OOIPYHTYBaHHI CBOIX PO3PaXyHKIB, OCKLUIBKI O(ililiHi
JUKepelia He HaJaloTh BiMOBIAHUX JAaHUX, 10 YaCTO 3MYLIyE IX MOBEPTATHCS [0 TPAAWIIHHUX
MaTepiaiiB, SKi MarOTh YITKO BH3HA4YE€HI HOPMH, ajle HE BiJIOBINAIOTH CYYaCHHUM CTaHAApTaM.
Habyrrst unnnocti Komropuchux Hopm Yxpainu (KHY) y 2021 poui, Tak HacTymHi 3MiHH 10 HUX
(HacranoBwu, BHeceHi Hakazamu Minperiony Bix 30 xBitHs 2022 p. 3a Ne67, Bix 01 rpymus 2022 p. 3a
Ne244, Bin 22 Bepecns 2023 p. 3a Ne854 ra Big 20 Gepesnst 2024 p. 3a Ne243 To110), HE BUPILIMIMA
mpo0OJieMy, OCKIIBKH BOHH 0a3yloThesi Ha HaBeneHux €HiP Ta, Bianosigno, PeKH [2].

OjiHI€I0 3 OCHOBHHX TPOOJIEeM € BIJCYTHICTh HOPMATHBHHX JaHUX JJISI PO3paxyHKy 4acy Ta
BapTOCTI pOOIT i3 aKkTyaJdbHUMHM MaTepiasaMu Ta oOsagHaHHAM. Hanpukian, akyMmyJsiTOpHi
MiTHOMHIKH, MaHIMYJIATOPU YM O€3APOTOBUIl IHCTPYMEHT, JO3BOJISIOTH ONTHUMI3yBaTH OymiBesbHI
npotiecH, ane He BpaxoaHi B €HiP.

Jlnst mojonaHHs LMX BUKJIMKIB aKTyaJlbLHUM € PO3poOka abo MojepHisallis HOPMaTUBHUX
JIOKYMEHTIB, sIKi BigoOpaxkatumyth peainii OyaiBuuura. Cranmaprtu, noaioui no €HiP, noBunHi
BKJIFOUATH JIaHi PO Yac i BapTiCTh POOIT 13 CydacHHMMH MaTepiajiaMu Ta obmagHaHasM. st iboro
HeoOxinHa cniBnpans Mix 3BO, opranamu aepxaBHOT Biaaau (30kpeMa MiHICTEpCTBOM PO3BUTKY
rpomaz i Teputopiit Yxpainu), poboTogasusmu. Bapro 3anpoBanuTu naptHepcTBa 3 OyIiBeNIbHUME
oprasizauisiM, sIKi BAKOPHUCTOBYIOTbh IHHOBAIIHI TEXHOJIOTIi: CTa)XXyBaHHs, MaliCTeP-KJIaCcH, 1OCTYII
JI0 aKTyaJbHHX JaHMX IIpO Marepiajd Ta IHCTPYMEHTH, sIKi JAiHCHO BHKOPHCTOBYIOTBCS B
Oy/iBHUIITBI, 8 HE JIUIIE 3Ta/IyIOTHCS B JIOBIIHUKAX.

MopepHizalisi OCBITH B Oy/IiBHUITBI € HEOOXiTHOI YMOBOIO JUIsl MIJATOTOBKU KBalli(h)iKOBAaHUX
(axiBuiB, 37aTHUX e(EKTHBHO IMPAIIOBATH HAJl MiCIBOEHHOIO Bi0Y10BOI0. OHOBICHHS OCBITHIX
porpam, MOJICpHi3allisi HOPMATHBIB, CHIBIPAlll 3 OpPraHaMH BJIafHd Ta Tajy3eBUMHU MapTHEPaMu
JI03BOJISATH YCYHYTH PO3PHB MIXK aKaJIeMI4HOIO IiI'OTOBKOIO Ta oTpedamu OyniBHuLTBa. HaBeaeHi
KPOKH He JINIIC CIPUATUMYTh YCIIIIHOMY BiHOBJICHHIO KpaiHH, a i 3a0e31e4aTs CTaIHil PO3BUTOK
y Maifl0yTHHOMY, CTBOPIOIOYH MIIIHY OCHOBY JJIsl EKOHOMIYHOTO 3pOCTaHHSI Ta 100poOyTY.

1. KomropucHi HopMH Ha HOBi TexHousiorii i matepianu y OvaiBaunTi / Ykman. C.B. UepHiupkuii. - IBaHO-
®pankisesk: Micro HB, 2007. - 212 c. - ISBN 978-966-428-030-0

2. Jleuenko H.M., IBanenko /1.C., beiinep H.B., Beiinep I1.C., €pemka O.M (2024). LliHoyTBOpeHHSs B OyIiBHUIITBI
3 BHUKOPHCTAHHSM IH(OPMALIHOTO MOJETIOBAHHA. Pecypcoekonomui mamepianu, Koncmpykyii, 0yoieni ma
cnopyou: 36ipuuk naykosux npays. Bun. Ne45. C.416-428. DOL: https:/doi.org/10.31713/budres.v0i45.48
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The construction industry serves as a cornerstone of economic growth. Following the cessation of
martial law, Ukraine is expected to face significant challenges in restoring infrastructure and
specialized buildings. The purpose of this study is to analyze the issues and propose solutions for
training future construction engineers, particularly in the context of the inadequacy of current labor
effort standards that reflect modern realities in the construction of buildings and structures.

Students, while working on coursework and diploma projects, often rely on outdated
methodologies and materials rooted in the experience of previous generations and documented in
regulatory standards such as the Unified Norms and Prices (UN&P). Although these documents
enable the determination of labor efforts for typical buildings, they lack data on contemporary
materials, such as ventilated facades, sandwich panels, and sprayed polyurethane foam insulation,
which complicates their application in bespoke construction projects [1]. This creates a gap between
academic training and the practical demands of the industry.

Students encounter difficulties in justifying their calculations due to the absence of relevant data
in official sources, often forcing them to revert to traditional materials with clearly defined norms that
do not meet modern standards. The introduction of the Estimate norms of Ukraine in 2021, along
with subsequent amendments (Guidelines issued by the Ministry of Communities and Territories
Development of Ukraine through Orders No. 67 of April 30, 2022, No. 244 of December 1, 2022,
No. 854 of September 22, 2023, and No. 243 of March 20, 2024), has not resolved the issue, as these
standards are based on the outdated UN&P and Resource-Based Cost Estimation Norms [2].

A primary challenge is the lack of normative data for calculating the time and cost of works
involving modern materials and equipment. For instance, battery-powered lifts, manipulators, and
cordless tools optimize construction processes but are not accounted for in UN&P.

To address these challenges, it is essential to develop or update regulatory documents that reflect
current construction realities. Standards similar to UN&P should include data on the time and cost of
works with modern materials and equipment. This requires collaboration between higher education
institutions, government bodies (notably the Ministry of Communities and Territories Development
of Ukraine), and industry employers. Partnerships with construction companies utilizing innovative
technologies should be established, offering internships, workshops, and access to up-to-date data on
materials and tools actively used in construction, rather than those merely listed in reference
materials.

Modernizing construction education is a prerequisite for preparing qualified professionals capable
of contributing to post-war reconstruction. Updating curricula, revising standards, and fostering
collaboration with authorities and industry partners will bridge the gap between academic training
and industry needs. These measures will not only facilitate successful national recovery but also
ensure sustainable development, laying a robust foundation for economic growth and societal well-
being.

1 Cost estimation standards for new technologies and materials in construction / Compiled by S.V. Chernytskyi. -
Ivano-Frankivsk: Misto NV, 2007. - 212 p. - ISBN 978-966-428-030-0.

2. Levchenko N.M., Ivanenko D.S., Beiner N.V., Beiner P.S., Yeremka O.M. (2024). Pricing in construction using
information modeling. Resource-efficient materials, structures, buildings and structures, issue 45. P. 416-428. DOL:
https://doi.org/10.31713/budres.v0i45.48
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B nanuii yac akTyaqbHUMH CTAalOTh IUTAaHHS O€3MeKH OYIMHKIB IPH TEPOPUCTHYHUX aKTaX
PI3HOTO XapakTepy, y TOMY YHCIi IpU aTakax 0e3mijoTHUMH JitanbHuUMHU anapatamu (BIUIA). ¥V
JOCITI/DKEHH] PO3IJISIHYTO OJIMH 13 BapiaHTiB IHKEHEPHOTO 3aXUCTY aBTOTpaHcOpMaTopy Bix JaHOi
3arpo3u, a TaKOX BapiaHTH MNOOYIOBH 00'€MHO-IUIAaHYBaJbHOI CTPYKTYPH Ul 3a0€3MCUCHHS
MaKCHMAJIBHOTO 3aXUCTY JIFOJICH, 10 3HAXOAAThCS B OymiBii. ABTOTpaHC()OPMATOPH € OAHUMH 3
HAWOLIbII KPUTUYHMX KOMIIOHEHTIB. BinmoBa TpaHcdopmaTopa MoXe HPH3BECTH JIO MaiHHA
MOTYXKHOCTI Ta 3HAYHUX [IEPEPB B €ICKTPOKUBIICHHI CIIOKHBaYiB. [1]

IMutanHsM 3axucTy 00’€KTIB KPUTHYHOI iH(QPACTPYKTypH IIPUCBSYCHA 3HAYHA KiJIBKICTh
HAYKOBHX JOCIIIKeHb. JIOCHTh MTOBHO, 1110/10 KpaiH €BpOITH, IIe MUTaHHS PO3IIISHYTO Y mpaiii [2].

Merta [OCIIPKEHHS — 3alIPOEKTYBATH 3aXUCHY 3a1i300€TOHHY CIIOPYRy aBTOTpaHC(hOpMaTOpy i3
KOMOIHOBAaHMM JBOILIAPOBUM TMOKPUTTAM. KOXKHHUI IIap TMOKPUTTS CKIAAA€TBCS 13 MOHOJITHOI
3aJ1i300€TOHHOT IIUTH, 10 BIAIITOBYETHCS II0 METaJICBIM 3BapHUM JBOTaBPOBHM OaskaM. 3poOUTH
PO3paxyHOK HeCydoi CIIPOMOMKHOCTI By3/la IPUMUKAHHS METAICBUX OAJIOK 10 3a1i300€TOHY 4yepe3
3aKinaaHy aertaib. [IpoanamizyBaTé pe3ynpTaTH Hecydol CIIPOMOXKHOCTI BY3Ja, IO OTPHMaHi B
pe3ynbTaTi HeJHIKHOTO pO3paxyHKy y nmporpaMHoMy 3a0e3mneuenHi Idea Statica.

J171st eneMeHTIB €HepreTHYHOTO PO3IO/ILTY XapaKTEPHUM ITOLIKODKEHHSM € MPOOUTTS OCKOJIKAMH
CTIHOK TpaHC(OPMATOPIB, peakTopiB Ta OaKiB-pO3LIMPIOBAYIB HA HUX, L0 MPHU3BOAATH 10 BUIIUBY
MaCTHUIIa 1 MOYKIIMBOI TOAANBINOT OXKexi. [1]

JlBomapoBa 3aii300€TOHHA 3aXHCHA KOHCTPYKLis 3 HOBITPSHUM HPOMIKKOM € IHJKEHEPHOIO
CIIOPY/IOI0 TIJIBUILEHOT CTIMKOCTI /10 BIUIMBY yAAapHOI XBHJI, YJTaMKiB 1 KIHCTHYHHUX BpaKarOuUX
CJICMCHTIB. JlaHa KOHCTPYKIis €(pEKTUBHO I'aCHTh EHEPril0 BHOYXY 3a PaxXyHOK IIOCIIJIOBHOTO
MIPOXOJDKEHHS YAapHOT XBHJII Yepe3 KiJibKa MEepelIKo]] pi3HOT T'YCTHHH.

CTpyKTYypHI €IEMEHTH CIIOPYIIH:

- 3oBHimHIA 3axucHUH Mmap (apMOBaHa 3ali300€TOHHA IUIMTA, TOBIIMHOK 400 MM, IO
BJIALITOBYETBCS 110 METAICBUM 3BapHUM OalkaM JBOTaBpOBOro mnpodimo. B cTiHn
3aMOHOJITYYIOTHCSI 3aKJIa/HI JIETalll, Ha SIKi CTaBJIAThCS MeTaleBi Oaiku). OyHKIis: MPUIAHATTS
Ha cebe OCHOBHOTO yaapy, pyiHyBaHHS 1 pparMeHTalis Ooenpuacy;

- Tositpsauii mpomixkok (2000 mm). DyHKIis: po3citoBaHHS eHeprii BUOyXy Ta mociabieHHs
yIapHOi XBHII;

- BuyrpimHiit 3axucHuii map (apmoBaHa 3ami300eTOHHA TUIMTA, TOBIIKMHOK 400 MM,
BIIAIITOBYETHCS I10 TOMY CAaMOMY IIPUHIIAILY, IO i 30BHIIIHIN 3aXuUCHU map). DYHKIIiS BOTO
eJIeMEeHTa CHOPY/IH MOJISIrae y MOTIIMHAHHI OCTaTOYHOI eHeprii BUOYXY 1 3aTPUMII OCKOJIKIB.

Crinn — 3amizo6etonHi, ToBmuHO0 1000 MMm.

Po3paxyHOK mapaMeTpiB 3aXHMCHOI CIIOPYIHM BKJIFOYa€ BH3HAUCHHS: a) TOBIIMHU TA apMyBaHHS
3a/11300€TOHHUX KOHCTPYKLii; 0) MillHOCTI O€TOHY Ta Kjlacy apMaTypH; B) KOH}irypauii criopyau
(HasIBHICTB 3aXMCHUX €KPaHiB,KO3UPKIB); T) 0araTomapoBOCTi KOHCTPYKIiH (koMOiHalii MaTepiais).

OnuH 3 eramiB IPOEKTYBaHHS CKIAJABCSA 3 MOJEIIOBAHHS Ta PO3PAXyHKY B IIPOrPaMHOMY
xomiuiekci Idea Statica By3ia onmupaHHs MetaneBol OaliKy Ha 3aJ1i300€TOHHY CTIHY 4epe3 3aKiIaHy
JeTalb; BU3HAYCHHS (aKTUYHUX CKBIBAJCHTHUX HANpyXEHb METAJCBHX €JEMEHTIB (0ajkw,
3aKJIaHOI eTaJll, 3BapHUX LIBIB Ta OONTIB) B ONOPHIi 30HI Ta MOPIBHAHHI X 3 JOIIYCTUMUMHU.

1. OCHOBH iH)XEHEPHOro 3aXHCTy 00’€KTiB KPUTHYHOT iHPPACTPYKTYpH eHepreTHdHoi raaysi Ykpainu Bin 3aco0iB
MOBITPSIHOTO Hamay NpoTuBHUKA: MoHOrpadis, / [M.B. Kosans, B.B. Kosans, A.C. binuk, B.I. Komtopy6a, O.M.
Kv6pakosl: min pen. A.C.Binnka. — K.: I'enepanbanii mrab 36poitanx Cun Ykpainn, 2023. — 185 c.

2. €pmenayk O.I1. OcHOBHI MiAX0aM 10 Opraizailii 3aXuCcTy KPUTHIHOT iH(bPAaCTPYKTYPH B KpaiHax €BpOIH: T0CBIT
a1 Ykpaiuu: mosorpad. / O. I1. €pmenuyk. — Jlainpo: J{ainpon. aepx. yH-T BHYTp. crpas, 2018. — 180 c.
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Currently, the safety of buildings during various types of terrorist attacks, including those
involving unmanned aerial vehicles (UAVs), is becoming increasingly relevant. This study examines
one of the options for engineering protection of an autotransformer from such threats, as well as
possible approaches to designing a spatial layout to ensure maximum protection for people inside the
building. Autotransformers are among the most critical components. A transformer failure can lead
to power loss and significant disruptions in electricity supply to consumers. [1]

A considerable number of scientific studies are dedicated to the protection of critical infrastructure
facilities. In European countries, this issue is thoroughly addressed in the work [2].

The aim of the study is to design a reinforced concrete protective structure for the autotransformer
with a combined two-layer cover. Each layer of the cover consists of a monolithic reinforced concrete
slab installed on welded steel I-beams. The task includes calculating the load-bearing capacity of the
connection node between the steel beams and the concrete structure via an embedded part. The results
of the load-bearing capacity are analyzed based on a nonlinear calculation using Idea Statica software.

Typical damage to power distribution elements is puncturing of transformer, reactor, and
expansion tank walls by shrapnel, leading to oil leakage and potential fires. [1]

The two-layer reinforced concrete protective structure with an air gap is an engineering solution
offering enhanced resistance to blast waves, shrapnel, and kinetic damaging elements. This design
effectively dissipates the explosion energy by forcing the blast wave to pass through several layers of
varying density.

Structural elements of the protective structure:

- External protective layer (a reinforced concrete slab, 400 mm thick, installed on welded I-
beams. Embedded parts are cast into the walls to support the steel beams). Function: To absorb
the main impact, destroy and fragment the explosive device;

- Air gap (2000 mm). Function: To dissipate the explosion energy and weaken the blast wave;

- Internal protective layer (a reinforced concrete slab, 400 mm thick, constructed similarly to
the external layer). Function: To absorb the remaining explosion energy and stop shrapnel.

Walls — reinforced concrete, 1000 mm thick.

The calculation of the protective structure’s parameters includes determining: a) the thickness and
reinforcement of the concrete structures; b) concrete strength and reinforcement class; c)
configuration of the structure (presence of protective screens, overhangs); d) multi-layer composition
of the structure (material combinations).

One stage of the design process included modeling and calculating in Idea Statica software the
support node of the steel beam resting on the reinforced concrete wall via an embedded part;
determining the actual equivalent stresses in the steel components (beam, embedded part, welded
joints, and bolts) in the support zone and comparing them with permissible values.

1. Yermenchuk O.P. "Main Approaches to Organizing the Protection of Critical Infrastructure in European Countries:
Experience for Ukraine" — monograph / O.P. Yermenchuk. — Dnipro: Dnipropetrovsk State University of Internal
Affairs, 2018. — 180 p..

2. Foundations of Engineering Protection of Critical Infrastructure Objects in Ukraine's Energy Sector from Air Attack
Means of the Enemy — monograph, / [M.V. Kovaly, V.V. Kovaly, A.S. Bilyk, V.I. Kozyruba, O.M. Kubrakov];
edited by A.S. Bilyk. — Kyiv: General Staff of the Armed Forces of Ukraine, 2023. — 185 p.
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Mera nociikeHHs — Mmoka3ati anroputm ta MoximuBocTi SikaCarboDur Software na npuxiani
PO3paxyHKy MOCHJICHHS 3a1i300€TOHHOT OaKU 32 HOPMAJIbHUMH Iepepi3aMy BYIJICIIIACTHKOBUMU
KOMITO3UTHMMHU MaTepiamamu. Ha puc. 1 moka3ana po3paxyHkoBa cxema Oainku (mepepi3 250x100
MM, 106 A240C, 1016 A400C).

i l i a & a
Puc. 1 Po3paxyHKoBa cxema Gajiki. Puc.2. Cxemu npukiazaHHs HABaHTAXKEHb Ha OAJIKY.

JloBxHHA PO3paxyHKOBOTO MPOsboTy 2,9 M, ruromniaaka odnupanns 100 mm (puc.1). I[puitmaemo,
1110 [TOYATKOBUII HANPyKEeHO-1epOPMOBAHUI CTaH I'eHEPyBaTUMEThCSI aBTOMATHYHO B 00 emi 100%
BiJl IOCTiHHOro HaBaHTaxxeHHs. HaBaHTaxkeHHs: piBHOMipHO posmozinene 1 kH/M B skocTi
HOCTIHOrO HaBaHTAXXCHHS, a TAKOXK KOHIIEHTpoBaHa cria P =20 xkH o cepenuni IponsoTy B IKOCTI
tuMyacoBoro (puc.2). Knac 6erony C20/25, miunicts 6etony nHa postar 1,55 MIla, koedimienti
oe3meku ye 1 ys 3a JJCTY-H B EN-1991-1-1 (€Bpokox 2) [1]. 3agaemo npsiMOKYTHHUI MONEpeUHHIA
nepepis 6anku - muprHa 100 MM, BucoTa 200 MM. [To310BKHs BepxHst apmartypa 106 A240C, HukHs
poboua apmatypa 1016 A400C, nomepeuna apmarypa — xomyta @8 A240C 3 kpokom 150 mm.
Koedimientu 6e3nexn 3a HAaBaHTRKCHHSIMH — 32 3aMOBUYBAHHIM — 116 KOMOIHAIis 32 €BPOKOIOM 2
KaTeropist A: mpuBaTHe, XMTJIOBE OyIiBHMITBO. [IpH3HAUYaEMO THUIT BYTJICTIIIACTHKOBOTO €JIEMEHTY
(cTpiuka 3 HAKJICHOBAaHHSM, CIEliajbHA CMyra 3 PO3MIIICHHSM Y Ta3ax, TKaHWHA 3 BYIJICLEBHUX
BOJIOKOH, CIIeLliaJIbHUH POBIHI 3 BYTJICLIEBUX BOJOKOH, 110 JIa€ 3MOT'Y BUKOHYBATH 3aMKHYTI XOMYTH
a00 BiATMHH, TaKOXX MOXJIMBHI BapiaHT 3 IMONEPEAHIM HANpPYKCHHSIM BYIVTICLIEBHUX KOMIIO3HTHHX
CTpivoK). B pesynpraTi po3paxyHKiB OTpHMAIM BEINYHHY 3TMHAIBHOTO MOMEHTY BiJl MOCTiHHHX i
TUMYacoBHX HaBaHTaxeHb Mg = 24,02 xHwm, mo Oinbme y 1,71 pasu Bix Hecydol 3AaTHOCTI
HOpMasbHOTO Tiepepizy Mra = 14,01 kHwm. [lns Takoi BeIMYMHY CTYIIEHIO HOCHIICHHS HEOOXiIHO 2
crpiuku SikaCarboDur S-512 (puc.3). Takox BUKOHAIHM HEPEBIPKY JOBKHMHU 30HH aHKEPYBAHHS
CTPIYOK, sika Oyna piBHoro 300 mm. (Puc.4).

1 Merton i3otepm 500°C OyB BUKOPHUCTAHUI i1 BU3HAYCHHS TPAaHUYHOL
| Hecydol 37aTHOCTI HOPMAalbHOTO Tepepisy Mpu il BOTHEBOrO
: HaBaHTAKCHHs. JlaHy BEJMUMHY TOPIBHMAJIM 3 HECYYOIO 3/aTHICTIO
repepizy, OTpUMaHy BiJ BiANOBigHOI KoMOiHalii HaBaHTaxeHb. (EN-
1992-1-2 4.2 i nomatox B) [1]. Orpumanu yac Boruecriiikocti 65 xs.,
: E TOOTO Kiac Boruecriiikocti R60.

Puc.3. Puc.4. IMporpamue 3abe3neuenns SikaCarboDur Software — HeoOXimuuii i
3pY4YHHUI IHCTPYMEHT /Uil TIPOCKTYBaHHS Ta TEOPETUYHOIO aHalli3y BapiaHTIB TMOCHJICHHS
BYIJICIUIACTUKOBUMHM KOMITO3UTHUMH MaTepiaiaMu. JUJist CTYIEHIO OCHIIeHHS 3a11300e TOHHOT Oalku
1,71 (ma 71%) 3HamoOwmitocst 1BI BYIJICIIACTUKOBI CTPIYKH 3 CyMapHHM IIONIEPEYHHUM IEepepizom
BYTJICIEBOTO KOMTIO3HTY 120 MM,

A,
L]

1. JCTY-H b EN 1992-1-2:2012 €pokox 2. IlpoekryBaHHS 3ami300eTOHHMX KOHCTpyKiii. YactmHa 1-2.
3aranbHi nonoxenHs. Po3paxyHok koHCTpyKuiii Ha Boruectiiikicts (EN 1992-1-2:2004, IDT).
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The purpose of the study is to show the algorithm and capabilities of SikaCarboDur Software on
the strengthening calculating example of a reinforced concrete beam with normal sections using
carbon-plastic composite materials. Fig. 1 shows the calculated beam view (section 250x100 mm,
106 A240S, 1016 A400S).

P g ik i
Puc. 1 Calculated beam view. Puc.2. Loads applying to a beam schemes.

The length of the calculated span is 2,9 m, the support area is 100 mm (Fig. 1). We assume that
the initial stress-strain state will be generated automatically by sotware in the volume of 100% of the
dead load. Loads: uniformly distributed 1 kN/m as a dead load, as well as a concentrated force P =
20 kN in the middle of the span as a live load (Fig. 2).

Concrete class C20/25, concrete tensile strength 1,55 MPa, safety factors y. and ys according to
DSTU-N B EN-1991-1-1 (Eurocode 2) [1]. We specify a rectangular cross-section of the beam -
width 100 mm, height 200 mm. Longitudinal upper reinforcement 106 A240S, lower working
reinforcement 1916 A400S, transverse reinforcement - clamps @8 A240S with a step of 150 mm.
Safety factors for loads - by default - this is a combination according to Eurocode 2 category A:
private, residential construction. We assign the type of carbon fiber element (tape, special strip with
placement in grooves, carbon fiber fabric, special roving, made of carbon fibers, which allows to
perform closed clamps or bends, also possible option with pre-tensioning of carbon composite tapes).
As a result of calculations, we obtained the value of the bending moment from permanent and
temporary loads Mq = 24,02 kNm, which is 1,71 times more than the bearing capacity of the normal
section Mrq = 14,01 kNm. For such a value of the degree of strengthening, 2xSikaCarboDur S-512
tapes are required (Fig. 3). We also checked the length of the tape anchoring zone, which was equal
to 300 mm. (Fig. 4).

| The 500°C isotherm method was used to determine the ultimate load-
bearing capacity of a normal section under fire loading. This value was
compared with the load-bearing capacity of the section obtained from the
corresponding load combination. (EN-1992-1-2 4.2 and Annex B) [1].
The fire resistance time was 65 min., i.e. fire resistance class R60.
SikaCarboDur Software is a necessary and convenient tool for the design
and theoretical analysis of options for strengthening with carbon-plastic
composite materials. For a reinforcement ratio of a reinforced concrete
beam of 1,71 (by 71%), two carbon-plastic strips with a total cross-section of carbon composite of
120 mm?2 were required.

A

Puc4.
Puc.3.

1. JACTY-H b EN 1992-1-2:2012 €spoxox 2. IlpoexTyBanHs 3ami300eTOHHMX KOHCTpyKmii. YacTtuna 1-2.
3arainbHi n1oa0keHHs. Po3paxyHok KOHCTpyKIiii Ha BorHectiiikicts (EN 1992-1-2:2004, IDT).
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Mera 10ciipKeHHsT — OOIPYHTYBATH BUMOTH JI0 CKIIay OCTOHY 3 ypaXyBaHHSM i arpeCHBHOTO
CepeoBHIIA HA HA/[3eMHI KOHCTPYKLIT OYMCHHUX CIIOPY/I.

OCHOBHI KOpO3iiiHi mpouecn B OETOHI MiCBKMX OYMCHUX CIIOPYJ BOJOBIJIBEIICHHS 3yMOBIICHI
LUKJIIYHAM 3aMep3aHHsIM-BIITABaHHIM BOJIM Y HAJBO/IHIH 30HI Ta 30HI 3MiHHOTO piBHs (pHc.1, a), a
TAaKO)X BIUIMBOM XIMIYHUX PEUOBMH CTIUYHHMX BOJI, NEPEBaKHO CYyJb(aTiB, HA KOHCTPYKIii, 0
nepeOyBanu B 6e31ocepeIHbOMY KOHTAKTI 3 BOJI0t0 (puc.1, 6). 3HauHi pyiiHyBaHHs KOHCTPYKIIH Bif
JiiT MOPO3HOT'O BIUTUBY HOTPEOYIOTH MOBHOIT 1X 3aMiHH IPH PEKOHCTPYKILT criopyx (puc. 1, B).

puc. 1 — Cran xoHCTpyKUiH ouncHuX criopyn Ne2 (M. XapkiB)
a — JIOTOK BiJICTIHHUKA, 6 — CTIHU AePOTEHKY; 8 — BITHOBJIEHI KOHCTPYKIIT BIACTIHUKA

Biamnosizxo no JICTY b B.2.6-145:2010 [1] excrutyaTariiiHe cepeoBHIe OUYHCHUX CIIOPY[ 3a
MOPO3HHUM BIUTHBOM KitacudikyeTbes sik XF3 abo XF4. 3 ypaxyBaHHSIM CTaHY KOHCTPYKIIIH Ta BMICTY
Y BOZI XJIOPHUIIB 1 Cylb(artiB, 10 MOCUIOITH KOPO3ito OETOHY Mpu 3amep3aHHi, 00paHo kiac XF4.
Cepenniii BMicT cynbdaTis (SO4*7) y cTiuHuX BoAax He nepepuiye S00 Mr/i, 1o BiANOBiae Kiacy
XAl. Ilpu BogoHenpoHUKHOCTI OeToHy He Hikue W8, 0c00aMBO Ha LIEMEHTI HOPMOBAHOTO CKJIa1y
(CsS <65 %, C:A <7 %), cepenoBulie BBaXaeThest ciaboarpecuBHUM. He3HauHuil XiMiuHUI BIUTUB
MIATBEPKYETHCS CTAHOM KOHCTPYKIIH: TTOBEPXHI MAlOTh CBITJIMI HamiT, TIMOMHA CyIb(paTHOL
Kopo3ii 3a 50 pokiB cTaHOBUTH y cepeaHbOMY 1-3 cM, pH GeToHy B Tini KoHCTpyKiii — 11,8—12.
3a3HaueHe J03BOJISE HE BUKOPHCTOBYBATH cyibgarocTiiiki nementn CCIIL adbo CCIIL 20, ski B
VYkpaini manogoctyHi, abo nomuperuit cynbhaToctiiikuii nuakonopianauement CCILTILL /160,
SIKMI HE PEKOMEH/TYETHCS TIPH MOpo3HOMY BIUnBI XF4.

Ha ocHOBI poBeIeHOr0 KOMILIEKCHOTO aHalli3y PEKOMEHAY€ETHCSI 3aCTOCYBaHHSI OETOHHOT CyMilini
BCT" C30/35 P4 W8 F200 3 B/L] ne Ginpme 0,45, 06’€MOM BTATHYTOTO HOBITPSI B Mexax 4—6% Ta 3
Bukopuctanusm uementiB tuny [ II/A-II-500-H a6o IILI II/b-111-400-H. Beron 3 Ttaxumu
XapaKTepHCTUKaMU 3a0e3Iedye JOBrOBIUHICTh KOHCTPYKIii 6€3 HeOOXiTHOCTI BTOPUHHOTO 3aXUCTY
[1]. BaxnuBUM eIEMEHTOM pELENTYPH € BHKOPHCTaHHA KOMIUICKCY CYHepIIaCTHQIKyOUHX i
HOBITPSBTATYIOUUX J00ABOK, AKi CHPHAIOTH (HOPMYBAHHIO JOBIOBIUHOI CTpYKTypu Oeromy. Jlus
MiZBUIICHHS CyTb()ATOCTIHKOCTI JOLIJIbHE TAKOX BBEJCHHS BHCOKOAMCIIEPCHUX MiHEPaIbHUX
1100aBOK, 30KpeMa MIKpOKpeMHe3eMy a00 MeTaKaoJliHy.

1. ICTY b B.2.6-145:2010 Koucrpykuii OyauHKiB i criopys. 3axucT OeTOHHMX i 311300 TOHHUX KOHCTPYKIiN Bix
Kopo3ii. 3araiabHi TeXHIYHI BUMOTH.
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The purpose of the study is to justify the requirements for the concrete mix, considering the impact
of an aggressive environment on above-ground structures of wastewater treatment plants.

The main corrosion processes in the concrete of municipal wastewater treatment facilities are
caused by cyclic freezing and thawing of water in the splash zone and the zone of fluctuating water
level (Fig. 1a), as well as by the action of chemical substances in the wastewater, primarily sulfates,
on the structures in direct contact with water (Fig. 1, b). Severe damage to the structures due to frost
action necessitates their complete replacement during the reconstruction of the facilities (Fig. 1, ¢).

Fig. 1. — Condition of structures at wastewater treatment facilities Ne2 (Kharkiv)
a — tray of settling tank; b — aeration tank walls; ¢ — restored of settling tank structures

According to DSTU B V.2.6-145:2010 [1], the operational environment of treatment facilities in
terms of freeze-thaw exposure is classified as XF3 or XF4. Considering the condition of the structures
and the presence of chlorides and sulfates in the water, which intensify concrete corrosion during
freezing, class XF4 is selected. The average concentration of sulfates (SO4*") in the wastewater does
not exceed 500 mg/L, which corresponds to exposure class XAl. When the concrete has a water
impermeability of at least W8, particularly when using cement of controlled composition (CsS < 65%,
Cs;A < 7%), the environment is considered slightly aggressive. Minor chemical impact is confirmed
by the condition of the structures: the surfaces have a light deposit, the depth of sulfate corrosion after
50 years of operation averages 1-3 cm, and the concrete pH in the body of the structure is 11.8—12.
This allows for the optional use of sulfate-resistant cements such as CEM I-SR, which are not widely
available in Ukraine, or while the commonly used sulfate resisting blast furnace cement CEM I11/B-
SR, that is not recommended under XF4.

Based on the comprehensive analysis, it is recommended to use a concrete mix class C30/35 S4
W8 F200 with a W/C < 0,45, an air content of 4—6%, and cement types such as CEM II/A-S-42,5 N
or CEM 11I/B-S-32,5 N. Concrete with these characteristics ensures the durability of the structures
without the need for additional protective coatings [1]. An essential part of the mix design is the use
of a combination of superplasticizing and air-entraining admixtures, which contribute to the formation
of a durable concrete structure. To enhance sulfate resistance, the introduction of highly dispersed
mineral additives such as silica fume or metakaolin is also advisable.

1. DSTU B V.2.6-145:2010 Structures of buildings and facilities. Protection of concrete and reinforced concrete
structures against corrosion. General technical requirements.
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OJHUM 3 KIIFOYOBUX KPHUTEPIiB OLIHKU CydacHHUX OyAiBEeIbHUX MaTepialiB € IXHS JOBIOBIYHICT.
BractrBocTi GETOHY, SIK OCHOBHOTO OY/IiBEIBHOTO MaTepiaiy, 3HAYHOK MipOI0 3aJekKaTh BiJ HOro
MIKPO- Ta MAaKPOCTPYKTYPH, a TAKOK BiJl B3a€EMOJIii IIEMEHTHOT'O KaMeHIO 3 3aroBHOBaueM. Came 11l
(bakTOpU BH3HAYAIOTH MIIHICTh, JOBrOBIUHICTh Ta CTIHKICTh OCTOHY /10 30BHIIIHIX BILIHBIB.

Busnauarounmu mokasHUKaMu 3a0€3MeUeHHs IOBrOBIYHOCTI IIEMEHTHOTO KaMEHIO 1 OETOHY € BHT
B’SDKYYOro 1 #Oro MiHepaJoriyHuil CKiIaj, BOJOLEMEHTHE CIIiBBIJIHOIICHHS, BHJ 100aBOK i
3aMOBHIOBAYiB, OCOOJIMBICTIO TOPOBOI CTPYKTYPH, Mil[HICTh OeToHy. beToHm, 1o MicTsaTh
PI3HOMaHITHI 3aIIOBHIOBAY1, XapaKTEePH3YIOThCS PI3HUMHU THIIAMU KOHTAKTHHUX 30H, SIKi (POPMYIOTBCS
MIXK 3alIOBHIOBaYaMH Ta IIEMCHTHHM KaMEHEM. 3a JaHHMHU JOCIiJDKCHHS, Ha MaKpOPIiBHI MOXHA
BUJIIJINTH TaKi TUIIU B3acMOJIN:

- XiMiYHAa B3a€EMOJIis: 3alOBHIOBAaYl Ta LEMEHTHHH KaMiHb BCTYMAOTh y XIMiuHI peakiiii,

YTBOPIOIOYH MEPEXiTHMIT Iap 3 yHIKATBHIMHE BIaCTHBOCTSIMU;

- B3a€MHC PO3YMHCHHS: BiAOYBAE€THCS B3a€MHE MPOHMKHCHHS KOMITOHEHTIB 3allOBHIOBaYa Ta

[IEMEHTHOTO KaMEHIO, 1[0 IPU3BOANTE 0 YTBOPEHHSI 30HH MOAN(IKOBAHOTO MaTepiany;

- BIZICYTHICTh XIMiYHO{ B3a€MOJIi{: 3alOBHIOBAYi Ta LIEMEHTHUH KaMiHb HE BCTYNAIOTh Y XIMi4HI
peakiii.

CTaH KOHTaKTHOI 30HH CYTTEBO BILIHBA€E HA BIACTUBOCTI OCTOHY 1 MOKe OYTH OI[IHCHUH 33 TAKUMH
mapaMeTpaMy, SK MIOHICTh 34YCIUICHHS MDK 3allOBHIOBAaYaMH Ta IIEMCHTHHM KaMEHEM,
MiKpoTBepicTh Ta (Ha3oBHH CKIaa MPOIYKTIB rifpatarii. MikpocTpyKTypa KOHTaKTHOI 30HH MiX
pI3HOpIIHMMH ~MiHepajlaMH 3allOBHIOBa4Ya Ta TNPOAYKTAMH Tigpartalii IEeMEHTy BH3HAYae
MIKpOTBEpicTh i anresito cuctemu. Tun B3aemoii Ha Mexi (a3 BIUIMBAE HA XapaKTep PyHHYBaHHS
0eTOHY 3 IPUPOIHUMHU 3aTIOBHIOBaYaMu. HaliBuIIy MILHICTb 3UeTuIeHHS 3a0e3edye MiHepaIoriyHa
CIOPIIHCHICTh 3allOBHIOBAaYa 1 LEMEHTHOrO0 KaMmeHio. JIisi KUIbKICHOI OLIHKH JOCKOHAJIOCTI
KOHTaKTHOI 30HHU JIOLIJIFHO BHUKOPHCTOBYBaTH KpHTEpiil 3pocTaHHs MiHepamiB 3a Pyaiie, mo
BPaxoBYe ITapaMETPU KPUCTATIYHOT IPATKH.

JlocmijpkeHHS  MIATBEPIUKYIOTh — 3HAUHMII  BIUIMB  (DI3UKO-MEXAHIYHMX  BJIACTHBOCTCH
PEIMKIBOBAHNX KOMIIOHEHTIB Ha XapaKTEPUCTUKH SIK CBIXKOT0, TaK 1 3aTBepAijoro 6etony. beronu 3
PELMKIBOBAaHUMH ~ TIPOAYKTaMHu (IIpU  MOBHOMY a00 YacTKOBOMY 3aMillleHHI IMPUPOTHUX
3aIIOBHIOBAYiB) MalOTh TPU OCHOBHI (pa3u: IEMEHTHHIl KaMiHb, 3aIOBHIOBAY 1 30HY
MIKKOMITIOHEHTHOI B3a€MOJii Ha MeXi 3 PeUKILOBAHIM 3aII0BHIOBAYCM.

1. Meng, T., Wei, H., Dai, D., Liao, J., & Ahmed, S. (2022). Effect of brick aggregate on failure process of mixed recycled
aggregate concrete via X-CT. Construction and Building Materials, 327, 126934.
https://doi.org/10.1016/j.conbuildmat.2022.126934

2. Gao, S., JIi, Y., Qin, Z., Zhang, H., Xing, F., & Liu, A. (2022). A comprehensive analysis of pore structures and
performances of mineral admixtures modified recycled aggregate concrete based on experiment and
theory. Construction and Building Materials, 358, 129451.
https://doi.org/10.1016/j.conbuildmat.2022.129451

3. Liu, J., Ma, K., Shen, J., Zhu, J., Long, G., Xie, Y., & Liu, B. (2023). Influence of recycled concrete aggregate
enhancement methods on the change of microstructure of ITZs in recycled aggregate concrete. Construction and
Building Materials, 371, 130772. https://doi.org/10.1016/j.conbuildmat.2023.130772
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One of the key criteria for assessing modern construction materials is their durability. The
properties of concrete, as the main construction material, largely depend on its micro- and
macrostructure, as well as on the interaction of cement stone with aggregate. These factors determine
the strength, durability and resistance of concrete to external influences.

The determining factors in ensuring the durability of cement stone and concrete are the type of
binder and its mineralogical composition, water-cement ratio, type of additives and aggregates, pore
structure, and concrete strength.

Concretes containing various aggregates are characterised by different types of contact zones
formed between the aggregates and cement stone. According to the study, the following types of
interactions can be distinguished at the macro level:

- Chemical interaction: aggregates and cement stone enter into chemical reactions, forming a
transition layer with unique properties that differ from those of the original materials.

- Mutual dissolution: the aggregate and cement stone components penetrate each other, resulting
in the formation of a zone of modified material.

- No chemical interaction: aggregates and cement stone do not enter into chemical reactions.

The condition of the contact zone has a significant impact on the properties of concrete and can be
assessed by such parameters as the bonding strength between aggregates and cement stone,
microhardness and phase composition of hydration products.

The microstructure of the contact zone between heterogeneous aggregate minerals and cement
hydration products largely determines the microhardness and adhesion of the system. The nature of
fracture of concrete structures with natural aggregates depends on the type of interaction at the
interface. The maximum adhesion strength is observed when the aggregate and cement stone are
mineralogically related. To quantify the degree of structural perfection of the contact zones, it is
advisable to use the Ruyet growth criterion for minerals, which takes into account the parameters of
the crystal lattice at the interfacial boundary.

The research results indicate a significant influence of the physical and mechanical characteristics
of recycled concrete components on the properties of both fresh and hardened concrete mixtures.
Concrete composites containing recycled products, both in full and partial replacement of natural
aggregates, consist of three main phases: cement stone, aggregate and an intercomponent interaction
zone formed at the interface between the surface of the cement binder and recycled aggregate.

1. Meng, T., Wei, H., Dai, D., Liao, J., & Ahmed, S. (2022). Effect of brick aggregate on failure process of mixed
recycled aggregate concrete via X-CT. Construction and Building Materials, 327, 126934.
https://doi.org/10.1016/j.conbuildmat.2022.126934

2. Gao, S., Ji, Y., Qin, Z., Zhang, H., Xing, F., & Liu, A. (2022). A comprehensive analysis of pore structures and
performances of mineral admixtures modified recycled aggregate concrete based on experiment and
theory. Construction and Building Materials, 358, 129451.
https://doi.org/10.1016/j.conbuildmat.2022.129451

3. Liu, J., Ma, K., Shen, J., Zhu, J., Long, G., Xie, Y., & Liu, B. (2023). Influence of recycled concrete aggregate
enhancement methods on the change of microstructure of ITZs in recycled aggregate concrete. Construction and
Building Materials, 371, 130772. https://doi.org/10.1016/j.conbuildmat.2023.130772
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Mera JOCHIDKEHHSI — MPOBECTH aHali3 e(EeKTHBHOCTI CHCTEM 130JIsMil 3arinOiIeHuX YacTHH
CHeliaJbHUX CIIOPY/, Ta IPOBECTH MOPIBHSIHHS ICHYIOUHX PIllIEHb 3 CHCTEMOIO IHTEIPOBAHOT 1301 1T
SikaProof.

Cxema 3aJIe)KHOCTI BiJ] BIUIMBY arpecMBHOCTI CEpEOBHINA Ha JIOBTOBIYHICTH EKCILTyaTallil
1305111 i1 yac BUOOpy MaTepiaiiB puc. | Ta MPUHIKI NOABIHHOTO 3’ €THAHHS IHTEIPOBAHOT 130JISI1LiT
3 OCHOBOIO pHUC. 2.

Puc.1. Cxema 3aJIeXKHOCTI BiJ] BIUTUBY arpeCHBHOCTI Puc.2.IIpuHIMn no/ABiiiHOTO 3’€IHAHHS IHTErPOBAHOT
CepeIoBHIIA Ha JIOBrOBIYHICTD SKCIUTyaTallil 130JISii 11T 30J1A11ii 3 OCHOBOIO
yac BUOOpY MarepiaiiB

Bubip onTtuMaspHOrO MiAXOAY O TiAPOI30JALil, NPOCKTYBAHHS BIAMOBIIHOT CHCTEMH 3
ypaxyBaHHSM creidiku MPOeKTy Ta ii HpaBHJIbHE 3aCTOCYBaHHS Ha O0'€KTI € KIOYOBHMH
(akTopamu A5t MiHIMI3allii eKCIUTyaTaliiHUX BUTpPAT.

AHai3 cucTeM 1301511 BKIIIOYAE PO3IIIS] HACTYITHUX CHUCTEM 130JIAIi1: 00Ma3yBabHHUX 130JISIIiH
Ha OCHOBI MiHEpaJIbHHX CyMillIeH, OiTyMHO IOTIMEPHHX CyMillleH, PYJIOHHHX 130JIALii Ha OCHOBI
oitymis, [IBX, TIIO, a Takox peakTUBHUX CMOJL.

OCHOBHI BMMOTH 1 XapaKTEPUCTHKH Ha sIKi 3BEpTajach yBara: BOJOHENPOHUKHICTb, XiMiuHa
CTIHKiCTh, MIIHICTh Ha PO3TSAT, €NACTUYHICTh, HAAIWHICTH 3’€JIHAHHS 3 OCHOBOIO, 3’€IHAHHS 1
HasIBHICTH LIBIB Ta JIOBrOBIYHICTh MaTepiany. Takoxk BayKJIMBE 3HAYCHHS Ma€ HasIBHICTh aKCecyapis 1
JIOTIOMDKHUX 3ac001B JUIst 3a0€31eUeHHS CyHIIBHOCTI 130JILIITHOTO TOKPHUTTSL.

Haii0inbI TeXHONOT 1 YHUMH CHCTEMaMH 3 MiJABUIICHIMH €KCILTyaTalliiHUMH XapaKTePUCTHKAMH
Ta JIOBrOTPUBAIUM TEPMIHOM EKCIUTyaTallil € CHCTEMH MaTepialliB IO IHTErPYIOThCS, MEMOpaHH 3
PO3IiTIEHHSIM Ha CEKIIii 1 peakKTHBHI MEMOpaHU Ha OCHOBI MOJIiypeTany abo MosiceY0BUHN.

Pimenns inTerposanoi memOpanu SikaProof® noemuye Taxi nepesaru nojiMepHUX MeMOpaH, K
noBezieHa J1oBroeiuHicTh (Ounbiie 100 pokiB), CTIMKICTh A0 TMOSIBM TPILIMH B OCHOBI Ta BHCOKY
cTyniHb BopoHenponukHocti. Binnosigae JICTY EN 13491.

1. Ana dvali, Jul 25, 2024, What is SikaProof® A and Why It Matters in Modern Construction.
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The purpose of the study is to analyze the effectiveness of insulation systems for buried parts of
special structures, and to compare existing solutions with the SikaProof integrated insulation system.

Scheme of the dependence of the influence of environmental aggressiveness on the durability of
insulation during the selection of materials Fig. 1 and the principle of double connection of integrated
insulation with the base Fig. 2.

Fig.1 - Diagram of the dependence of the influence of the

aggressiveness of the environment on the durability of Fig.2 - The principle of double connection of integrated

insulation when choosing materials insulation to the base

Choosing the optimal approach to waterproofing, designing an appropriate system taking into
account the specifics of the project and its correct application at the site are key factors for minimizing
operating costs.

Analysis of insulation systems includes consideration of the following insulation systems: coating
insulation based on mineral mixtures, bitumen-polymer mixtures, roll insulation based on bitumen,
PVC, TPO, as well as reactive resins.

The main requirements and characteristics that were paid attention to: water resistance, chemical
resistance, tensile strength, elasticity, reliability of the connection with the base, connection and the
presence of seams and durability of the material. Also important is the availability of accessories and
auxiliary means to ensure the continuity of the insulation coating.

The most technological systems with increased operational characteristics and long service life are
integrated material systems, membranes with division into sections and reactive membranes based on
polyurethane or polyurea.

The SikaProof® integrated membrane solution combines the advantages of polymer membranes,
such as proven durability (over 100 years), resistance to cracking in the substrate and a high degree
of water resistance. Complies with DSTU EN 13491.

1. Ana dvali, Jul 25, 2024, What is SikaProof® A and Why It Matters in Modern Construction.
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Opnniero 3 HallOinbII HaraabHUX NpoOyeM y OyaiBedbHINM ramysi € 3HMKEHHS co0iBapToOCTi i
BIUIMBY Ha EKOJIOTIIO IPH 30UIBIICHHI MBUAKOCTI OyIIBHULITBA, O€3 BTpaTH SIKOCTIi. PariioHanbHUM
BUPILIEHHAM IIMX NPOOJEeM € BUKOPUCTAHHS aAMTHBHOI TEXHOJIOTi 3BefeHHs OyaiBenb 1 CHOpy.
Taka Ttexnomoris nepegbadae 3a IONOMOIOK0 CIENiadbHOrO 3D-IpHHTEpPY NUIAXOM EKCTPY3ii
GeToHHOT cymili map 3a mapoM (popMyrUuH KOHCTpyKIiio [1]. KitouoBEM apryMeHTOM Ha KOPUCTb
LbOTO € T€, 10 KOHCTPYKLIiI, BUTOTOBJIEHI LH(POBUM CIIOCOOOM, BUKOPHCTOBYBATUMYTb MaTepial
JIMIIEe TaM, A€ 1€ HeoOX1IHO, TAKUM YMHOM 3a0e3nedyBaTi 3HaYHy €KOHOMil0 MatepianiB. 3D-npyk
MO>K€ CKOPOTHTH MEPEBUTPATY OyiBEIbHUX MaTepialiB Ta BUTPATH poOOUOi cHiIn.

3po3ymiso, 1o as Toro, mob TexHonorii 3D-0eToHyBaHHS CTalM albTEepPHATUBOIO TUIIOBHM,
HeoOXiZIHO 3aCTOCOBYBATH €HEeProe(eKTUBHI MaTepiai, 30KpeMa — TEXHOICHHOT'0 TTIOXOKEHHS, SIKI
MaloTh HHU3bKUI BYIJICLIEBUI CIIiJi 1 B CBOI uepry 3abe3nedyloTh BCI TEXHIYHI Ta MILHICHI
XapaKTEePUCTUKU OyIiBelb i CIIOPY/A BUTOTOBJICHHX 3a JaHOK TEXHOJOTri€r. OCKUIBKH TEXHOJIOTIsS
3D-npyKy po3BUBAETHCS, HEOOXITHO PO3POOIISATH CTiHKI KOMIO3NUTH 3aMIHHBIIN YaCTUHY HaHOIIbII
€HEeProEMHOr0 KOMIIOHEHTa — HOPTIAHALEMEHTY MiHEpaJlbHUMU JI00aBKaMU, TaKUM YHHOM
3MEHIIMBILIY BYTJICLEBHUH CIIiJ] Ta yTHIIi3yBaBLIM HAKOIMYEHI Bixoau [2, 3].

Taki Marepianu MOXyTb BUKOHYBAaTH POJIb LIEMEHTYIOUUX, ITyLOJIAHOBUX a00 HANOBHIOIOYUX
MmarepiaiiB. TakuM 4YMHOM, iCHYIOTH BiIMIHHOCTI B NPOAYKTax rijgpartauii, ski BIUIMBAIOTb Ha
MILHICTB 1 IOBrOBIYHICTh BamHsak B SIKOCTI HaloBHIOBaYa B CKJIAJi OSTOHIB 3yMOBIIIOE YTBOPEHHS
MOHOT1/IpakapOOaIIOMIHATIB 1 FeKcaroHalIbHUX TiJpoantoMiHaTiB Kaiblito. Lleit edext no3Bosse
cTablni3yBaTH €TPUHTIT HUISIXOM 30UIBIICHHS 00'€My TigpaTiB 1 3MEHIICHHS MOPUCTOCTI. [HepTHI
MaTepiajy Taki sk TpaHITHUI 200 6a3abTOBUI W [4 ] BUKIIMKAIOTh TaK 3BaHUI e(heKT HalIOBHIOBaYa
1 AiATUMYTh SIK LEHTPH KpHCTalizalii, TOOTO BOHU 3alOBHIOIOTH MOPOXKHEUI B MIKPOCTPYKTYpi
LEMEHTHOrO TicTa 1 (PI3UYHO CTUMYIIIOIOTh TipaTalliio LIEMEHTY B Meplli KiJibka Ji0 TBepAiHHS Ta
YUIUJIBHIOIOTh CTPYKTYPY LeMeHTHOI MaTpuii. OJHaK Taki Marepiaiau MOBUHHI 3a0e3redyBaTi psija
BJIACTHBOCTEH mputamMaHHuX Juis 3D-1pyky 30kpema HEOOXiHY PYXOMICTh, L0 3abe3redye
NepeKavyBaHIiCTh BiJl Hacoca MPHUHTEpa 10 comia [2], a TakoK (OpMYyEMICTh CyMillli, CTPYKTYPHY
MIIHICTh Yepe3 TMEeBHHMH Yac TBEpAIHHs IIapy, MIIHICTh HA PO3TSAT HPH PO3KOJIOBAHHI, M0
XapaKTePHU3Y€EThCs a/Ire31€10 MIXK 1IapaMH, @ TAKOXK MIL[HICTh [TPU 3THHI Ta CTHCKY [5].

Takum 4MHOM e(eKTUBHE BUKOPHCTAHHS IPOMUCIOBHUX BiJIXOJIB TEXHOI'€HHOI'O MOXO/KEHHS €
aKTyaJIbHUM Ha JaHUH 4Yac 1 sIK HACIIJIOK MOXKJIMBE JOCSTHEHHS IPU [IbOMY ONTUMAJIBHOTO CKIIaay
cymiii, o Ta 3ade3neuye HeoOXiaHI eKCTPY3iHHI Ta MeXaHIUHI XapaKTePUCTUKH OETOHY.

1. Dvorkin, L.; Marchuk, V.; Hager, I.; Maroszek, M. Design of Cement—Slag Concrete Composition for 3D Printing.
Energies (Basel) 2022, 15. https://doi.org/10.3390/en15134610

2. Canuupkuit M.A. MozaundikoBaHi koMIo3u1iitHi neMentn: Hapu. nocionuk / M.JI. Cannuskuii, X.C. Co6ons, T.C.
Mapkis // JIsBiB: Bumasuumrso JIIT, 2010. -132 c.

3. KpormBuuiska T. I1., IBaugumun I'. C., CemeniB P. M. HuzbkoeMmiciiiHi 6araToKOMIOHEHTHI IEMEHTH B TEXHOJIOTIT
OyniBenbHUX po3unHiB // Bicank OJIABA. 2017. Bum. 68. - C. 70-75.
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One of the biggest challenges in the construction industry is reducing costs and environmental
impact while increasing construction speed, without losing quality. A rational solution to these
problems is the use of additive technology for the construction of buildings and structures. This
technology involves using a special 3D printer to extrude concrete mixture layer by layer, forming a
structure [1]. The key argument in favor of this is that structures manufactured digitally will use
material only where necessary, thus providing significant savings in materials.

3D printing can reduce the overconsumption of building materials and labor costs. It is clear that
in order for 3D concreting technologies to become an alternative to typical ones, it is necessary to use
energy-efficient materials, in particular those of man-made origin, which have a low carbon footprint
and in turn provide all the technical and strength characteristics of buildings and structures
manufactured using this technology. As 3D printing technology advances, it is necessary to develop
durable composites by replacing some of the most energy-intensive component, Portland cement,
with mineral additives, thereby reducing the carbon footprint and utilizing accumulated waste [2, 3].
Such materials can act as cementing, pozzolanic, or filler materials.

Thus, there are differences in the hydration products that affect strength and durability. Limestone
as a filler in concrete causes the formation of monohydrocarboaluminates and hexagonal calcium
hydroaluminates. This effect allows ethringite to be stabilized by increasing the volume of hydrates
and reducing porosity. Inert materials such as granite or basalt dust [4] cause the so-called filler effect
and will act as crystallization centers, i.e. they fill voids in the microstructure of the cement paste and
physically stimulate cement hydration in the first few days of hardening and compact the structure of
the cement matrix.

However, such materials must provide a number of properties inherent in 3D printing, in particular
the necessary mobility, ensuring pumpability from the printer pump to the nozzle [2], as well as the
formability of the mixture, structural strength after a certain time of layer hardening, tensile strength
when heated, and are also characterized by adhesion between layers. Thus, the effective use of
industrial waste of technogenic origin is relevant at the present time and, as a result, it is possible to
achieve the optimal composition of the mixture, providing the necessary extrusion and mechanical
characteristics of concrete.

1. Dvorkin, L.; Marchuk, V.; Hager, I.; Maroszek, M. Design of Cement—Slag Concrete Composition for 3D Printing.
Energies (Basel) 2022, 15. https://doi.org/10.3390/en15134610
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Mapkis // JIsBiB: Bugasuuurso JIIT, 2010. -132 c.

3. KpormBuunpka T. IT., IBaugumun I'. C., CemeniB P. M. HuzbkoeMmiciiini 6araToKOMIOHEHTHI IEMEHTH B TEXHOJIOT1i
OyniBensHuUX po3unHiB // Bicank OJIABA. 2017. Bum. 68. - C. 70-75.
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VY cydacHOMy OyIiBHUIITBI BajJIMBE MICILIE MOCIIa€ HE JUIIe (yHKIIOHAIBHICTh BUKOPUCTAHUX
Marepialis, aje i IX BiIIOBIJHICTh KPHTEPisM CTAJIOr0 PO3BUTKY CYCIILIBCTBA, A B ifeali — 34aTHICTh
3a0e3nevyyBaTi eKOJIOTIYHICTh MaTepialiB i KOHCTPYKIIIH Ha iX OCHOBI.

OpHUM 13 OCHOBHHX Oy/IiBEIbHUX MaTepialliB Ha TaHUH MOMEHT € O€TOH 1 BUPOOH Ha HOTO OCHOBI,
SIKI B TOMY YHM iHIIIOMY BHIJISIIII 3aCTOCOBYIOTHCS y OUIBIIOCTI OyMiBENIbHUX KOHCTPYKLIH 1 criopy/.
BianoingHo, 1mocrae 3ajmaya 3a0e3MEUMTH 3a3HA4Y€HI BHILNE ITOKA3HHUKH EKOJIONIYHOCTI Ta
BIJINOBIZHOCTI KPUTEPIsIM CTAJOr0 PO3BUTKY Ul OETOHHMX KOHCTPYKIH 3arajabHOOY/iBEIbHOIO
npusHadyeHHs [1].

Lle moxxe OyTH peanizoBaHO TpaJULIHHUM BXe LUIIXOM BHKOPHCTAHHS Y CKJIaJl LIEMEHTY Ta
OETOHHOI CyMillli YUCIEHHUX 1 PI3HOMAHITHUX BIJXOJIB 1 CYIyTHIX NPOAYKTIB BUPOOHMITBA, IO
caMo 1o co0i 3HMKYE €KOJIOTiYHEe HABAaHTaXKCHHS BiJl BATOTOBJICHHS OETOHHUX CyMillIeH 1 3MeHITye
BUKOPHCTAHHS NPHPOIHHUX CUPOBMHHUX MatepianiB [2]. Boanowac, Takuil miaxiJ jaMIie 3MeHIIye
BUKOPHCTAaHHS IPUPOAHOT CHPOBHHH i KOMIICHCYE HETATHBHUMN BIUIUB Ha €KOJIOTIIO BiJl HAKOITMYEHHS
HOBHX IOPIiH IPOMUCIIOBHX BiJXOAIB, 3aJIMIIAI0OYH, HATOMICTb, BIIKPHTHM IIUTAHHS ITOKPAIICHHS
€KOJIOTYHOCTI HABKOJIHMIIHBOI'O CEPEIOBUIIA 3 TOYKU 30py KOMIIEHCALii BXKe 3aBJaHOi IIKOAN.

[HIIMM MiAXOMOM € BUKOPHCTaHHsS Yy CKiIajai OymiBeNbHUX Marepiaiis, i, 30Kkpema, OETOHiB,
MOAM(IKYIOUMX J100AaBOK, 3AaTHUX MiJIBUILYBAaTH COPOLIHY 3/1aTHICTh MaTepially MO BiJHOILEHHIO
JI0 WIKIUTMBUX pedyoBuH [3]. 3 aHami3y JTiTepaTypHHUX JKEPE, B TOMY YHCII, KIITACHYHUX MTPALlb 3 XiMii
METaJIiB, BIJOMO, 110 3HAYHHUMHU COPOLIIMHIMHU BIACTHBOCTSIMH MOYTh BOJIO/ITH CIIOJIYKU THTAHY.
30kpeMa, TiPOKCH TUTaHy, SIKMW € JOCTaTHbO IMOLIMPEHUM MAaTepialioM 1 BUKOPHCTOBYETHCS Y
PI3HUX TaIIy3sIX IPOMHCIIOBOCTI.

lizpokcyn THTaHY B 3arajlbHOMY BUIIAAKY MO>Ke OyTH IPEICTaBICHUH y 1BOX GopMax — y BUIIISII
cTablILHOTO PYTHILY Ta y BUIIISAl MeTacTtabiibHOro aHatasy. IlpoBefeHi aBTopamMu MpeicTaBIeHOT
poGOTH IOCIIKeHHs OKa3alu, 110 BUKOPUCTAHHS PYTHIY Maibke HEe BIUIMBA€E Ha COPOLiHI
BJIACTUBOCTI MaTepiajiB 3 HOTo JI0/laBaHHSIM, HATOMICTh BUKOPHUCTAHHS aHATa3y J03BOJISIE CYTTEBO,
Ha JICCATKH BIICOTKIB, MIBUIIUTH COPOLiiTHI BIACTUBOCTI OCTOHIB IO BiJJHOILICHHIO JI0 CEPEIOBHIIIA,
110 MICTUTB 3Ba)KEHI1 CIIOJTYKH BaXKKUX METaJIiB y nOBITpi. [I[po0ieMoro BUKOpUCTaHHS aHATa3y € caMme
WOro MeTacTablIbHICTh, OCKUIBKH TMOPYLICHHS HOTO CTaHy NPHU3BOAWUTH JIO TEPEeKpHCTai3amii
JIOKCHUY TUTaHY B PYTHII i CYIIPOBOJKYETBCS BTPATOIO BIIACTUBOCTEH.

Takum 49uHOM, OYJIO JTIOBEAECHO MOJKIIMBICTH OTPUMAaHHS OCTOHIB 3 MiJBUIICHUMHU COPOIIHUMHU
BJIACTUBOCTSIMU I10 BiJJHOLIEHHIO 10 CEPEIOBHUILA 3 BUCOKUM 3a0pYIHEHHAM BaXKKMMH METajIaMH B
aTMocdepi Ta JOBEICHO BHCOKY €(EKTHBHICTH BHUKOPHUCTaHHS aHarady. HactymHum erarnom
JIOCITI/DKEHb Oylle BHBYCHHS MOJXKJIMBOCTI 3a0e3redyeHHs cTaOiIbHOCTI BUKOPUCTAHHS JIIOKCHAY
THTaHy Yy BUIJIAZi aHATa3y i CTBOPEHHsS YMOB JJI YHUKHEHHs HOro mepexojy y CTPyKTYpHHUiH cTaH
pyTHiy.

1. Kryvenko, P., Rudenko, 1., Sikora, P., Sanytsky, M., Konstantynovskyi, O., & Kropyvnytska, T. (2024). Alkali-
activated cements as sustainable materials for repairing building construction: a review. Journal of Building
Engineering, 109399. https://doi.org/10.1016/j.jobe.2024.109399

2. Krivenko, P., Petropavlovskyi, O., Kovalchuk, O., Lapovska, S., Pasko, A. (2018) Design of the composition of
alkali activated portland cement using mineral additives of technogenic origin. Eastern-European Journal of
Enterprise Technologies, Ne 4(6), 6-15. https://doi.org/10.15587/1729-4061.2018.140324

3. Sopov, V., Pershina, L., Butskaya, L., Latorets, E., & Makarenko, O. (2017). The role of chemical admixtures in
the formation of the structure of cement stone. In MATEC Web of conferences (Vol. 116, p. 01018). EDP Sciences.
https://doi.org/10.1051/matecconf/201711601018
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In modern construction, an important place is occupied not only by the functionality of the
materials used, but also by their compliance with the criteria of sustainable development of society,
and ideally - the ability to ensure the environmental friendliness of materials and structures based on
them.

One of the main building materials at the moment is concrete and products based on it, which in
one form or another are used in most building structures and buildings. Accordingly, the task arises
to ensure the above-mentioned indicators of environmental friendliness and compliance with the
criteria of sustainable development for concrete structures of general construction purposes [1].

This can be implemented in a traditional way by using numerous and diverse waste and by-
products of production in the composition of cement and concrete mixtures, which in itself reduces
the environmental load from the manufacture of concrete mixtures and reduces the use of natural raw
materials [2]. At the same time, this approach only reduces the use of natural raw materials and
compensates for the negative impact on the environment from the accumulation of new portions of
industrial waste, leaving open, on the other hand, the issue of improving the environmental
friendliness of the environment in terms of compensating for the damage already caused to nature.

Another approach is the use of modifying additives in the composition of building materials, and,
in particular, concrete, capable of increasing the sorption capacity of the material in relation to
harmful substances [3]. From the analysis of literary sources, including classical works on the
chemistry of metals, it is known that titanium compounds can have significant sorption properties. In
particular, titanium hydroxide, which is a fairly common material and is used in various industries.

Titanium hydroxide can generally be represented in two forms - in the form of stable rutile and in
the form of metastable anatase. The studies conducted by the authors of the presented work showed
that the use of rutile has almost no effect on the sorption properties of materials with its addition,
while the use of anatase allows to significantly, by tens of percent, increase the sorption properties of
concretes in relation to the environment containing suspended heavy metal compounds in the air.

The problem of using anatase is precisely its metastability, since the violation of its state leads to
the recrystallization of the titanium dioxide structure into stable rutile and is accompanied by the loss
of sorption properties.

Thus, the possibility of obtaining concretes with increased sorption properties in relation to the
environment with high pollution by heavy metals in the atmosphere was proven and the high
efficiency of using anatase was proven. The next stage of research will be to study the possibility of
ensuring the stability of using titanium dioxide in the form of anatase and creating conditions to avoid
its transition to the structural state of rutile.

1. Kryvenko, P., Rudenko, 1., Sikora, P., Sanytsky, M., Konstantynovskyi, O., & Kropyvnytska, T. (2024). Alkali-
activated cements as sustainable materials for repairing building construction: a review. Journal of Building
Engineering, 109399. https://doi.org/10.1016/j.jobe.2024.109399

2. Krivenko, P., Petropavlovskyi, O., Kovalchuk, O., Lapovska, S., Pasko, A. (2018) Design of the composition of
alkali activated portland cement using mineral additives of technogenic origin. Eastern-European Journal of
Enterprise Technologies, Ne 4(6), 6-15. https://doi.org/10.15587/1729-4061.2018.140324

3. Sopov, V., Pershina, L., Butskaya, L., Latorets, E., & Makarenko, O. (2017). The role of chemical admixtures in
the formation of the structure of cement stone. In MATEC Web of conferences (Vol. 116, p. 01018). EDP Sciences.
https://doi.org/10.1051/matecconf/201711601018
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Mera JOCTIDKEHHS — BUBYEHHS! BUKOPUCTAHHS IUIUT MEPEKPUTTS B CEUCMIYHUX pallOHax Ta MpU
PYHHYBaHHSIX ITicyisi OOCTPUTIB METOJIOM IMIABUIIEHHS 1X ceficMOCTikocTi Ta MinHocTi. [lifBuiieHa
MIIHICTH CHOPYAM MOXe OyTH JOCSTHyTa 3 BpaxyBaHHAM KOMIUICKCHHX [IPOEKTHHX,
KOHCTPYKTOPCHKHX, OyIiBEIbHUX Ta €KCIUTyaTallifHUX 3aXOXiB, HOTO IUIAHYBAaHHS, BIIIOBIIHIMHI
00’€MHO-IUIAHYBAJIBHUMH ~ PIMICHHAMH CIIOpPYZA, 3aCTOCYBaHHS BIINOBITHUX MarepiamiB i
KOHCTPYKTUBHHUX PillIeHb, CIIOCTEPEKESHHSIM 3a CTAHOM KOHCTPYKLIT B XOI1 €KCIUTyaTallii Criopy/u.

Koncrpykuii OyaiBenb TPOEKTYIOTHCS 3 TO3JAO0BKHIMEH 1 TMOTMEPEYHUMH CTiHAMH (COTOBa
CTPYKTYpa), 110 NOETHAHI M)XK COO0I0 MEPEKPUTTIMH 1 TOKPUTTSMH B €JJHHY IIPOCTOPOBY CUCTEMY.

Pe3ynbTaT HAYKOBO-TEOPETHYHHX JOCITI/DKCHb 1 TPAKTUYHHH JOCBiA CIOPY/DKCHHS i
eKCIUTyaTalii 0araTornoBEepXOBUX CIIOPYA B CEHCMIYHMX pallOHaX JO3BOJIMB PO3POOMTH OCHOBHI
MPUHLMIK, YMOBH, TEXHOJIOTII0 1 METOAM, SKi BHKOPHCTOBYIOTBCS IIPU HPOEKTYBaHHI
KPYITHOIAHEIbHHUX CIIOPY/l, BKIIOUAIOUH:

1. IMaHeni CTiH i IEPEKPUTTIB BUKOHYIOTh Ha BCIO KIMHATY;

2. KoHCTpyKIIii MIXKITOBEPXOBUX MEPEKPUTTIB 1 MOKPUTTIB CEHCMOCTIHKMX OYAMHKIB i CIIOPYZI
MPOEKTYIOTHCS Y BUIISAL )KOPCTKUX TOPU30HTAIBHUX JUCKIB, SIKI PO3MIIIYIOTHCS HAa OTHOMY
PiBHI KOXKHOTO IIOBEPXY, B MEKaX BiJCIKY;

3. T'opu3oHTaNbHI KOHCTPYKIIT MEPEKPUTTIB 1 MTOKPHUTTIB HAMIHHO 3’ €IHYIOTHCS 3 BEPTUKAIBHO
PO3TaIIOBAHIUMH KOHCTPYKIISIMH OChOBOI CIOPY/IH, 3a0€3MeUy0dYr THUM CaMHM iX CYMiCHY
pobOTY mpu celcMiYHMX AisiX. BepTukalibHI 1 TOPU30HTANIbHI CTHKOBI 3’€HAaHHS MaHeleH
MO3/IOBXKHIX 1 IONEPEYHUX CTIH MK COOOK 1 3 MaHENsIMH HEepPeKpUTh 3IHCHIOITH 3a
JOTIOMOTOI0 ~ CJICKTPO3BAPIOBAHHS apMaTypHHX BHITYCKIiB, 3aKJIaiHHX JeTaledl 4m 3a
JOIIOMOr00 OONTOBHX 3’€[HAaHb, 3 HACTYIHHM 3aMOHOJNIYYBAaHHSIM BEPTHKAJIBHHX 1
TOPU30HTAILBHUX MOHTAXXHHX CTHKIB JpiOHO3epHHUCTHM OeToHOM Kiacy He Hmxkde C20 i He
HWK4YE Ki1acy OeTony maneneit. Bei TopiieBi rpaHi nanenei CTiH i HepeKpPUTh, M0 CTUKYIOTHCS
i 3aMOHOJIIYYIOThCS, BUKOHYIOThCS 3 pU(IeHUMHU (IITMOHKKM) YU 3yOYaCTUMU TOBEPXHSIMHU.
I'muOuHy mIoHOK i 3yOLiB MPUHMAalOTh He MeHIIe 4 cM;

4. 3acTOCOBYIOTBCS MOHOJIITHI 3aJ1i300€TOHHI 00B’5I13KM (aHTHCEHCMIYHI MTOSICH ), 1110
PO3TAIIOBYIOTECA Y PiBHI MIXKIIOBEPXOBUMU IIEPEKPUTTIB 3 aHKCPYBAHHSAM 1 aHTHCEHCMIUHI
MOSICH apMATyPHUX BUITYCKIB 13 IUTHT.

HeobxinHa KOPCTKICTh KOHCTPYKIIiH 30ipHUX 3a1i300€TOHHUX MIXKIIOBEPXOBUX MEPEKPHUTTIB
3a0e3redyeThes 32 paXyHOK OONMpaHHs KOHCTPYKIIII Ha 30BHINIHI CTIHU i CTIHM aHTHCEHCMIYHUX
mIBIB, 10 Tepea0adeHo 3 BpaxyBaHHSIM OOXBAaTy BEPTHKaJIbHOI apMaTypH CTIHOBHX IIaHeJNeH
apMarypolo LIBIB, 10 IPUBAPEHI JI0 BUITYCKIB apMaTypH IUIUT HEPEKPHUTTS.

1 Berdnyk O, Lastivka O, Maystrenko A, Amelina N. Processes of structure formation and neoformation of basalt
fiber in an alkaline environment. IOP Conf. Series: Materials Science and Engineering. 2020; 907: 012036.
https://doi.org/ 10.1088/1757-899X/907/1/012036.

2. Gots V, Lastivka O, Berdnyk O, Tomin O, Mehet V. Physical-Mechanical properties of powder coating in the
system “Film-Forming — Crosslinking Agent”. AIP Conference Proceedings. 2023; 2840: 020002-1-020002-7
https://doi.org/10.1063/5.0170261
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The purpose of the study is to study the use of floor slabs in seismic areas, and in case of destruction
after shelling by increasing their seismic resistance and strength. Increased strength of the structure
can be achieved taking into account comprehensive design, engineering, construction and operational
measures, its planning, appropriate spatial planning solutions of structures, the use of appropriate
materials and constructive solutions, monitoring the condition of the structure during the operation
of the structure.

Building structures are designed with longitudinal and transverse walls (cellular structure), which
are interconnected by floors and coatings into a single spatial system.

The results of scientific and theoretical research and practical experience in the construction and
operation of multi-storey buildings in seismic areas allowed us to develop the basic principles,
conditions, technology and methods used in the design of large-panel structures, including:

1. Wall and ceiling panels are made for the entire room;

2. The structures of interfloor ceilings and coverings of earthquake-resistant buildings and
structures are designed in the form of rigid horizontal disks, which are placed at the same level
of each floor, within the compartment;

3. Horizontal structures of ceilings and coverings are reliably earned and connected to vertically
located structures of the structure's frame, thereby ensuring their compatible operation during
seismic actions. Vertical and horizontal butt joints of panels of longitudinal and transverse walls
between themselves and with ceiling panels are carried out by means of electric welding of
reinforcement outlets, embedded parts or by means of bolted connections, with subsequent
monolithic vertical and horizontal assembly joints with fine-grained concrete of class not lower
than B15 and not lower than the class of concrete of panels. All end faces of wall panels and
floors that are joined and monolithic are made with grooved (keys) or toothed surfaces. The
depth of the keys and teeth is taken to be at least 4 cm;

4. Monolithic reinforced concrete straps (anti-seismic belts) are used, which are located at the level
of inter-storey floors with anchoring and anti-seismic belts of reinforcement outlets from slabs.

The necessary rigidity of prefabricated reinforced concrete inter-storey floors is ensured by
supporting the structures on the external walls and walls of anti-seismic joints, which is provided
taking into account the coverage of the vertical reinforcement of wall panels by the reinforcement of
joints welded to the reinforcement outlets of the floor slabs.

1. Berdnyk O, Lastivka O, Maystrenko A, Amelina N. Processes of structure formation and neoformation of basalt
fiber in an alkaline environment. IOP Conf. Series: Materials Science and Engineering. 2020; 907: 012036.
https://doi.org/ 10.1088/1757-899X/907/1/012036.

2. Gots V, Lastivka O, Berdnyk O, Tomin O, Mehet V. Physical-Mechanical properties of powder coating in the
system “Film-Forming — Crosslinking Agent”. AIP Conference Proceedings. 2023; 2840: 020002-1-020002-7
https://doi.org/10.1063/5.0170261.
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BcraHOBUTH JMHAMIKY MIIHICHHX XapaKTEPHCTUK IUIAKONOPTIAHIALEMEHTY, MOIH(pIKOBAaHOIO
CKJIOIIOPOIIKOM, 3 METOIO OOIPYHTYBAHHS HOTO 3aCTOCYBAHHS Y KOHCTPYKILSIX JOPOXKHIX TOKPHTTIB.
OO0'exTHBHI TOTPEOM pPO3BUTKY BHUPOOHHULTBA OOYMOBHJIM CTBOPEHHS HOBHMX MaTepialiB 3
MiIBUIICHIMH 3Ha4eHHSAMH (Di3HKO-MEXaHIYHUX Ta CIeLialbHUX BiIacTuBocTeil. Ha cydacHomy
eTani eKOHOMIYHOIO PO3BUTKY KpalHH N0 YHC/IA HalOUIbII BaXIMBUX HMHTAHb, 10 BH3HAYAIOTH
PiBEHB 1 IPHCKOPEHHS HAyKOBO-TEXHIYHOTO IIPOrPeCy B IPOMHUCIOBOCTI, € 3HIKCHHS MaTepiano Ta
CHEPrOEMHOCTI, IiJBUIIECHHS SKOCTI ICHYIOUHMX 1 po3poOka HOBHX e(EKTHBHUX MaTepialiB, NpH
YMOBI IIMPOKOrO BUKOPHCTAHHS IIPOMHCIOBHX BinxoniB. CbOrOIHI 3 PO3BUTKOM TEXHIYHOI'O
nporpecy, 301IbLIEHHSM TPAHCIIOPTHOTO BAaHTAKOMOTOKY i CTBOPEHHSM PO3Tally’K€HOI JOPOKHBOT
Mepexi MoTpiOHi yce OibII JOCKOHAI MaTepiasu Juls CIOpyKeHHs Jopir. Jlo Jopir BUCYBaeThCs
PsLII BUMOT TaKHUX SK: JIOPOJKHE MOJOTHO HE TIOBUHHE PYHHYBATHCS IIPOTATOM TPUBAJIOTO Yacy i Ipu
[bOMY MaTH IiJBHILEHY MPOITYCKHY CIIPOMOKHICTb Ta BUTPUMYBATH BEJIMKI HaBaHTaxeHHs. [Lnutu
JOPOXKHI IIHPOKO 3aCTOCOBYIOTBCS IS OYIIBHHIITBA IOPIr IiJ BaHTAXHUI TpaHCIOPT. 3a
pe3yibTaTaMi JOCITIZXKEHb CKJIaJ HPOIYKTIB rifparamii IUIAKONOPTIAHALEMEHTIB, 1[0 BMIIIYIOTH
ONTUMAIIBHY KUIBKICTh MEJICHOTO CKJIONOPOLIKY, NPH PiSHUX KUIBKOCTSX I'PAaHYJIBOBAHOIO JOMCHHOIO
1JIAKY, MOYKHA 3a3HAYUTH, 1110 IPU 30UIBLIEHH] BMICTY I'PaHYJIbOBAHOIO JIOMEHHOr0 1uiaky Big 20 go 60
Mac. % y CKJIaji MPOYKTIB Tiparartii 3SMeHIIYeThCS KUIBKICTh BUCOKOOCHOBHHX TiJIPOCHITIKATIB KaJIbL{iFO
Ta 30UIBIIYETHCS KUIBKICTh HU3bKOOCHOBHHUX T1IPOCHITIKATIB Kautblitfo. HalO1bIni 3HAYEHHS! MIITHOCTI
IITYYHOTO KAMEHIO, OTPMMAHOIO Ha OCHOBI UIIAKONOPTIAHALEMEHTY 3 BMicToM 40%
TrpaHyJIbOBaHOTO IOMEHHOTO HITAKY 1 5% CKIIOMOpPOIIKY.

PamioHanbHe BHKOPHUCTaHHS JOMECHHUX IUIAKIB € BaXIMBHM pE3EPBOM  IIiJBHINCHHS
e(eKTUBHOCTI METAIYprifHOrO 1 IIEMEHTHOTO BHPOOHMITBA. J[OMEHHI NUIAKM € TMOBHOI[IHHUM
HOPOAYKTOM JUIsi BUPOOHMITBA OyIiBEIbHMX MaTepialiB, BOHM LIMPOKO BHUKOPHUCTOBYIOTHCS Y
OyniBHuLTBI. IIpu BUPOOHULTBI LIEMEHTY IpaHyIbOBaHMH JOMEHHHMH IIIaK BUKOPUCTOBYETHCS Yy
SKOCTI aKTUBHOI TiZpaBiIiyHOI J0OABKH 1 B HEBEJIMKOMY 00 €M - B SIKOCTI OJJHOTO 13 KOMIIOHEHTIB
CHPOBHHHOT CyMillli.

ToMmy BHMCOKI IMOKa3HMKH KiHETHKM HaOOpy MILIHOCTI Ta eKCIUlyaTalliiHMX XapaKTepHCTHK
CBiYaTh TPO JOBIrOBIYHICTP OTPUMAHHX OCTOHIB, SIKI MOXYTb OYTH pPEKOMEHIOBaHI [0
BUKOPUCTaHHS:

- B MOHOJIITHOMY Oy/1iBHHIITBI;

- IpH 3BeJeHHI OyaiBeNb 1 CIOpYH CIeLiaIbHOrO NpH3HAYeHHs (TigpoTexHiuHe OyHiBHMITBO,
JIOPOKHI OCTOHH TOIIO);

- Ul BUPOOHMIITBA CIIEIiajIbHUX OETOHIB Ta OETOHIB BUCOKOI SIKOCTI;

- Y OTPUMAHHI 3aXMCHUX TTOKPUTTIB JUIsl 3113006 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.

3. F. A. Olutoge and C. Strength. (2016). Effect of Waste Glass Powder (WGP) on the Mechanical Properties of
Concrete,” Am. J. Eng. Res., vol. 38, no. 511, pp. 2320847, [Online]. Available: www.ajer.org
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To establish the dynamics of the strength characteristics of slag Portland cement modified with
glass powder in order to justify its use in road pavement structures.

The objective needs of production development have led to the creation of new materials with
enhanced physical, mechanical and special properties. At the current stage of the country's economic
development, the most important issues that determine the level and acceleration of scientific and
technological progress in industry are the reduction of material and energy intensity, improvement of
the quality of existing materials and development of new efficient materials, provided that industrial
waste is widely used. Today, with the development of technological progress, an increase in traffic
and the creation of an extensive road network, more and more advanced materials are needed for road
construction. A number of requirements are imposed on roads, such as: the roadway should not be
destroyed for a long time and at the same time have increased capacity and withstand heavy loads.
Road slabs are widely used for the construction of roads for freight transport and vehicles with a large
tonnage

According to the results of studies of the composition of hydration products of slag Portland
cements containing the optimal amount of ground glass powder at different amounts of granulated
blast furnace slag, it can be noted that with an increase in the content of granulated blast furnace slag
from 20 to 60 wt. % in the composition of hydration products, the amount of high-base calcium
hydrosilicates decreases and the amount of low-base calcium hydrosilicates increases. The highest
strength values of artificial stone obtained on the basis of slag Portland cement containing 40% of
granulated blast furnace slag and 5% of glass powder.

Rational use of blast furnace slag is an important reserve for improving the efficiency of
metallurgical and cement production. Blast furnace slag is a valuable product for the production of
building materials and is widely used in construction. In cement production, 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.

Therefore, the high rates of strength gain kinetics and performance characteristics indicate the
durability of the resulting concretes, which can be recommended for use:

- in monolithic construction;

- in the construction of buildings and structures for special purposes (hydraulic engineering,
road concrete, etc.)

- for the production of special concrete and high quality concrete;

- for the production of 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.

3. F. A. Olutoge and C. Strength. (2016). Effect of Waste Glass Powder (WGP) on the Mechanical Properties of
Concrete,” Am. J. Eng. Res., vol. 38, no. 511, pp. 2320847, [Online]. Available: www.ajer.org
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VY naniii poOoTi BupillyBajach 3amada po3poOKu peakuiiiHo-nopomkoBux OeroniB (PIIB)
MiIBUIIEHOT e(peKTHBHOCTI 3a PaXxyHOK BHKOPHUCTAHHS JY)KHO-aKTHBOBAHUX LIEMEHTIB Ha OCHOBI
MOOIYHMUX MPOJYKTIB Ta MPOMMCIIOBUX BiAXO/iB BUPOOHUITBA [1] i mocaijkeHHs 1X cremialbHuX
(i3UKO-MEXaHIUHUX XapaKTePUCTHK — MIIHOCTI HAa CTHCK Ta 3IMH, YAApHOI MIIHOCTI i
TPILMHOCTIMKOCTI, 1110 00YMOBIICHO MOTpebaMK Yacy Ta BiliCbKOBO-TIOJIITHYHOI CUTYAIlil Y CBITi i B
VYkpaini 30kpema [2].

B stkOCTI aIFOMOCHITIKATHOT CKII0BOI B'sKY401 PEYOBHHH Oyiia BAKOPUCTAaHA CyMill "IOMEHHUI
LJIaK : MOPTJIAHIIeMeHT" 13 BMICTOM B Hill mopTiaHaueMeHty 5...45 mac.%. B sikocti y:kHOTO
KOMIIOHEHTa — PO34YMHHI CHIIIKaTH HaTpito 3 Mc = 1...3.

YaapHa MiLHICTh BU3HaYa1ach 3a METOMKOIO [3] Ha 3pazkax-kyoax 10x10x10 cm.

V pesynbrati otpumani HaamBuaKoTBepAHY4Yl PI1B GeToHH 3 MIIHICTIO HA CTHCK Yepe3 3 TOIUHI
—19...28 MIla, uepe3 1 100y — 36...40 MI1a, uepe3s 28 ni6 — 78...130 MIIa, uepe3 360 1i6 — 88...144
MIla i3 cHiBBIAHOIICHHS MIIHOCTI Ha CTHCK JO MIIHOCTI 3THH 5,3...5,9, 1m0 BKa3zye Ha BHCOKY
TPILMHOCTIMKICTH OETOHIB.

Pe3ynbraTu BUIpOOyBaHb Ha yapHy MinHicTb npejcrasieni y Ta6u.1 i na Puc.1.

Ta6n. 1 — Ynapua minnicts PITB pisHoro ckiaxy

No Tgp 3paska Bararupi, | Bucota pa,uiHHs[ KiJ‘ILKiSTL yaapis 1o |Enepris pyﬁH}}’BaHHS{,
KT THpi, M pyHHYBaHHS KJx/m
1 | IO (aucuiikar) 2 1 220 4316,4
2 | TIM (meracuiikar) 2 1 171 3355,0
3 | TIIT (n/uemenT) 2 1 152 2982,2

a 6
Puc.1. YaapHa cTiiiKiCTh peakiiiHO-IOPOIIKOBHX OETOHIB Pi3HOTO CKIIay:
a - PTIb Ha ocHOBI MeTacuitikaty HaTpito; 6 - PIIb Ha ocHOBI qucHIIiKaTy HaTpito;
6 - PITb Ha OCHOBI NOPTJIAH/LIEMEHTY 3 BUKOPHCTAHHIM cyrepruiactudikaropa

1. Krivenko P.V., Petropavlovsky O.N., Gelevera A.G., Vozniuk G.V., Pushkar V.I. Commercially-produced
alkaline cements and their efficiency Scientific-Technical Collection "Resource-Saving Materials, Structures,
Buildings and Structures”, no. 18, 2009. P. 64-71.

2. Chang Yu Kuo, Ying-Kuan Tsai, Jo Yen Nieh, Yi Shiuan Tian An Experimental Study on Electromagnetic
Shielding Effectiveness and Impact Resistance of UHPC for Protective Facilities. Kay Engineering Materials,
Vol.983, 2024. P.87-95. DOI1:10.4028/p-O1A9s0 .

3. Pynmenxo, 1., lenesepa, O, Koncrantunoscsknii, O., & Pascamakin, A. (2024). PeakuiiiHo-10poIKkosi 6eToHN Ha
OCHOBi JTy)KHO-aKTUBOBAHOTO IeMeHTy. byniBenbHi koHcTpykmii. Teopis 1 mnpakruka, (15), 135-145.
https://doi.org/10.32347/2522-4182.15.2024.135-145

187



V Miscnapoona naykoso —npaxmuyna kongepenyisa «byoieni ma cnopyou cneyianbno2o npusHaients.:

cyuacnimamepianu ma koncmpykyiiy (14-16 mpasns 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Impact protection characteristics of reactive powder concretes
based on alkali-activated slag and portland cements

Volodymyr Gotz, Doctor of Engineering, Professor of the Department of Technology of
Building Structures and Products, http://orcid.org/0000-0001-7702-1609,

Oleksandr Helevera, PhD, Associate Professor of the Department of Technology of Building
Structures and Products, http://orcid.org/0000-0002-6285-9780,

Andrii Razsamakin, postgraduate student of the Department of Technology of Building
Structures and Products, http://orcid.org/0000-0001-5130-6059

Kyiv National University of Construction and Architecture

This work solved the problem of developing reaction-powdered concrete (RPC) with increased
efficiency by using alkali-activated cements based on by-products and industrial waste [1] and
studying their special physical and mechanical characteristics — compressive and flexural strength,
impact strength and crack resistance, which is due to the needs of the time and the military-political
situation in the world and in Ukraine in particular [2].

As an aluminosilicate component of the binder, a blast furnace slag : Portland cement mixture with
a Portland cement content of 5...45 wt.% was used. As an alkaline component — soluble sodium
silicates with Ms = 1...3 were used.

The impact strength was determined according to the method [3] on cube specimens 10x10x10 cm.

As a result, ultra-fast-curing RPC concretes were obtained with compressive strengths of
19...28 MPa after 3 hours; 36...40 MPa after 1 day; 78...130 MPa after 28 days; 88...144 MPa after
360 days with a ratio of compressive strength to flexural strength of 5.3...5.9, indicating high crack
resistance of the concretes.

The results of the impact strength tests are presented in Table 1 and Fig. 1.

Tabl. 1 — Impact strength of RPC of different composition

o Sample cod Weight of Height of kettle Number of hits Destruction
- ample code kettle bell, kg bell drop, m before destruction elr(lje/rr%%/,
1 | PD (disilicate) 2 1 220
PM (metasilicate) 2 1 171
3 | OPC (cement) 2 1 152

8

vy @

Fig.4. Impact resistance of reaction powder concretes of different compositions:
a — RPC based on sodium metasilicate; » — RPC based on sodium disilicate; ¢ — RPC based on Portland cement using
a superplasticizer

1. Krivenko P.V., Petropavlovsky O.N., Gelevera A.G., Vozniuk G.V., Pushkar V.I. Commercially-produced
alkaline cements and their efficiency Scientific-Technical Collection "Resource-Saving Materials, Structures,
Buildings and Structures”, no. 18, 2009. P. 64-71.

2. Chang Yu Kuo, Ying-Kuan Tsai, Jo Yen Nieh, Yi Shivan Tian An Experimental Study on Electromagnetic
Shielding Effectiveness and Impact Resistance of UHPC for Protective Facilities. Kay Engineering Materials,
Vo1.983, 2024. P.87-95. DOI:10.4028/p-O1A9s0 .

3. Rudenko, I. I., Gelevara, O. V., Konstantynovskyi, V. O., & Razzamakin, A. V. (2024). Reactive powder concretes
based on alkali-activated cement. Building Constructions. Theory and Practice, 15, 135-145.[in Ukrainian]
https://doi.org/10.32347/2522-4182.15.2024.135-145
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Meta nOCHiDKEHHST — TPOBECTH JOCIIDKEHHS BIUIMBY PELENTYPHOTO CKIIaay OCTOHIB 3
BUKOPHCTAHHAM BiJIXOAiB PELUKIIIHTY AJ1st TeXHoIoriT 3/1-1pyKy.

.31
2
s
5
LU
5 an 25 Ay

(L1 i5
Bagler phaxoiin peomstingy, %

Mimmlers v cvee, MIb

Puc.1 — MinHicTh Ha CTHCK OETOHY 3 BAKOPUCTAHHSIM BiZIXO/IIB PELIMKIIIHTY.

JlocnipkeHHs CpsIMOBaHE Ha aHaJli3 BIUTMBY PELCTITYPHOTO CKJ1aay OCTOHIB, 10 SIKUX J10/1aBaJIUCS
BIJIXOAM PELUKIIIHTY, Ha 1XHI ()i3UKO-MEXaHIuHI BIACTUBOCTI Ta MPUAATHICTH ISl TeXHOJOTIT 3D-
JpyKy. Y Tpoleci eKCHepHMMEHTIB BHKOPHCTaHO BIJIXOau OymiBeIbHOro OeToHy (IpoOeHwuid
OeTOHHMIA 111e0iHb ), IKI YaCTKOBO 3aMiHIOBAIHM TPAAUIIHI KOMIOHEHTH — ITICOK 1 IeOiHb.

ExcriepuMeHTH NPOBEAECHO HA 3pa3Kax i3 pi3HUM BiJCOTKOBUM BMICTOM BiIXOJiB penukiiHry: 10
%, 20 % Tta 30 % Bix 3aranbHOi MacH 3amoOBHIOBadiB. J[0 CKJIaJy TaKo>X BBOAWIINCS JT0OaBKH
iacTu(ikaTopu Ta MPUCKOPIOBaYl TBEPAIHHS. 3pa3Ku BUTOTOBJISUIMCS ABOMA CIIOCOOAMU: IUIIXOM
3D-apyky (exkcTpy3isi uepe3 COIIIO) Ta TPATULIHHUM JHTTAM y (OPMH Ul TOPiBHSHHS
xapakTtepuctuk. [licns 28 ni0 BUTPUMKU MPOBOJMIIKCS BUIPOOYBAaHHS Ha MILHICTh Ha CTHCK Ta
HIUTBHICTB. B pe3ynbraTi 1oCiimKeHb BUSABICHO, MO 3aMiHa 10 20 % TpaJuliiiHiX 3aIll0BHIOBAYiB
PELMKIBOBAHUM IleOEHEM JI03BOJIIE JOCSITH MIIHOCTI Ha CcTUCK y Mexax 25-30 MIla, uio
BIIMOBIIa€ BUMOTaM JiUIsi KOHCTPYKIIHHUX €JIEeMEHTIB HM3bKOMOBEpXOBHX OymiBenb. [Ipu mpomy
cymimi 30epiraam J0CTaTHIO MIACTHYHICTh (KoHcHcTeHwis 180-200 MM 3a pO3IIMBOM KOHYCA), IO
3a0e3meuyBaio cTabiipHe BHIABIOBaHHS Yepe3 corio 3D-npunTepa 6e3 po3iapyBaHHs. 3pa3ku 3
BMicTOM Bixo/iB noHax 30% qeMoHCTpyBaiy 3HWKEHHS MinHOCTI (10 18-20 MIla) Ta migBumeny
MOPHCTICTH, IO MOB’SI3aHO 3 HEOTHOPIIHICTIO PEIUKIBOBAHIX MaTepiaiiB Ta IXHBOK 3MEHIIECHO
aJire3i€ro 10 LEMEHTHOTO KaMEHIO.

TlopiBHsIHHST 3pa3KiB, BHUTOTOBICHHUX 3D-ApykoM Ta IHUTTSAM, [OKa3ajgo, LI0 HaJAPYKOBaHI
CJIIEMEHTH MaIOTh JICII0 HWKYY LIIBHICTh (Ha 5-7 %) dyepe3 momapoBe HAHECEHHS, alie MPH
NpaBUIBHOMY TiA0O0pI CKIIagy pi3HULS B MinHOCTI He nepesuiyBaia 10 %. Omxke, ONTHMaIbLHUM
BH3HAHO CKJIAJW 3 Jiala30HOM BMICTYy pELHUKIbOBaHOrO mebeHio B Mexax 10...20 %, sxi
3a0e3neuyloTh 0alaHC MK EKOJOTiYHICTIO, KOHOMIYHICTIO Ta TEXHOJIOrIYHICTIO it 3D-apyky.
OtpumaHi JaHi MiATBEP/UKYIOTh NMEPCIIEKTUBHICTh BUKOPHCTAHHS BiXOIB PEHUKIIHTY B O€TOHAX
JUISL aIUTHBHOTO OYy/IiBHUIITBA, CIIPHSIOYN 3MEHIIECHHIO BiZIXO/iB Ta pallioHaJIbHOMY BUKOPHUCTAHHIO
pecypcis.

1 Wolfs, Hardened properties of 3D printed concrete: the influence of process parameters on interlayer adhesion,
Cement Concr. Res., Ne 119, c. 132. http://dx.doi.org/10.1016/j.cemconres.2019.02.017
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The purpose of the study is to conduct a study of the impact of the recipe composition of concrete
using recycling waste for 3D printing technology.
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Fig.1 — Compressive strength of concrete using recycling waste.

The study is aimed at analyzing the impact of the recipe composition of concretes to which
recycling waste was added on their physical and mechanical properties and suitability for 3D printing
technology. In the process of experiments, construction concrete waste (crushed concrete, crushed
stone) was used, which partially replaced traditional components - sand and crushed stone.

Experiments were carried out on samples with different percentages of recycling waste: 10%, 20%
and 30% of the total mass of aggregates. The composition also included additives, plasticizers and
hardening accelerators - to improve rheological properties and reduce curing time. The samples were
made in two ways: by 3D printing (extrusion through a nozzle) and by traditional molding to compare
characteristics. After 28 days of exposure, compressive strength and density tests were performed.

As a result of the research, it was found that the replacement of up to 20% of traditional aggregates
with recycled crushed stone allows you to achieve compressive strength in the range of 25-30 MPa,
which meets the requirements for structural elements of low-rise buildings. At the same time, the
mixtures retained sufficient plasticity (consistency 180-200 mm according to the blurring of the
cone), which ensured stable extrusion through the nozzle of the 3D printer without delamination.
Samples with a waste content of more than 30% showed a decrease in strength (up to 18-20 MPa)
and increased porosity, which is associated with the heterogeneity of recycled materials and their
reduced adhesion to cement stone.

A comparison of samples made by 3D printing and casting showed that the printed elements have
a slightly lower density (by 5-7%) due to layer-by-layer application, but with the correct selection of
the composition, the difference in strength did not exceed 10%. Therefore, compositions with a range
of recycled crushed stone content within 10 ... 20% that strike a balance between sustainability,
economy and manufacturability for 3D printing. The data obtained confirm the prospects for the use
of recycling waste in concrete for additive construction, contributing to the reduction of waste and
rational use of resources.

1 Wolfs, Hardened properties of 3D printed concrete: the influence of process parameters on interlayer adhesion,
Cement Concr. Res., Ne 119, c. 132. http://dx.doi.org/10.1016/j.cemconres.2019.02.017.
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Mera JIOCHIJDKEHHST — MIABHIUTH CTiHKICTh nmopmiananeMenty o aii /= 800 °C 3a paxyHOK
¢dopmyBanHs y ¢azoBomy ckiani riopuanoi cuctemu CSH-NASH, mo mimaHyeTbcs JOCSTHYTH
IUIIXOM 3aMiHU YaCTHHH KJIIHKCPHOI CKJIaJJOBOT METAKAOIiHOM 3 OJJHOYACHHM BBEICHHSIM JIy>KHOTO
KOMIIOHEHTY.

JloBeIeHO MOSKIIMBICTD MiJIBUIIECHHS )KapOCTIHKOCTI IOPTIIAHALIEMEHTY IIPU BIUIUBI TEMIIEpaTyp
t=400...1000 °C 3a paxyHOK BUKOPUCTAHHSI 3aMiHM YaCTHHH KITIHKEPHOI CKJIa[IOBOT METAKAOIIHOM 1
3aMilllyBaHHS HATPiEBUM piI[KI/IM ckioM. Baenenus MeTaKaoniHy B IIPUCYTHOCTI JIY>KHOT'O
aKTHBATOPY 00YMOBIIIOE Bl/ZleTHICTb B IIPOJIYKTaX Tifipatarii mopTIaHIuTy Ca(OH)z, (hopmyBaHHs
C-A-S-H-dpa3  tumy  crpamtenrity  2CaO-Al203-2Si02-8H20 i neonmitonogioHUX
rizpoamtomMocuiikatiB  tumy rigponederniny NayO-Al03-2Si02-2H20. [lnaBHe mnpoTikaHHS
CTPYKTYPOYTBOPIOIOYMX IIPOLECIiB IPH BHCOKHX TEMIEpaTypaXx 3 IiJBUIICHHAM CTYIICHIO
(parmenTapHocTi  3abe3medyeTbcs  3amodiraHHsM  perigpatauii  CaO,  kpucTamizaui€ero
BHCOKOTeMIepaTypHoi ¢asu renenity 2Ca0-Al,03-SiO2 1 TONOTAaKTHYHOIO IEPEKPUCTATIZALIEI0
rinponedeniny B Hedenin Na,O-Al,03-2Si02 6e3 pyitHyBanHs cTpyKTypH (puc. 1). Bkazani npouecu
CTPYKTYPOYTBOPEHHsI OOYMOBJIIOIOTH ITiJIBHIIEHHS 3alUIIKOBOI MinHocti Bix 5,0...35,0 % no
58,6...204,6 %.

BusHaueHo  onTHManbHy ~— o0JIACTE  KOMIIOHCHTHOTO — CKJIAy  JIy)KHO-aKTHBOBAHOI'O
MOPTIAHALIEMEHTY JUIsl BUKOPHCTaHHS npu TeMiepatypax 1o 1000 °C 3a moka3HUKaMu MIIIHOCTI Ha
CTHCK, 3aJMIIKOBOI MiltHOCTI (puc. 2) i Tepmivynoi ycaaku. [Ipu BmicTi Metakaominy 17...30 % i
BUKOPMCTaHHI PiIKOro ckiaa ryctusoro 1170...1250 kr/m> 1eMeHT XapaKTepu3yeThCs BUCOKHMH
TepPMOMEXaHIYHUMH BIACTHBOCTSAMU — MIIHICTh Ha cTHCK > 30 MITa 3ammmkoBa MinHicTs > 70 %,
TepMmivHa ycaaka < 7 %.

165.16 + 1.83x; +47.
31, 692x12 — 40.67x2 +2.7x
R?=0.93

VWS Sy, gt

U
Cortont of mwtiacka

Puc.1 - Enexrponni mikpodororpadii moBepxui ckony  Puc.2 - Jliarpama 3MiHH 3aJIMIIKOBOT MIlTHOCTI JIY’KHO-

JIY)KHO-aKTHBOBAHOTO MOPTIAHALEMEHTY micis 28 1i6  akTHBOBaHOro moprianauementy npu = 800 °C

rigparauii i HarpiBanus 10 = 800 °C

1. Kryvenko, P, Rudenko, I, Sikora, P, Sanytsky M, Konstantynovskyi, O., & Kropyvnytska, T. (2024). Alkali-activated
cements as sustainable materials for repairing building construction: a review. Journal of Building Engineering, 90,
109399. https://doi.org/10.1016/j.jobe.2024.109399

2. Krivenko, P., & Kyrychok, V. (2021). Advances in geopolymer-zeolite composites — synthesis and characterization:
Monograph, in: P. Vizureanu, P. Krivenko (Eds.). IntechOpen, London. https://doi.org/10.5772/intechopen.93360
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The aim of the study is to increase the resistance of Portland cement to = 800 °C by forming a
hybrid CSH-NASH system in the phase composition, which is planned to be achieved by replacing
part of the clinker component with metakaolin with the simultaneous introduction of an alkaline
component.

The possibility of increasing the heat resistance of Portland cement at temperatures t = 400...1000
°C by replacing a part of the clinker component with metakaolin and mixing with sodium liquid glass
was proved. The introduction of metakaolin in the presence of an alkaline activator causes the absence
of Ca(OH)> in the hydration products of portlandite, the formation of C-A-S-H phases such as
stratlengite 2Ca0O-A1>03-2Si02°8H,0 and zeolite-like hydroaluminosilicates such as hydronephelin
Nax0O-Al203°2Si02°2H20. The smooth course of structure-forming processes at high temperatures
with an increase in the degree of fragmentation is ensured by preventing CaO rehydration,
crystallisation of the high-temperature phase of the 2CaO-Al,O3-SiO> helenite and topotactic
recrystallization of hydronepheline into nepheline Na>O-Al203°2SiO; without destroying the
structure (fig. 1). These structure formation processes lead to an increase in residual strength from
5.0...35.0 % to 58.6...204.6 %.

The optimal region of the component composition of alkali-activated Portland cement for use at
temperatures up to 1000 °C was determined in terms of compressive strength, residual strength (Fig.
2), and thermal shrinkage. With a metakaolin content of 17...30 % and the use of liquid glass with a
density of 1170...1250 kg/m>, the cement is characterized by high thermomechanical properties:
compressive strength > 30 MPa, residual strength > 70 %, and thermal shrinkage <7 %.
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OCHOBHOIO METOI0 POOOTH € PO3pOOKa TEXHONIOTIT epepoOKH BTOPHHHUX MiHEPAJIbHUX pecypciB
y edexTuBHI OyIiBenbHI Marepiany, IO CIPHATHME MOKPAIICHHIO CTaHy HaBKOJHUIIHBOTO
HOPHPOJHOTO CepenoBHUIIa. B SKOCTI IpuKIamy 3alpolnOHOBAHO BUPINICHHS NPOOIEMHU YTHIIi3amii
BiANpanboBaHUX (GopMyBanbHUX cyMimel (BOC).

Ha rteputopii [IpunHinpos’s, 30kpeMa Ha 3BaIUIIAX, BiBalax i B CHEIiali30BAHUX CXOBHIIAX,
HAKOIMYCHO JCCSATKH MUIBHOHIB TOHH DPI3HHX BTOPHHHUX MIHEPAIBHHX PECYpCIB, Cepel SKUX
HEePeBAXKAIOTh  BiINpanboBaHi  (GOpMyBaJIBHI CyMilli METaIyprifHHX 1 MamMHOOYIIBHHX
MIAPUEMCTB, @ TAKOK 30JIOIUIAKOBI BIIXOAM TEIUIOBHX €JIEKTpocTaHwii [1].

KomruiekcHi TeopeTHuHi i eKcriepuMeHTaIbHI JOCIIPKeHHs I0BEIIH, 1110 BiOpOBaKyyMyBaHHS €
OUIBII e()eKTHBHUM METOJIOM YIIIJIbHEHHSI OETOHIB Ha OCHOBI 30JI0NUIAaKOBUX cyMmileit 1 BOC, Hix
TpajuiiliHe BiOpamiliHe yIIiIbHEHHS. 3aCTOCYBaHHS BiOpaIifHOro BakyyMy 3a0e3Iedye IIiIBH-
LICHHS LIIJIBHOCTI, MIIIHOCTI, MOPO30CTIMKOCTI Ta iHIINX (Di3UKO-MEXaHIYHHX BIACTHBOCTEH OeTO-
HiB. KpiM Toro, y BHIajKy OCTOHIB 3 OJHAKOBHM PiBHEM MIIIHOCTi MOXJIMBE 3HIDKCHHS BUTpPAT
LEMEHTY, a TaKOXK peaizallis HeraiHol po3nanyOKu Ta CKOPOUEHHs TPUBAJIOCTI TEPMidHOI 00p06-
ku. BapTo 3a3HaunTy, 10 3aIpPONOHOBAHA TEXHOJOTIS HE NMOTpedye CYTTEBUX KaIliTalOBKIIA/IEHb,
OCKIIBKM TPYHTYEThCS HAa BHKOPHCTAHHI CTAHAAPTHOrO OOJAIHAHHS, IOMIMPEHOTO B Taiysi
BHUPOOHUIITBA 3aJ11300eTOHHUX BUPOOIB [1].

3 METOI TMOKpAILEHHs SKOCTI 30JI0IUIAKOBOr0 BaKyyMOETOHY 3alpONOHOBAHO JOJIaBaHHS JI0
OeToHHOI cyMimli HeBEIMKOI KUIBKOCTI €NEKTPONITY Ha erTami npuroryBaHHs. [IpoBeneHo
JIOCTIZIXKEHHS OCHOBHHX BJIACTHBOCTEH OCTOHIB, YIIIIPHECHHUX 3a JOIIOMOTOI0 BiOpaliifHOro BakyyMmy,
Ha OCHOBI BTOPMHHOI MIHEpalbHOI CUPOBUHM, Ta 31IHCHEHO MOPIBHAJIBHUI aHami3 i3 TpaauLiiHO
YILIJIbHEHUMHU OeToHaMH. Pe3ynbTaTu eKCrepUMEeHTIB MiATBEpANIN TIepeBark BakyyM-0eToHiB [2].
Haii0inbi 06’ €KTHBHY OL[IHKY XapaKTEPUCTUK MILJHOCTI Ta IHIIMX €KCIUTyaTallifHUX BJIACTUBOCTEH
OCTOHIB, BUTOTOBJICHUX 13 BHUKOPHCTaHHAM BTOPUHHHMX MiHEPAJIbHUX PECYPCIB Ta YIIIIbHEHHUX
BiOpaliifHUM BaKyyMOM, JOLUIBHO 3/1MCHIOBAaTH Yy BUPOOHMYMX YMOBaX, HAIPUKIAJ, HA 3aBOJAX
3aJ11300€TOHHUX BUPOOIB.

V xoxi nociimkeHHs OyJI0 TOBEACHO, [0 Ha OCHOBI BiINpanboBaHUX (HOPMYBAIBHHUX CyMilIei
METalyprilHuX 1 MamMHOOYHIBHMX IIJANPUEMCTB MOXIJIMBO OTPUMATH BHUCOKOSIKICHI OeToHH
ITiIBUIIEHOI MIIIHOCTI, IPUJIATHI JUIs BAKOPUCTAHHS B PI3HUX BHJaX Oy/IiBHUIITBA.

Po3pobiieHa TexHomorist crpuse e(EeKTUBHOMY BHKOPHCTaHHIO PECYPCHOTO IIOTEHINATy
[MpuaHinpoB’s Ta [03BOJISE 3MEHIIMTH METAJIOEMHICTh BHPOOHHMLTBA 32 PaxyHOK HeraiHoi
poznanyOku BUpoOiB [2].
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The main objective of this study is to develop a technology for recycling secondary mineral
resources into efficient construction materials, thereby contributing to the improvement of the
environment. As an example, the problem of utilizing spent molding mixtures (SMM) is addressed.

In the Prydniprovia region, tens of millions of tons of various secondary mineral resources have
accumulated at landfills, waste heaps, and specialized storage facilities. These include primarily spent
molding mixtures from metallurgical and machine-building enterprises, as well as ash and slag waste
from thermal power plants [1].

Comprehensive theoretical and experimental studies have shown that vibro-vacuum compaction
is a more effective method of densifying concretes based on ash-slag mixtures and SMM compared
to traditional vibration compaction. The use of vibration vacuum technology enhances the density,
strength, frost resistance, and other physical and mechanical properties of the concrete. Moreover, for
concretes with equal strength, it is possible to reduce cement consumption, allow immediate
demolding, and significantly shorten the duration of heat treatment. Notably, the proposed technology
does not require substantial capital investment, as it utilizes standard equipment commonly used in
the precast concrete industry [1].

To further improve the quality of ash-slag vacuum concrete, the addition of a small amount of
electrolyte into the concrete mix during preparation has been proposed. The main properties of
concretes compacted using vibration vacuum technology based on secondary mineral raw materials
have been studied, and a comparative analysis with conventionally compacted concretes has been
conducted. Experimental results confirmed the advantages of vacuum concretes [2]. The most
objective assessment of the strength and other performance characteristics of concretes made with
secondary mineral resources and compacted by vibration vacuum can be achieved under production
conditions, such as at precast concrete plants.

The study has shown that high-quality, high-strength concretes suitable for various construction
applications can be produced from spent molding mixtures of metallurgical and machine-building
enterprises.

The developed technology promotes efficient use of the resource potential of the Prydniprovia
region and allows for reduced material intensity in production due to immediate demolding of the
formed products [2].
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Hespaxarouu Ha HasBHICTb NPAaKTUYHUX PO3POOOK, MOB’A3aHUX 3 BHUPOOHMITBOM OpPYyKiBKH,
BIZIKPUTOIO JIMIIAETBCS MPOOJIeMa BIOCKOHAICHHS X SIKOCTI 1 CTPOKY CiIyOH Ta IX HMOKpAalleHHS,
HIIIXOM 3aCTOCYBaHHS Pi3HOTO THUITY 100aBOK.

OpfHUM 13 TEepPCIEeKTHBHUX HAMPSIMKIB TMOKPAIICHHS XapaKTePHCTHK BHUPOOIB € 3aCTOCYBaHHS
MiHEepaJIbHUX 00aBOK, sIKi YaCTKOBO 3aMiHIOKOTh LIEMEHT 1 TIOKPAIIYIOTh TEXHIYHI XapaKTEPUCTUKU
Gerony. LIi n00aBKM BIUIMBAIOTh HAa CTPYKTYpY Ta BIACTHBOCTI OETOHY, BOAHOYAC CKOHOMIISITH
LIEMEHT 1 3aTI0BHIOBAYI.

OnuuM i3 nedexTiB OpyKiBKH, IO HENOIYCTUMI IIPU EKCIDIyaTalii € BHCONH (IIOBCPXHEBUH
nedexT OeToHy, SIKMH He BIUIMBAE HA CTPYKTYPHI XapakTepucTuku). OqHuM i3 neeKTiB OpyKiBKH
110 HEJIOYCTUMI € TaKHid BUJI HEJOMIKY K BUCOJIU (IIOBEPXHEBHI 1e(heKT OCTOHY).

Metorw poOOTH € AOCHIKeHHS OCTOHIB 13 BUKOPHCTAHHSM IOJIAMCIEPCHOIO MIHEPaIbHOTO
KOMIIOHEHTY Yy BHIJISIII  II€OJITY JJIsi BUTOTOBJIEHHsS OpYyKiBKH, Ta MOCIIDKCHHsS iX BIUIHBY Ha
BJIACTUBOCTI OETOHIB, 3 IPOMO3HLIEI0 ONTUMAIIBHUX CKJIaiB OETOHHOI CyMill JuIst IpIOHOITYYHHUX
BHPOOIB.

VY nocnipkeHHi OylI0 MpoaHai3oBaHO JBa CKJIaIu OETOHHUX CyMilllel: KOHTPOJIBbHUIT Ha OCHOBI
I 1I/A-111-500 Ta cymimr i3 3aminoto 10% nemeHnty neonitom. Bupoou ¢popmyBanucs ogHoImaposi,
TEXHOJIOTI€K0 BIOpOIpeCcyBaHHs 3a TUIOM «IojBiiiHe T» Ha 1abopaTopHOMY BiOpOMaiIaHUHUKY.
MiuHicTh OETOHY BH3Ha4ajaach MIBUAKICTIO TiJipaTallii, My0JIAHOBOIO PEAKIIEI0 ICOJITY, BILIHBOM
3allOBHIOBAYIB TA YMOBAMH TEILIOBOJIOTICHOTO TBEPIHEHHSI.

BcraHoBieHO, 110 Ha IOYaTKOBHX eTarnax TBEPAHCHHs, HE3AJIOKHO BiJl yMOB 30epiranus,
MIIHICTh KOHTPOJIBHUX 3pa3KiB MePEeBHUIyBajIa MIL[HICTb 3pa3KiB, 10 MicThiIa 1eomit. OqHaK, Yyepes
28 116 BUPOOH i3 LIEOTITOM JIEMOHCTPYBAJIM BUIILY MIIHICTh Ha 26% y CyXuX yMOBax 30epiraHus i Ha
21% y Bojorux. BinmoBigHo, J0JaBaHHS LEONITY 10 OCTOHHHMX CYMIIlel MOKpAaIlye MilHICTh
BHPOOIB Ha CTHUCK, OCOOJMBO 32 CYXMX YMOB 30epiraHHs, L0 € BaroMoK0 MEpeBaro s
JpiIOHOIITYYHUX BiOpONpecoBaHUX BUPOOIB.

beroH i3 [qomaBaHHAM LEONITY Ma€ MEHII BTPaTH MacH, LIO MIiATBEpIUKye IHOro Kparry
BOJIOTOCTIHKICTh Ta MIL[HICTh, JEMOHCTPYE HIDKYMH PiBEHb BOAONOIIMHAHHS (3a Maccoro 1,81-
2,19%), mo miATBEpIUKYE HOro BHCOKY IIUIBHICTH Ta Kpalli eKCIUTyaTalliiiHi XapakTepucTHKu. B
CBOIO Yepry, MEHIII MOKa3HUKHM BOJIOIIOTJIMHAHHS CBIYATh PO HUKYY HMOBIPHICTH MPOHUKHEHHS
HIKIZJIMBUX PO3YMHIB, SIKI MOXKYTh BUKJIMKATH KOPO3it0 OCTOHY.

TakuM YMHOM, MOJIIUCTIEPCHHUI MiHEPAIBHUN KOMIIOHEHT, TaKUil SIK LEOIIT, 3a0e3Meuyoe He
JuiIe OUTbITY MILHICTH IPU BUKOPUCTAaHHI SIK 3aMiHHUK LeMeHty (1o 15%), ane i 3amobirae
MEPBUHHUM BHCOJIaM.

1. Berdnyk O, Amelina N, Petrikova E, Maystrenko A. The use of self-compacting concrete with polycarboxylate
additives in the production of long reinforced concrete structures. AIP Conference Proceedings. AIP Publishing,
2023. 2684, 040001. doi: https://doi.org/10.1063/5.0120140.
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Despite the existence of practical developments related to the production of paving stones, the
problem of improving their quality and service life and their improvement through the use of various
types of additives remains open.

One of the promising areas for improving the characteristics of products is the use of mineral
additives that partially replace cement and improve the technical characteristics of concrete. These
additives affect the structure and properties of concrete, while saving cement and aggregates.

One of the defects in paving stones that are unacceptable in operation is efflorescence (a surface
defect in concrete that does not affect structural characteristics). One of the unacceptable defects of
paving stones is such a defect as efflorescence (a surface defect of concrete).

The aim of the work is to study concrete using a polydisperse mineral component in the form of
zeolite for the manufacture of paving stones, and to investigate their effect on the properties of
concrete, with the proposal of optimal concrete mixtures for small-piece products.

Two concrete mixtures were analyzed in the study: a control mix based on PC II/A-S-500 and a
mix with 10% of cement replaced with zeolite. The products were formed in single layers using the
“double T” vibropressing technology on a laboratory vibroformer. The strength of concrete was
determined by the rate of hydration, the pozzolanic reaction of zeolite, the effect of aggregates, and
the conditions of thermal-humidity curing.

It was found that at the initial stages of curing, regardless of storage conditions, the strength of
control samples exceeded the strength of samples containing zeolite. However, after 28 days, the
products with zeolite showed higher strength by 26% under dry storage conditions and by 21% under
wet storage conditions. Accordingly, the addition of zeolite to concrete mixtures improves the
compressive strength of products, especially under dry storage conditions, which is a significant
advantage for small-piece vibropressed products.

Concrete with the addition of zeolite has lower weight loss, which confirms its better moisture
resistance and strength, and demonstrates a lower level of water absorption (by weight 1.81-2.19%),
which confirms its high density and better performance. In turn, lower water absorption rates indicate
a lower probability of penetration of harmful solutions that can cause concrete corrosion.

Thus, a polydisperse mineral component such as zeolite not only provides greater strength when
used as a cement substitute (up to 15%), but also prevents primary efflorescence.

1. Berdnyk O, Amelina N, Petrikova E, Maystrenko A. The use of self-compacting concrete with polycarboxylate
additives in the production of long reinforced concrete structures. AIP Conference Proceedings. AIP Publishing,
2023. 2684, 040001. doi: https://doi.org/10.1063/5.0120140.
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Mera OCIIKEHHS — ITPOBECTH JIOCII/KEHHS BIUIMBY CHPOBUHHUX KOMIIOHEHTIB, TAaKHX SIK BU]L

LEeMEeHTY 1 IpiOHOro 3amoBHIOBAaYa, T4 YMOB TBEPJIHEHHS Ha KOJIp BiOpOIpecoBaHMX OETOHHHX
TPOTYapHUX ILIHT.

Puc.] — BmmB KOIbOpYy LEMEHTY IIPH OJHAKOBOMY Puc.2 — BIuiMB TemIepaTypHOTo cepe/ioBHIla B Kamepi
JI03yBaHHI JKOBTOrO mirMeHTy: | — Bupi®6 ma OitomMy TBepaHeHHs Ha Kkomip BupobGiB: 1 — t = 23°C;
LeMeHTi; 2 — BUpi0 Ha 3BHYaiiHOMY (CipOMY) LIeMEeHT1 2-t=17°C;3 -t=20°C

IlpoBeneHi  JOCHIKEHHS BIUIMBY CHPOBMHHHUX  KOMIIOHEHTIB Ha KOJip OCTOHHMX
BIOpONPECOBaHKX TPOTYAPHHX IUIHT, @ CAME KOJIbOPY LIEMEHTY 1 ApiOHOr0 3aMoBHIOBaYA; PO3IIISIHYTO
OINTUMAJIbHY TOCHIZOBHICTh BHTOTOBJICHHSI JCKOPATHBHOI JPIOHO3epHUCTOI OCTOHHOI CyMmilii.
Po3risiHyTO BIUIMB yMOB TBEpAHEHHS JCKOPATUBHUX OETOHIB Ha KIHLEBHIl BIATIHOK OETOHHOT
noBepxHi (puc. 1, puc. 2). AHami3 pe3yabTaTiB BKa3ye, 10 iICTOTHUII BILUIMB HA KOJIIP MAOTh, MEPILI
3a BCe, KOJIp LEMEHTY i JpiOHOro 3aroBHIOBaYa, a TaKOX iX BMIiCT B OCTOHHIH cCymilii.
JlexopaTHBHHUI OCTOH, BUTOTOBJICHUH 13 3aCTOCYBAaHHSM 3BHYAHOTO IIEMEHTY, Ma€ MCHII ICKPaBUH
BIJITIHOK Yy TIOPiBHSIHHI 3 06 TOHOM, BUTOTOBJICHUM 13 3aCTOCYBaHHSIM O1J10r0 1ieMeHTy. YHucTi 1 ickpasi
KOJIbOpU OETOHHOI ITOBEPXHI MOXKHA OTPHMATH TUIBKH IIPH 3aCTOCYBaHHI Oinoro nemeHry. Ilpu
[IbOMY HEOOXiTHO BpaxoBYBaTH SIKy KOJIOPOBY raMy MIrMEHTIB BHKOPHCTOBYIOThb. Tak 4HCTHIA
YOpHUH 1 KOPHYHEBHH KOJIp MOXKHA OTPHMATH Ha CIpOMy LEMEHTI; BIiITIHKH YEpPBOHOTO,
BUTOTOBJICHOTO Ha OiTOMy i Ha CipoMy IIeMEHTi, MalOTh He3HAuHi BiIMiHHOCTI B KOIBOPI; a JULL
JKOBTOTO 1 CHHBOTO KOJIBOPY, KOJIIP LIEMEHTY Ma€ MepuioyeproBe 3Ha4eHHs. TOOTO YNCTHI BiATIHOK
JKOBTOr0 200 CHHBOI'O KOJIbOPY MOKIMBO OTPUMATH BHUKJIIOYHO MPH 3aCTOCYBaHHI O170r0 LIEMEHTY.
BcraHoBIICHO, 0 Ha BiATIHOK BILUIMBA€ 1 Bapiallis KOJBOPY CIPOTO LEMEHTY Bil CBITIO-CIporo 1o
3eNieHyBaTo-ciporo. Ha octaTounuii BiITIHOK OETOHY BIUIMBAE 1 XapaKTEPHHUI KOJIp 3aloBHIOBAYA.
Jliis BupoOHMITBa (hapOoBaHNX OETOHHUX BUPOOIB HAOLIBII BIAIIUM € BAKOPUCTAHHS MiCKiB OLIHX,
CBITJIO-CIPHX 1 CBITJIO-KOBTHX BiATIHKIB, SIKi IPAKTHYHO HE BIUINBAIOTH HA KIHI[EBUH KOJIIp OETOHHOL
TMOBEPXHi. YMOBH TBEP/IiHHS JEKOPATHBHUX OCTOHHUX BUPOOIB TAKOXK HA/IAKOTh ICTOTHUH BIUIMB Ha
KIHIIEBUH BIITIHOK OeTOHHOT moBepxHi. LleMeHTHHIT KaMiHb, 10 YTBOPIOETHCS B MPOIECi TigpaTaiil
LIEMEHTY, CKJIaJa€ThCsi 3 KPHUCTAJIB, PO3MIp SKHX BH3HAYa€, sIK Oy/le pO3CIFOBATHCS CBITIO Ha
OeronHii moBepxHi [1]. UuM BuIa TemriepaTypa i BOJIOTICTh CEpeOBHIIa B KaMepi TBEPIHEHHS, TEM
IHTCHCHUBHIIIE ii/ie YTBOPECHHS APiOHUX KPHUCTaIiB rosrdarol ¢popmu. [locuneHe po3ciroBaHHS TAKUME
KPHCTaJIaMH CBIiTY IPU3BOANTH IO TOTO, IO TOBEPXHS OCBITIHOETHCS.

1. Jisopxin JI. M. Betonn cnemiansroro npusnauenss / JI. M. Jisopkin. — Kuis: Konmop, 2017, 352 c.
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The purpose of the study is to investigate the influence of raw materials, such as the type of cement
and fine aggregate, and curing conditions on the colour of vibro-pressed concrete paving slabs.

Fig. 1 - Effect of cement colour at the same dosage of Fig. 2 - The effect of the temperature environment in the
yellow pigment: 1 - product on white cement; 2 - product curing chamber on the colour of the products:
on ordinary (grey) cement 1-t=23°C;2-t=17°C;3 -t =20°C

The influence of raw material components on the colour of concrete vibro-pressed paving slabs,
namely the colour of cement and fine aggregate, was studied; the optimal sequence of manufacturing
a decorative fine-grained concrete mixture was considered. The influence of the curing conditions of
decorative concrete on the final shade of the concrete surface is considered (Fig. 1, Fig. 2).

The analysis of the results shows that the colour is primarily influenced by the colour of the cement
and fine aggregate, as well as their content in the concrete mix. Decorative concrete made with
ordinary cement has a less bright shade compared to concrete made with white cement. Clean and
bright colours of the concrete surface can be obtained only with white cement. It is necessary to take
into account the colour range of pigments used. For example, pure black and brown colours can be
obtained with grey cement; shades of red made with white and grey cement have slight differences
in colour; and for yellow and blue, the colour of the cement is of primary importance. That is, a pure
shade of yellow or blue can be obtained only with white cement. It was found that the shade is also
affected by the variation in the colour of grey cement from light grey to greenish grey. The final shade
of concrete is also influenced by the characteristic colour of the aggregate. For the production of
painted concrete products, the most successful is the use of sands of white, light grey and light yellow
shades, which practically do not affect the final colour of the concrete surface.

The curing conditions of decorative concrete products also have a significant impact on the final
shade of the concrete surface. Cement stone, formed during the hydration of cement, consists of
crystals, the size of which determines how light will be scattered on the concrete surface [1]. The
higher the temperature and humidity of the environment in the curing chamber, the more intense the
formation of small needle-shaped crystals. The enhanced scattering of light by these crystals causes
the surface to brighten.

1. Dvorkin L.Y. Concretes of special purpose / L.Y. Dvorkin - Kyiv: Condor, 2017, 352 p.
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Bumoru 10 Bupo0iB 3 kaM’siHOT BaTH /15 Pi3HUX TemI0i3019iiHNX pilleHb

Izop 2Kenesuak, acnipanm kageopu mexnonozii 6yodisenvhux KOHCMPYKYil i 6upodis
https://orcid.org/0009-0008-0458-4943

Kuiscokuii nayionanvnuil ynisepcumem oyoisnuymea i apximexmypu (m. Kuis)

l'onoBHOW0O cepor0 3aCTOCYBaHHS JKOPCTKUX BHPOOIB 3 Kam’sHOI BaTH B OyAIBHHUITBI —
TEII0130JIA11isl B KOHCTPYKIIISIX IIIOCKUX TOKPIBEJb 1 B CUCTEMaX HaBICHUX BEHTHJIbOBAHUX (acais.
JIng TakMX IUTHT PETJIAMEHTYEThCS MIIHICTh HA CTHCK, MIIHICTh HA BiIpUB MIApiB Iix piBHOMIPHO
PO3MOIIIEHUM HaBaHTAKEHHSM. 3TiIHO HOPMATUBHUX JIOKYMEHTIB BUKOPUCTAHHS B KOHCTPYKIIISIX
MOKpiBeJIb 3 MIHEPAJbHUX IUIMT BHUTOTOBJICHI TUIBKM 3a JOIOMOIOIO IIPECOBOrO Crocody abo
(hopMyBaHHSIM 3 rizpoMac, 3 MiHICTIO Ha cTHCK, BianosiaHo 80 kIla i 100 xI1a.

3riIHO OCHOBHHUM EKCILTyaTal[liHUM XapaKTepUCTHKaM Matepiany [1], BpaxoBYHOThCS OCHOBHI
BUJIM TEIUIOI30MISALIMHUX pIlIeHb SIKI 3aCTOCOBYIOTHCSI B CydacHOMY OyIiBHULTBI 1 3a0e3neuyroTh
SKICHI ITOKa3HUKH MaTepiaity i 3a0e31edyloTh ONTUMI3alil0 OCHOBHHX €KCILTyaTal[iiHNX NOKAa3HHUKIB
it (Tadu. 1.).

Tabmuus 1
OCHOBHI IIOKA3HUKH 130JSMIHHUX TUIAT
TToka3HUKY 130IAMIMHUX TUIAT Minnictb Ha cTuck npu 10% MinnicTh Ha Binpus 1wapis, klla
nedopmanii, kIla
ITokpiBeabHUX 60 10
BenrtuipoBaHux 20 4
[Itykaryprux (acajis 45 15

J1u1st TETI0i30IA 1T MITOCKUX TIOKPIiBEIb, 3aCTOCOBYIOTHCS HKOPCTKI 1 HA/PKOPCTKI IUTUTH 3 KaM SIHOT
BaTH, BC1 MaTepiaan YMOBHO MOIUISIOTHCS HAa OJHOIIAPOBI 1 ABOMIAPOBI [2].

IIpu oxHOWmIApOBOMY pIlICHHI BCsS TOBLIMHA TEIUIOI3OJSIIMHOIO 1mapy (OpPMYyeThCsS OJHIE0
mwtoro. ineHicTs Takoi Ty Bix 130 10 200 kr/m® i MinHicTs Ha cTuck nipu 10% nedopmartii e
menie 45-60 xlla. Jliana3oH TOBIIMH IUINT OLIBIIOCTI BUPOOHHKIB 10 200 MM.

JIBoIIapoBi pilieHHsI BKJIIOYAlOTh B ceOe JIBI IUIMTH, B SIKUX BEPXHs OLIBII )KOPCTKA 1 MillHa, a
HIDKHSL Ma€ MEHIy MilHicTh. IcHyroui MaTepianu MaroTh mibHicT 175-220 kr/M° i MilmicTh Ha
cruck 60-85 xIla nuist BepxHBOT IIKTH, 1 Binnosiguo 100-145 Kkr/M° 1 20-40 k[1a 11 HIKHBOT TTATH.
Homenknarypa tosiumH — 40-60 MM jutst BepxHix 1 Bijg 50 10 200MM HUKHIX IJTHT.

Buxoasun 3 HOMEHKJIATYpH, MOYKHa 3pOOHMTH BHCHOBOK MPO HASsBHICTH MPSIMOI 3aJISKHOCTI
MII[HOCTI TeIUIOI30JALIIHOr0 MaTepiany Bij Horo mineHOCTI (puc.1).
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'__,-"':'r =T BUPOOIB 3 KaM’sIHOT BATH BiJ| IIUIBHOCTI
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JIBotrapoBi pimieHHss € OUTbII €KOHOMIYHHMU B TIOPIBHSHHI 3 OJHOIIAPOBHMH 33 PaxyHOK
3MEHIIEHHS Cepe/IHbOI IIIIBHOCTI pIllIeHHs, ajne OUIbII BUTPAaTHUMH B 3B’A3Ky 3 HEOOXiAHICTIO
BKJIaJIaHHs JIBOX ILIAPiB 3aMiCTh OJIHOTO.

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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Requirements for stone wool products for different thermal insulation
solutions

Jeleznyak L., graduate student, head of the Department of Technologies of building structures
and products

Kyiv National University of Construction and Architecture

The main area of application of rigid stone wool products in construction is thermal insulation in
flat roof structures and in ventilated facade systems. For such boards, the compressive strength and
tensile strength of the layers under an evenly distributed load are regulated. According to the
regulatory documents, mineral slabs made by pressing or molding from hydromasses with a
compressive strength of 80 kPa and 100 kPa, respectively, are used in roof structures.

According to the main performance characteristics of the material [1], the main types of thermal
insulation solutions used in modern construction are taken into account, which ensure the quality of
the material and optimize the main performance indicators of the boards (Table 1).

Table 1

Main characteristics of insulation boards

Performance of insulation boards

Compressive strength at 10%
deformation, kPa

Tensile strength of layers, kPa

Roofing 60 10
Ventilated 20 4
Plaster facades 45 15

For thermal insulation of flat roofs, rigid and ultra-rigid stone wool boards are used, all materials
are conventionally divided into single-layer and double-layer [2].

With a single-layer solution, the entire thickness of the thermal insulation layer is formed by a
single slab. The density of such a board is from 130 to 200 kg/m3 and the compressive strength at
10% deformation is at least 45-60 kPa. The range of thicknesses of boards from most manufacturers
is up to 200 mm.

Two-layer solutions include two slabs, in which the upper one is more rigid and stronger, and the
lower one has lower strength. Existing materials have a density of 175-220 kg/m3 and a compressive
strength of 60-85 kPa for the upper slab, and 100-145 kg/m3 and 20-40 kPa for the lower slab,
respectively. The range of thicknesses is 40-60 mm for the top slabs and 50 to 200 mm for the bottom
slabs.

Based on the nomenclature, it can be concluded that the strength of the insulation material directly
depends on its density (Fig. 1).
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Fig. 1. Dependence of compressive
strength of stone wool products on density

Mlimwbers ma cvmen mpm 1094

argepuani. Klly

150 12 [ [ (] 100
Copazmn mimaicr i’

Two-layer solutions are more cost-effective than single-layer solutions due to a reduction in the
average density of the solution, but more expensive due to the need to install two layers instead of
one.

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.

200



CEKILIA 3

IlaneabHa qUCKYCifA:
«Komn'tomepne mooenroeanna Koncmpyxuii
0yoisenv i cnopyo cneyianbHO20 RPUHAYEHHA)



WP LIRA-FEM  LIRA-CAD

MporpaMmHuiA KoMNEeKC ANS PO3PaxXyHKY, NPOEKTYBaHHS,
MoAeNoBaHHA NPOLLECIB XXMTTEBOro LMIKIY 6yAiBeNIbHUX KOHCTPYKL,iA

»  Peanisauis TexHonorii BIM. [IBOCTOPOHHilA
3B'A30k Revit - LIRA-FEM - Revit, Tekla -
LIRA-FEM - Tekla. InTerpauis 3 AutoCAD,
ArchiCAD, Advance Steel, Allplan,
CTAPKOH, Gmsh, MS Word, MS Excel, Ta iH.

»  T[oTyxHuii 6araTogyHKLiOHaNbHNUI
npouecop, SKun peanisye WBUAKOAi0Yi
anropuTMM CKNafaHHs i piLLeHHs cuctem
PiBHSIHb 3 MOPSIAKOM A0 AEKINbKOX MiNbAOHIB
HEBIZAOMMX.

»  PosBuHeHa 6ibnioTeka CKiHYEHHNX
€IIEMEHTIB, L0 J03BOJISIE CTBOPIOBATU
KOMMN'tOTEpHI MoAeni NPakTUYHO ByAb-SKMX
KOHCTPYKUIN.

> MogentoBaHHS NPOLECIB XXUTTEBOTO LIMKITY
KOHCTPYKLIi Ta KOHCTPYKTUBHUX CUCTEM, SKi
BKI1H04A0Tb MOZESOBaHHSA MpoLecy
3Be[EHHS, NPOrpecyryoro 0bBasneHHs, 3mMiHu
HIC B yaci Ta iH.

»  CynepenemeHTHe MofenoBaHHA 3
BidyanisaLieto Ha BCIX eTanax po3paxyHky,
LLIO A03BONSE 3HATU Oyab-sKi OOMEXEHHs1 Ha
po3mip po3B'sidyBaHOi 3adavi.

»  MoxnuBicTb po3paxyHKy Ha pisHi Buau
AVHaMiYHWX gin (cevicmika, BiTep 3
ypaxyBaHHAM nynbcadii, BiopauiniHi
HaBaHTaXEHHS, iMNynbC, yaap, BianoBigb-
CMEeKTp, CeNcMiKa Ha OCHOBI akcerneporpamu).
[nsa cercmivHUX BNNUBIB peanizoBaHi HopMmu
Ykpainu, KasaxctaHy, Asepbarigkany, [pya3ii,
PpaHuii, Amkupy, TypequmHu Ta iH.

»  Mogayni BpaxyBaHHS i3n4HOI HeMiHINHOCTI
Ha OCHOBI Pi3HMX HEMIHIMHUX 3anexHocTen
s-e, Lo 3abesneyyoTb MOXNMBICTb
KOMMN'IOTEPHOrO MOAEMOBAHHA NpoLecy
HaBaHTa)XEHHS MOHO- i Bi-MaTepianbHUX
3ani3o6eTOHHMX KOHCTPYKLIN 3
[OCNIOXEHHAM TPILLMHOYTBOPEHHS, MPOSIBOM
AedopmaLin NoB3y4oCTi | TEKYHOCTi ax A0
OTPUMAHHS KapTUHN PYNHYBAHHS KOHCTPYKLi.

»  Mogayni BpaxyBaHHs reOMeTPUYHOT
HenMiHIMHOCTI, L0 A03BOMSAIOTb MPOBOANUTIN
pPO3paxyHOK TakUX KOHCTPYKLiN, K MHYYKi
nnmMTN, 0OONOHKM, OKPEeMi KaHaTu, BaHTOBI
depmMu, BUCAYI NOKPUTTS, TEHTU, MEMOPaHMN
Ta iH.




NP LIRA-FEM  LIRA-cAD &

Yyvy

MporpaMHuiA KOMAEKC AN PO3PaXYHKY, NPOEKTYBaHHSA,

MofeNioBaHHA NPOLLECIB XXUTTEBOro LUKNY 6yAiBeNIbHUX KOHCTPYKLLiA

Po3paxyHkoBo-rpacpiyHa cucrema
TennonpoBigHicTb. HeniHinHa TennonpoBigHicTb
0Nl CTEPXHEBUX, NNACTUHYACTUX Ta 06'€MHUX
CE. MoxnuBicTb CTBOPIOBATH 3aKOHM 3MiHU
KoegiljieHTa TenmnonpoBiaAHOCTI, KoedilieHTa
TENNOEMHOCTI Ta NMTOMOI Baru 3anexHo Big
Temnepartypu.

Po3paxyHkoBo-rpacpiyHa cucrtema
BorHecrTinkictb. ABTOMaTnu3oBaHuin nigdip
apMyBaHHs Ans 3abe3nevyeHHs HeoOXiaHOT MeXi
BOIHECTINKOCTI 3ani300€TOHHMX i
cTane3anisaobeToOHHNX KOHCTPYKL 3a 03HAKO
BTPaTW HECy4oi 34aTHOCTI 3rigHO 3 HopMammn
CTO 36554501-006-2006 ta ICTY-H B EN
1992-1-2: 2012.

Cuctemu Ansa po3paxyHKy i NPOEKTyBaHHS
3ani306eTOHHMX, apMOKaM'AHUX | cTaneBmx
KOHCTpPYKLil BiANOBIAHO 4O HOPMATMBIB KpaiH
Ykpainu, KaszaxctaHy Ta €sponu.

Po3paxyHkoBo-rpadiyHa cuctema MpyHT.

PospaxyHkoBo-rpaciuHa cuctema KoHcTpykTop
nepepisis.

[Mporpecytode obBaneHHs - cnewianisoBaHa
cucTema, sika BianoBigae YNMHHUM
pekomeHAauisiM Ans MOAENtOBaHHS NOBEAIHKN
KOHCTpPYKLUil OyaiBens i cnopyz y pasi aBapinHmx
BMIMBIB, LLIO BUKMMKany fokasnbHi pynHyBaHHS
OKPEMMWX HECYYUX ENEMEHTIB.

CneuianizoBaHui JOKYMeHTaTop, WO [03BONSE
hopmyBaTK 3BT, LLIO CKNAOAETbCS 3 TEKCTOBOI,
TabnuyHoi i rpadiyHoi iHdopmaLii 3
hopmyBaHHAM dannie gns MS Office.

ABTOMaTV3yBaHHA BCiX MPOLECIB, NMOB’A3aHUX 3
BM3HAYEHHSIM iHTEHCUBHOCTiI BUOYXOBOro
HaBaHTaXXEHHS Ta MOro NpuknagaHHAM 4o
BiAMOBIAHWNX €NeMEHTIB KOHCTPYKLUIT 3
ypaxyBaHHSIM pi3HUX NapaMeTpiB BUOYXY.
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Mope/i0BaHHS 3MiHM HANIPYKeHO-1e()OPMOBAHOI0 CTAHY KOHCTPYKIii
NMPOTATOM KUTTEBOI0 LUKJY B mporpamuomy 3ade3nedendi LIRA-FEM

Mapia bBapaoaw, Ookm. mexH. Hayk, npoghecop Kaghedpu Komn 'romepHux mexHono2ill
oyoisnuymsa, https://orcid.org/0000-0003-2157-521X

JIT “Kuiscokuil agiayitinuil incmumym”;
TOB “JIIPA CAIIP”

L1 nonoBiab mpucBsAYEHa PO3POOICHIM YHCEIbHUM METOAM, SIKi JO3BOJIAIOTH MOJEIIOBATU BECh
IIPOIIEC KUTTEBOTO UKLy OYiBEINb i CIOPYH, BKIIIOYAIOUH €Tl MOHTAXY, PEOJIOTIUHI IPOIIECH ITif
Yac eKCIUTyaTalil Ta mpouec ajanTarii KOHCTPYKTUBHOI CUCTEMHM 10 3MIHHUX HaBaHTa)KeHb y pasi
HaJ[3BUYaiHNAX CUTYALii.

OnHUM i3 OCHOBHHX HAIpsIMIiB y IIPOEKTYBaHHI OyZiBelb 1 CHOPYX € HiIBUIIECHHS HaJiHHOCTI,
0e3rexy Ta JOBroBIYHOCTI MPH 3MEHIIEHHI BUTpAT MaTepialiB. BaxnBoro cKIIaoBOIO € YnCeIbHe
MOJIEJTIOBaHHS POLECIB HKUTTEBOIO LIUKITY, 30KpeMa THUX, 110 MOB’s13aHi 31 3MiHAMH B KOHCTPYKLIsAX
HanpyxeHo-1epopmoBanoro crany (HJIC) Ha Bcix eTamnax JKUTTEBOTO LUKITY Oy/iBEIbHOTO 00’ €KTA.

HeoOXifHICTh KOMIUIEKCHOTO YHCEIBLHOIO
aHaizy OyziBedb 1 CHOpYJ BHHHKA€e dYepes:
3pocTarouy CKJIaAHICTh KOHCTPYKTHBHUX PillIeHb
i yMOB ekcrutyarailii (6araToBUMIpHICTb, CKITa I~
HICTh 1 OararoyHKI[IOHAJIBHICTH OyniBeNb i
CHopyn, 1X BEJIWKI  PO3MIpH, BHHSITKOBA
CKJIaJIHICTh MOHITOPHUHTY IOTOYHOTO TEXHIY-
. HOrO CTaHy, HEMOXIIHUBICTh PEMOHTY 0e3

MOBHOTO 3HSTTSl HaBaHTAXEHb, CXHJIBHICTH J0
3MiH HPOCTOPOBOTO IIAHYBAaHHS Ta PEXKHMIB
HaBaHTAXKCHHSI IiJT Yac

: i
Puc.1 — MozentoBanHsI 3aNPOEKTHHX BIUIUBIB

eKCIUTyaTallii); yHiKalbHiCTh (IPYHTOBI, KJTIMATHYHI Ta iHIII 30BHILITHI yMOBH, YHIKaJIbHA CKJIA/THICTh
1 TpuBaJticTh OyAIBHUITBA Ta CKCILIyaTalil, MiJBUIIEHA POJIb "NMIOJCEKOro (hakTopy" Ha BCIX eTamax
JKHTTEBOTO IIMKITY); @ TAaKOX HEMOBHOTA Ta HEBH3HAYCHICTh BHXIJHUX JaHUX (reoMeTpis,
JKOPCTKICTb, TPAaHWYHI Ta OYAaTKOBI YMOBH, HABAHTa)KCHHS Ta BIUIMBH).

OpHax yci i akTopy He BpaxoBaHi B IIOBHOMY 00Cs31 B YMHHNX HOPMATUBHHX JOKYMCHTAX Ta B
MPAKTUIl TMPOEKTYBaHHS 1 OyIIBHULTBA, IO MPU3BOAUTH ab0 [0 HEAOCTaTHHOI HaMIHHOCTI
KOHCTPYKLiH, a00 /10 HaZAMIPHOr0 BUTPaYaHHs MaTepiallis.

MeTo10 1bOro A0CiPKEHHs € BUPIILIEHHs TPo0JIeMU KOHCTPYKIIHHOT Oe3nexku OyniBelb i cropyn
LUISIXOM PO3POOKH KOMIUIEKCY HayKOBO OOIPYHTOBaHMX METO/IB uucenbHOro mozemoBanus H/IC
KOHCTPYKLIl 3 ypaxyBaHHAM YCiX eTamiB IX JKHUTTE€BOrO LMKIY Ta BJOCKOHAJICHHSA METOXIB
PO3paxyHKy, 110 BpaXOBYIOTb HEMiHiNHI Aedopmartii. YnuceabHe MOCITIOBAHHS MTPOLIECIB KUTTEBOTO
LUKy JT03BOJIsIE€ (DOPMYITIOBATH Ta BUPIIIYBATH 3a/adi, sIKi HE MOYKHA PO3B’S3aTH 3a JOIIOMOTOI0
(hi3MYHUX EKCIIEPUMEHTIB.

B pamkax 1mporo AOCIiPKEHHS Ta BPaXOBYIOYH BIHCHKOBI ii, siKi BiJOyBalOTHCS B HaIIil KpaiHi,
0COOJIMBY BXKIIMBICTh HA0YBAIOTh PO3PAXyHKH Ha 3aKPUTHYHI, B TOMY YHCIIi BHOYXOBI BIUIUBH.

Inrerpanis BpaxyBanus 3MiH H/IC mpoTsroM KUTTEBOTO LUKy B MPOEKTHI TPAKTHKU T03BOJISE
Hagio ouinutu HJIC me Ha cramii NPOEKTYBAaHHS, a TaKOX IMPOBECTH HU3KY  YHCEIBHHUX
EKCIICPHUMEHTIB.

1. Bapa6am M., Kosaibos A., Pomarmkina M. (2023). Po3paxyHKOBe OL[iHIOBaHHSI BOTHECTIHKOCTI BOTHE3aXHIIIEHUX
3a51i300eToHHNX OyniBenbHuX KoHCTpykmiil 3acobamu IIK «JIIPA-CAIIP». bynisensni konctpykuii. Teopis i
npakTuka, (12), 53—64. https:/doi.org/10.32347/2522-4182.12.2023.53-64
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Modeling the changing stress-strain state of constructions during
the life cycle in LIRA-FEM software

Mariia Barabash, doctor of technical sciences, professor Department of Computer
Technologies of Building Construction, https://orcid.org/0000-0003-2157-521X
State Enterprise "Kyiv Aviation University",
LIRA SAPR” Ltd

This report presents developed numerical methods that allow for modeling the entire life cycle
process of buildings and constructions, including stages of assemblage, rheological processes during
operation, and the process of structural system adaptability to changing loads in case of force majeure
situations.

One of the main directions in the design of building and construction is increasing reliability,
safety, and durability with reducing material consumption. Importantly, numerical modeling of life
cycle processes is crucial, particularly those related to changes in the stress-strain state (SSS) at all
stages of the construction object’s life.

The necessity for comprehensive numerical
analysis of buildings and constructions arises
from: the increasing complexity of structural

solutions and operating conditions
. (multidimensionality, complexity, and
& multifunctionality of buildings and

constructions,  their  large dimensions,
exceptional difficulty in monitoring the current
technical state, the impossibility of repairs
without completely removing loads, the
tendency for changes in spatial planning and
load modes during operation); uniqueness

Fig.1-Modeling of off-design impacts

(soil, climatic, and other external conditions, the unique complexity and duration of construction and
operation, the increased role of the "human factor" at all stages of the life cycle); as well as the
incompleteness and uncertainty of initial data (geometry, stiffness, boundary and initial conditions,
loads, and impacts).

However, all these factors are not fully accounted for in existing regulatory documents and in
design and construction practices, which leads either to insufficient reliability of structures or
excessive material consumption.

The aim of this research is to solve the issue of structural safety for buildings and constructions
through the development of a set of scientifically based methods for numerically modeling the SSS
of structures, considering all stages of their life cycle, and advancing calculation methods that account
for nonlinear deformation. Numerical modeling of life cycle processes allows for the formulation and
solution of problems that cannot be addressed through physical experimentation.

Within the framework of this research and taking into account the military operations taking place
in our country, calculations for supercritical, including explosive effects, are of particular importance.

Integrating the consideration of the SSS changes throughout the life cycle into design practices
enables a reliable assessment of the SSS during the design phase, as well as the conduct of multiple
numerical experiments.

1. Barabash M., Kovaliov A., Romashkina M. Computational assessment of fire resistance of fireproof reinforced
concrete building structures using the LIRA-SAPR software. Building Structures. Theory and Practice, (12), 53—64.
https://doi.org/10.32347/2522-4182.12.2023.53-64
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Po3paxyHoxk OyaiBJii Ha BIJIMB NOBITPAHOI YAAPHOI XBHJIi

Mapuna Pomawikina, kano. mexu. Hayk, https://orcid.org/0000-0002-7158-4037
TOB «JIIPA CAIIP» (m. Kuis)

VY KOHTEKCTI IIOTOYHOI BiMCBKOBOI cHTyawlil ais Hamoi KpaiHM po3paxyHOK Ha BIUIMB Aii
MOBITPSIHOI yAAapHOT XBUJII Ha OyaiBil € HAJ3BUUAWHO BaXJIMBMM JUlsl 3a0e3MeueHHs iX CTilKocTi.
IoBiTpsiHa ynapHa XBWJISL € OAHUM 3 OCHOBHHMX (DAaKTOpiB, 110 MOXYTb CHPUYMHMTH 3HAuHI
py#inyBanHs OyniBenb. Po3paXyHOK L[bOTO BIUIMBY € Ba)KJIMBOIO YACTHHOIO KOMILJIEKCHOI OLIHKH
BUOYX0BOT HeOE3NeKH, 110 T03BOJISIE BUSBUTH BPA3JIUBI MICL y KOHCTPYKIISIX I BUACHO BXKHMTH
3aXO0J(iB AJIsL iX IMiJACUIICHHSI.

IMoBiTpsiHa ynapHa XBIJIA, IO YTBOPIOETHCS BHACIIIOK BUOYXY, 3aJI€XKHO BiJ] THITY (Ha3¢MHHIT 41
HOBITPSHUH), Ma€e CBOI OCOONMBOCTI mOMMpPeHHS. [IpH MOBITpSHOMY BHOYXY yHapHA XBHILA
MOIIUPIOETHCS CHEPUUHO BiJ| eMileHTpY BUOYXY, a B HA3eMHOMY BHOYXY XBHJISL BilOMBA€eThCs Bif
MOBEPXHi 3eMJli, YTBOPIOIOUM MiJCHIEHHH (POHT — Tak 3BaHy BiIOMTY XBHIIIO, sIKA MOXKE MaTH
OlIbLITY aMILTITYly TUCKY TTOPIBHSIHO 3 MEPBUHHOIO XBHJICIO. 3 MOMEHTY MPUOYTTS (GPOHTY yAapHOT
XBHJIl [0 KOHCTPYKLIT TUCK PI3KO 3pocCTae J0 MaKcuMajibHOro 3HaueHHs Pr. Ilicis mporo THck
MTOCTYIIOBO 3HIIKYETHCS /10 aTMOC(EepHOTro piBHs Po, a IpH ISSKUX CLEHAPISIX MOXKE MaJaTH il HIKYe
aTMoc(epHOro, YTBOPIOIOUH (hazy po3piKEeHHS.

YV LIRA-FEM ta LIRA-CAD peanizoBaHi airoputMu i aBTOMAaTH30BAHOI'O PO3PAXYHKY
BHOYX0BOTr0 HaBaHTakeHHs BifnoBigHo 10 UFC 3-340-02 [1,2]. MeToauka 6a3yeThcsi Ha BU3SHaUCHHI
MaciITaboBaHoi BiicTaHi (Z) 3 ypaXyBaHHSAM Macu BUOYXOBOI PEUOBHHU Ta BiicTaHi 10 00'ekTa. Y
LIRA-CAD ueit anroputm iHTerpoBaHuil y cucteMy «l'eHepaTopy», SKHH Npalloe Ha OCHOBI
apaMeTPUYHOTO MOJICIIOBAHHS Ta Bi3yaJbHOT'O IPOrpaMyBaHHsI 3a JIOIIOMOTOr0 HOIB [3].

Ha ocHoBIi BBelleHHX aHHMX (Maca BUOYXOBOi PEYOBHHH, BIJICTAHb 10 KOHCTPYKIIii, THIT BUOYXY)
BH3HAYAIOTHCS] OCHOBHI XapaKTePUCTHKU YAapPHOI XBUIII: MK HA/UTUIIKOBOTO THCKY, TPHBATICTh (a3,
IMITyJIbC THCKY, HIBUAKICTB (PPOHTY yrapHOT xBuii. [t BIIOUTOT XBUIIi JOAATKOBO PO3PaXOBYEThCS
Koe(ilieHT BIAOUTTS, 110 BIUIMBAE HA BU3HAUCHHS HABAHTAXKEHHS HA KOHCTPYKTUBHI €J1€MEHTH. Y
LIRA-FEM po3paxoBaHi 3Ha4€HHS HAJUIMIIKOBOIO THCKY NPHKIAZAOTHCS abo K CTaTHYHEe
HABAaHTAKCHHsI, 10 BPaXOBY€ IKOBI 3HAYeHHS TUCKY, a00 SK JUHAMIYHE, 3 aBTOMATHYHUM
(opmyBaHHSM rpadikiB IMITYJIBCY AJIsI KOXKHOTO CKIHYEHHOT'O €JIeMeHTa KOHCTPYKIIIi.

Cucrema «/lunamika y waci» LIRA-FEM 1o03Boinsie BUKOHYBaTH HENiHIHHMN JUHAMIYHUIH
PO3paxyHOK METOJIOM IMPSIMOTr0O IHTErpyBaHHs PIBHSIHb pyXy B 4aci. Takox € 3MOory 3Mo/ieNntoBaTh
Ppi3Hi cuieHapii BUOYXOBUX HaBaHTa)KEHb, BPAXOBYIOUH e(DEKTH AeMII(pYBaHHS.

Cuctema "Jlunamika y uaci" 3acTOCOBYEThCSI Ul BHUPIIMICHHS SK JIHIHHUX, Tak 1 (i3UUHO
HeNmiHIMHUX 3ajmad. B pesynbraTi po3paxyHKy BH3HAYAIOTHCS IIE€PEMILIEHHS, MIBHJIKICTB,
MPUCKOPEHHS, 3yCUIUIS Ta HAIPY>KSHHs [UIsL BCIX €JIEMEHTIB Y KOJKHUI MOMEHT 4acy. ABTOMAaTHYHO
copmoBani pospaxyHkoBi crosydeHHs: (PC3, PCH) BHKOpHCTOBYIOTBCS IJIsl NEpeBIpKH HECHOT
3JIaTHOCTI 3aJ11300€TOHHKX, CTAJIEBUX, AJFOMIHIEBUX Ta aPMOKaM'STHUX KOHCTPYKIIIH.

TakuM YMHOM, PO3paxXyHOK BIUTUBY MOBITPSIHOT yapHOT XBHJII HA OY/1iBIIi € KPUTHYHO BaXKITHBUM
JUTSL TIABUIICHHS 1X CTIHKOCTI B YMOBaX BOEHHHUX [iil. 3aB/SIKM BUKOPHUCTAHHIO CY4aCHUX METOJIHK,
3okpema B LIRA-FEM Tta LIRA-CAD, MOXHa aBTOMATH3yBaTH pO3PaXyHKH BHOYXOBHX
HABaHTa)KCHb Ta BU3HAYMTU OCHOBHI XapaKTepUCTUKH ynapHoi xBuii. Lle 1o3Bonste MoaentoBatu i
BIUTMB HAa KOHCTPYKIIi{, BpaXOBYBaTH JMHAMI4HI 0COOJIMBOCTI Ta MEPEBIpATH IXHIO HECHY 3/1aTHICTB,
110 CIIPHUSIE MiABUILEHHIO Oe3reku OyiBesb Ta MiHIMi3allii pU3UKIB pyHHYBaHHS.

1. USA Department of Defense (DoD), UNIFIED FACILITIES CRITERIA (UFC) 3-340-02: Structures to Resist the
Effects of Accidental Explosions, 2008

2. Ramon Gilsanz, Ronald Hamburger, Darrell Barker, Joseph L. Smith, Ahmad Rahimian, AISC Design Guide
26: Design of Blast Resistant Structures, AISC 2013

3. Bapat6am M.C., Koctupa H.O., Makcumenko B.IT Modeling of Building Structures Resistance to Collapse Failure
from Explosive Impact Advances in Science and Technology— 2024. —Vol. 156. — P.65-74
https://doi.org/10.4028/p-CSaY 06
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Analysis of a building on an air shock wave
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In the current military situation for our country, the analysis of the air shock waves on buildings
is crucial to ensure their strength. An air shock wave is one of the main factors that can cause
significant damage to buildings. So, this analysis is an important part of a thorough evaluation of an
explosive threat; it allows us to identify vulnerabilities in structures and take timely measures to
strengthen them.

The air shock wave produced by an explosion has unique propagation properties depending on
whether it is a ground or air explosion. In a ground explosion, the shock wave reflects off the ground
surface to generate an amplified front — the so-called reflected wave, which may have a larger pressure
amplitude than the primary wave. In an air explosion, the shock wave travels spherically from the
epicentre of the explosion. The pressure rises rapidly to a maximum value of Pr as soon as the shock
wave front reaches the structure. After that, the pressure gradually decreases to the atmospheric level
Po, and in certain cases, it may even drop below atmospheric pressure, creating a rarefaction phase.

In accordance with UFC 3-340-02, the LIRA-FEM program and its LIRA-CAD module
implement algorithms for the automated computation of the explosive load [1, 2]. The methodology
is based on the determination of the scaled distance (Z), taking into account the mass of the explosive
and the distance to the object. In the LIRA-CAD module, this algorithm is integrated into the
Generator system (Fig. 1). The algorithm operates on the basis of parametric modelling and visual
programming with nodes [3].

The primary features of the shock wave — the overpressure peak, phase length, pressure pulse,
and speed of the shock wave front — are identified based on the data entered (explosive mass,
distance to the structure, and type of explosion). In order to determine the load on structural parts, the
reflection coefficient for the reflected wave is also computed. In the LIRA-FEM program, the
calculated overpressure values are applied either as a static load, taking into account the peak pressure
values, or as a dynamic load, with impulse graphs automatically generated for each finite element of
the structure.

The Time History Analysis system in the LIRA-FEM program enables the user to carry out the
nonlinear dynamic analysis by direct integration of the equations of motion. It is also possible to
simulate various scenarios of explosive load, taking into account the effects of damping.

The Time History Analysis system is mentioned to solve both linear and physically nonlinear
problems. The analysis results contain displacements, velocities, accelerations, forces and stresses for
all elements at each time point. Automatically generated design combinations (DCF, DCL) are used
to check the bearing capacity of reinforced concrete, steel, aluminium and masonry reinforcing
structures.

So, to strengthen the buildings against military actions, it is therefore essential to analyse them on
an air shock wave. Modern techniques, including those found in the LIRA-FEM program and its
LIRA-CAD module, make it feasible to compute the explosive loads and identify the main parameters
of the shock wave. This makes it possible to model the impact of the shock wave on the structures,
consider dynamic features and check their load-bearing capacity; it helps to improve the safety of
buildings and minimise the risk of destruction.

1. USA Department of Defense (DoD), UNIFIED FACILITIES CRITERIA (UFC) 3-340-02: Structures to Resist the
Effects of Accidental Explosions, 2008

2. Ramon Gilsanz, Ronald Hamburger, Darrell Barker, Joseph L. Smith, Ahmad Rahimian, AISC Design Guide
26: Design of Blast Resistant Structures, AISC 2013

3. Barabash M.S., Kostyra N.O., Maksymenko V.P. Modeling of Building Structures Resistance to Collapse Failure
from Explosive Impact Advances in Science and Technology- 2024. -Vol. 156. - P.65-74 https://doi.org/10.4028/p-
CSaY06

207



V Midgicnapoona naykoso —npaxmuuna kongepenyis «byodieni ma cnopyou cneyiansino2o npusHaienis:
cyuacnimamepianu ma koncmpykyiiy (14-16 mpasns 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Ouinka Meski BOTHeCTIHKOCTI cTaJleBUX KOHCTPYKIIH
3 Bukopuctanuam LIRA-FEM

Onexcii bawuncokuii, ooxmop ¢inocogii (PhD), gpaxiseyv CAIIP, hitps://orcid.org/0000-
0003-2466-4306

TOB «JIIPA CAIIP» (m. Kuis)

Mera pocnimkeHHsT — cOpPMYBaTH Ta OMHCATH 1HXCHEPHO-TEXHIYHUI aNrOPUTM PO3PAXYHKY
MeTaJeBUX KOHCTPYKIIiH Ha BOTHECTIHKICTh 32 YTOUHEHOI MeTOqukol €Bpokony. Hapasi icHyloTb
CHPOLICHI aHAIITHYHI METOAMKH PO3PAXyHKY CTaJIeBUX KOHCTPYKLiil HAa BOTHECTIHKICTh, B TOMY
quci i 328 €BpokosoM. MeTo BU3HAUCHHSI KDUTHYHOI TEMIIEPATyPH, SIKHI B TOMY YHCIII peasi3oBaHO
B LIRA-FEM € mBHAKMM cOCOOOM OLIIHKHM TEMIIEPaTypH, 3a SKOi MONEpeyHuid mepepi3 BTpadae
HECHY CHPOMOXHICTb. [IpoTe yac HacTaHHS TPaHUYHOIO CTaHy KOHCTPYKIII 32 BOTHECTIHKICTIO 3a
TAKHUM METOZIOM BU3HAYUTH HEMOKJIHBO.

Came TOMY HPOIOHYETHCS METOIMKA, 110 3aCHOBAaHA HA YTOYHEHOMY METOAI OIHKU I'paHUL
BOIHECTIHKOCTI CTalIeBUX KOHCTPYKIiH. JlaHa METO[MKa MOJSArae y BUKOHAHHI JIBOX PO3PaXyHKiB:
TEIUIOTEXHIYHUH — JJIs BM3HAYEHHS Yacy HACTAaHHsS TPAaHUYHO CTaHy 3a BOTHECTIHKICTIO, Ta
MEXaHIYHUH (CTaTUYHUN) — [UIsl BU3HAUCHHSI HECHOT 3AaTHOCTI Tepepidy BHACTIAOK IMiIBHIICHHS B
HbOMY TEMIEPATYPU. AJITOPUTM PO3PAXyHKY 3 3aIPOIIOHOBAHOI0 METOIMKOIO HABE/ICHO HA PUCYHKY

Puc. 1. YncenbHO-aHAIITHYHHUI aITOPUTM BH3HAYCHHS I'PAHUILI BOTHECTIHKOCTI CTalIeBO OAKH IEPEKPUTTS

3anponoHOBaHY METOMKY MOJKHA BBa)KAaTH JTOCTOBIPHOIO Y 3B’SI3KY 3 TIOPIBHSAHHAM OTPUMAaHUX
pEe3yNIbTaTiB TEIUIOTEXHIYHOTO Ta MEXaHIYHOTO YHCEIBHOIO PO3PaxyHKy 3 pe3ylibTaTaMi HaTYPHHUX
ekcriepuMeHTiB [1,2].

1. S. Bilyk, O. Bashynska, O. Bashynskyi. Determination of changes inthermal stress state of steel beams in LIRA-
SAPR software. Strength of Materials and Theory of Structures. Kuis, 2022. Bur.108. C. 182-202.
https://doi.org/10.32347/2410-2547.2022.108.189-202

2. Bamnncskuii O.B. OwiHka Hecy4oi 31aTHOCTI CTaneBol OalKu MEPEKPUTTS B YMOBAX BUCOKUX TEMIIEPATyPHHX
sruBiB. Hayka Ta GyniBauireo. Kuis, 2024. Tom 39 Nel (2024). C. 72-78.
https://doi.org/10.33644/2313-6679-1-2024-8
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The purpose of the study is to formulate and describe an engineering and technical algorithm for
calculating metal structures for fire resistance according to the revised Eurocode methodology. At
present, there are simplified analytical methods for calculating steel structures for fire resistance,
including those based on the Eurocode. The method of determining the critical temperature, which is
also implemented in LIRA-FEM, is a quick way to estimate the temperature at which a cross-section
loses its load-bearing capacity. However, it is impossible to determine the time of occurrence of the
fire resistance limit state of the structure using this method.

That is why we propose a methodology based on a refined method for assessing the fire resistance
limit of steel structures. This methodology consists of two calculations: a thermal calculation to
determine the time of onset of the fire resistance limit state, and a mechanical (static) calculation to
determine the load-bearing capacity of a section due to an increase in temperature. The calculation
algorithm according to the proposed method is shown in Figure 1.

Craaia a phare

Fig. 1. Numerical and analytical algorithm for determining the fire resistance limit of a steel floor beam

The proposed methodology can be considered reliable due to the comparison of the results of
thermal and mechanical numerical calculations with the results of full-scale experiments [1,2].

1. S. Bilyk, O. Bashynska, O. Bashynskyi. Determination of changes inthermal stress state of steel beams in LIRA-
SAPR software. Strength of Materials and Theory of Structures. Kyiv, 2022. Issue.108. Pp. 182-202.
https://doi.org/10.32347/2410-2547.2022.108.189-202

2. Bashynskyi O.V. Estimation of the bearing capacity of a steel floor beam under high temperature effects. Science
and construction. Kyiv, 2024. Vol. 39 Nel (2024). Pp. 72-78. https://doi.org/10.33644/2313-6679-1-2024-8
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TpaauuiiiHa TEXHOJOTiS aBTOMATH30BAHOTO TPOEKTYBAHHS 3alli300€TOHHUX KOHCTPYKIN Y
nporpamHomy komiuiekci LIRA-FEM nepen6auae vactynHi eranu [1]: cTBOpeHHsI MOJIENi HECYYHX
KOHCTPYKLIH 3a (akTHuHMMHM OnamyOHMMM pO3MipaMH; CTBOPEHHS ilealli30BaHOi CKiHYEHHO-
elleMeHTHOT Mozeni (o mepexdayae, 30KpeMa, BH3HAYCHHS JKOPCTKICHHX XapaKTCPHCTUK
KOHCTPYKILIi 3a (I3UYHO HENIHIMHUM pO3paxXyHKOM, CIIPOIICHMMH METOJUKAMH JIHIHHUX
pO3paxyHKiB 4M KOMOIHOBaHUMH METOJAaMH, BTUICHUMH y (QYHKISX IMiJ 3arajbHOK Ha3BOIO
«lmkeHepHa HemiHifiHICTHY [2]; mWmOip apMyBaHHS 32 BH3HAYCHHUMHU PO3PaXYHKOBHMHU
CHOJIy4EHHSIMHU 3yCHJIb 3 BAKOPUCTAHHSIM CKIHUCHHO-EJIEMEHTHOT'0 MOCTIIPOLIECOPa AJIsl PO3PaXyHKIB
3a1i300€TOHHMX KOHCTPYKIIIH; BHUKOHAHHS 1H)XEHEPOM KOHCTpYIOBaHHs (y TOMYy 4YHCIi 3a
JIONIOMOT010 IHTEpaKkTUBHUX IuKan Ta Mo3aik B LIRA-FEM a0o incrpymentiB ans yHidikauii ta
aBTOMaTH30BaHOro KoHcTpytoBaHHs B LIRA-CAD).

Ockisbky (piHaIbHE KOHCTPYKTUBHE PIIICHHS BiJPI3HAETHCS BiJl TOTO TEOPETHYHOIO apMYyBaHHS,
110 OyI10 MiJi0paHo MOCTHPOLIECOPOM, HEOOX1/THO BUKOHATH MEPEBIPKY MPUAHITUX KOHCTPYKTHBHHUX
pilieHb Ha BIAMOBIIHICTh 33JaHKM BUMOTaM 00paHuX HOpMaTUBHUX JH0KYMEHTIB. Y LIRA-FEM st
LOTO BUKOPUCTOBYETHCS CKIHYEHHO-CJIEMEHTHMH IIOCTIIPOLECOp JUIsl HEPEBIPKU  3aJaHOTrO
apMyBaHHs, a mounHar4n 3 Bepcii 2025, mie i cuctema «Excneprusa 36K» na 6a3i LIRA-CAD.
OkpiM repeBipkr OETOHHUX 1 321113006 TOHHUX KOHCTPYKIIii IPH HOBOMY OY/1iBHHUIITBI, J0OAaTKOBUMH
3a7auamMu, JIe TaKOXK MOxke OyTH 3acTocoBana cuctema «Excriepruza 35K», € nokanbHuil po3paxyHOK
OKpPEMOi KOHCTPYKIIii Ha 3aaHi 3yCHJUIs, MepeBipKa TOCTATHOCTI OPIEHTOBHOI'O apMyBaHHs Iepe/]
MPU3HAYCHHSM TPHUBEJCHUX JKOPCTKICHUX XapaKTEPHUCTHK, OL[IHKAa MIIIHOCTI Ta eKCIUTyaTaliiHOi
MPUIATHOCTI BXKE ICHYIOYHMX KOHCTPYKIIii, 30KpeMa Py PEKOHCTPYKIIIT Ta IMiACHUIICHHI.

Cucrema «Ekcnepruza 3BK» BuKOpHCTOBYe Yy SKOCTI IMIIOPTOBAaHMX BHUXIJHUX JaHUX
iHpopMalliitHy MoJens OymiBeNbHUX KOHCTPYKII 13 JETANbHOK T'€OMETpPi€r Ta HE0OXiJIHO
CeMaHTHKOI0, T00Y10BaHy 3a gornomMoro inctpymenTiB LIRA-CAD, a Takoxx BHYTpILIHI 3yCHIUISI B
PO3paxyHKOBHX Tepepizax KoHCTpykuii, oouncneni y LIRA-FEM. [oTteHuiiino Taki BuXiaHi qaHi
TaKOXK MOXKYTb OYTH CTBOpEHI JIOKaJIbHO UM IMIIOPTOBaHi 3 iHIMX mporpaM. CucreMa mMae cBOiM
MPIOPUTETOM KOHTPOJIb KOPUCTYBa4a Haj yciMa BHXIJIHUMHU JAHUMH Ta XOJOM PO3paxyHKY, TOOTO
nepeabayae, 0 KOPUCTYBaY SBHO BKA3ye, sIKi PO3paxyHKH MarOTh OyTH BUKOHAHI, Ha SIKi KOMOiHaIii
HaBAHTAXEHb, IS SIKUX KOHCTPYKTUBHUX SJIEMEHTIB Ta SIKUMH PO3PaxXyHKOBHMH XapaKTEPUCTUKAMHU
Ti OyAyTh HA/IIJICHI B KOHTEKCTI KOKHOTO 3 PO3PaXyHKIB.

Taka peramizaiis Ta CTPYKTypYBaHHS BHUXIJHHX JaHUX JO3BOJSIE pEai30BYyBaTH OLIbII
yHIBepcalpHi Ta Yy3arajbHeHi (NOpPIBHSHO i3 HABEJCHUMHU B HOPMATHBHHUX JIOKyMEHTax Ta
MOCIOHMKaX, OPIEHTOBAHMX Ha PO3PAaXyHKH BPYUYHY) aJTOPUTMH INEPEBIPOK, a TAKOXK BUKOHYBATH
PO3paxyHKH CTPOTO BiIIOBIAHO JI0 3a{yMy IH)KEHepa.

Pe3ynpraTamu nepeBipok € koe(ilieHTH BUKOPUCTAHHS UL KOXKHOTO PO3PaxyHKOBOTO IIepepizy
3aJ]aHAX KOHCTPYKTHBHHUX €JIEMEHTIB, 3arajbHUl Meperyisif SKUX BiIOYBa€ThbCs Yy BUIIISI
iHTepakTUBHOI Mo3aiku Ha 3D Buji. 3a HEOOXIHOCTI U1l OOpaHUX KOHCTPYKILiH, PO3PaXyHKOBHUX
3aMad Ta KOMOIHAIi HaBaHTaXEHb MOXKE OYTH BHBEACHE TpPACYBaHHS pPO3PAaxXyHKY, TOOTO
BiTOOpaKEHHST XPOHOJIOTil PO3paxyHKy 3 BHKOPHCTAHUMH PO3PaxXyHKOBUMH (opMmyramu i
ITOPUTMIYHUMH YMOBAMH Ta MIJCTAaHOBKOIO BHXIJHUX Ta MPOMDKHHX PO3PaXOBaHHX 3HAUYCHb
BEJIMYHH.

1. Topomenpkwuii O. C., €B3epos L. JI. Komm'torepni mozaeni koncrpykiii. Kuis : dakt, 2007. 394 c.
2. bapabamr M. C., Copoka M. M. Cyp’suinoB M. I'. Heniniiina OyniensHa mexanika 3 ITK JIIPA-CAIIP :
monorpadis. Oneca : Exororisi, 2018. 248 c.
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The traditional technology for automated design of reinforced concrete structures in the LIRA-
FEM software suite includes the following stages [1]: creation of a model of load-bearing structures
based on actual formwork dimensions; creation of an idealized finite element model (which includes,
in particular, the determination of the structural stiffness characteristics using physically nonlinear
analysis, simplified linear calculation methods, or combined methods implemented through functions
under the general name “Engineering Nonlinearity” [2]); reinforcement design based on defined load
combinations using the finite element postprocessor for reinforced concrete structure calculations;
and structural detailing performed by the engineer (including with the help of interactive scales and
mosaics in LIRA-FEM or unification and automated detailing tools in LIRA-CAD).

Since the final structural solution often differs from the theoretical reinforcement selected by the
postprocessor, it is necessary to verify the accepted structural design against the requirements of the
selected design codes. In LIRA-FEM, this may be done using the finite element postprocessor for
checking the specified reinforcement. Starting from the 2025 version, this task can also be performed
using the “RC Expert” system based on LIRA-CAD.

In addition to the checks of concrete and reinforced concrete structures for new construction, the
“RC Expert” system can also be used for another tasks, such as local analysis of individual structures
under specified forces, verification of the adequacy of preliminary reinforcement before assigning
equivalent stiffness characteristics, and evaluation of the strength and serviceability of existing
structures, particularly in reconstruction or strengthening scenarios.

The “RC Expert” system uses, as imported input data, a building information model of structural
components with detailed geometry and necessary semantics, created using LIRA-CAD tools, as well
as internal forces at design cross-sections of the structures, calculated in LIRA-FEM. Potentially,
such input data can also be created locally or imported from other software packages.

A key priority of the system is to maintain user control over all input data and the calculation
process. This means the user explicitly specifies which checks are to be performed, for which load
combinations, for which structural elements, and with which design characteristics those elements
are to be evaluated in the context of each check.

Such detail and structuring of input data allows the implementation of more universal and
generalized verification algorithms (compared to those presented in design codes and hand
calculation-oriented manuals) and ensures that the calculations are performed strictly according to
the engineer’s intent.

The verification results are presented as utilization factors for each design section of the specified
structural elements, in form of an interactive mosaic in the 3D view. If necessary, calculation tracing
can be generated for selected structures, design tasks, and load combinations — this provides a
chronological representation of the calculation, including applied formulas, algorithmic conditions,
and substitutions of initial and intermediate calculated values.

1. Horodetskyi, O. S., Yevzerov, I. D. (2007). Computer models of structures.
2 Barabash, M. S., Soroka, M. M., Suryaninov, M. H. (2018). Nonlinear structural mechanics using LIRA-SAPR
Software. 2018, 248 p.
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Ouinka cTiiikocTi 3aXHCHOT KOHCTPYKIIT aHrapa npu BUOYXOBHX BIJIMBAX 3
Bukopucranusim LIRA-FEM

Inna Bapmin, acnipanm kapedpu KTh, https://orcid.org/0009-0009-2610-3271
Heporcasnuil ynisepcumem "Kuiscokuil asiayitinutl incmumym" (m. Kuis)

VY cydacHMX yMOBax BiHCBKOBUX KOH(IIKTIB 1 JIOKaJbHUX BIHH HaJ3BHYAHO aKTyaJbHHM €
NUTaHHA 3a0e3nedyeHHst 3axucTy OoWoBOI aBialii Ha aepojpomax ii Oa3zyBaHHS. AepoapoMH
BHUCTYIAIOTh CTPATETiYHO BAKIUBUMH 00’ €KTaMH, a/Ke BOHH BUKOPUCTOBYIOTHCS ISl 31iHCHEHHS
0OHOBUX BHJIBOTIB, JIOTICTUYHOTO 3a0€3EYEHHsI Ta TEXHIYHOTO 00CIyroByBaHHs JiTakiB. BogHouac
BOHH € OJIHI€IO 3 EPIIOYEProBUX LiJIeH CyIIPOTHBHHUKA, OCKUIBKU IX BUBEACHHS 3 J1a/ly MOXE CYTTEBO
3HU3UTH €()EKTHBHICTH aBiallifHOTrO YrpyrnoBaHHS.

CyudacHi TEXHOJOTII JO3BOJISIOTH 3aBJaBaTH yAapiB 10 aBiabas3ax i3 BEIMKUX BiJCTaHeH, 10O
3HAYHO YCKJIATHIOE 1X 3aXHCT. [Ipy IbOMY BapTICTh aTaKM 4acTO BHUSBIETHCS 3HAYHO MCHILOKO 3a
BTPATH, SKHUX MOXKC 3a3HATH AaTaKOBaHA CTOPOHA. Y paMKax NOCITIIKCHHS OyIM PO3IVIIHYTI
pI3HOMaHITHI THUIM YKPUTTIB JUIs aBialiifiHOi TexHiku, OOenpuIaciB Ta IepcoHany — BiX
3aJ1i300€TOHHUX apKOBUX YKPHUTTIB /0 MiA3eMHUX aepoiapomiB. [IpoaHanizoBaHO MiKHApOIHUIA
JIOCBif, 30KpeMa MoOUTbHI ¥ edextuBHI KoHcTpykuii Tunmy ESAP (CHIA) ta EFASS (Bemuka
BpuraHist), ki JEeMOHCTPYIOTh BUCOKY CTIHKICTb J0 aBiayaapis.

OO'eKTOM JOCII/UKEHHSI BUCTYIA€ THUIIOBE apKOBE YKPUTTS, SIKE CKJIAJAEThCS 3 HAIiBapO4HOI
KOHCTPYKIIIi Ta 32113006 TOHHUX IUIAT MEPEKPUTTSI, 3aCUTTAHHX IPYHTOM.

Po3pi3HSIOTH TPU OCHOBHHX BHITAJKH IPAHMYHUX CTaHIB KOHCTPYKIII: CTaH la — KOHCTPYKILis
HE Mae 3aJIMIIKOBHX AehopMaliil i 3alUIIaeThCs MPALe3TaTHO; CTaH 10 — Mo)ke BHHHKHYTH
Ccepio3HE MOIIKOIKEHHS, IKe MOTpedye peMOHTY ab0 4acTKOBOI 3aMiHuU; cTaH 1B — yacTKOBE a00
[OBHE PyWHHYBaHHS, SIKE HE MNPHU3BEAC N0 DPYHHYBaHHs BCi€i KOHCTPYKIII, ajie BHMaraTUMe
pEeKOHCTPYKIl. BUKOHaHO MaTeMaTHYHHMI aHamli3 i3 PO3PaXxyHKOM 3THHAIBHHX MOMEHTIB, 30H
IUTACTHYHUX TIeTelb. PO3paxyHKH BUKOHYBaIKUCh y mporpamuomMy cepenosuiii JIIPA-FEM (JIIPA-
CAIIP) 3 ypaxyBaHHSIM I'DaHMYHUX CTaHIB 3ai300€TOHHHMX €JIEMEHTIB Ta apMyBaHHs. [IpoBeneHO
YHCEJIbHE MOJICJIIOBAHHS BIUIMBY BHOYXOBOT XBHJII Ha KOHCTPYKIIIIO, 30KpeMa s MTOKPiBEIbHUX
T wionieto 10 80 M? rpu Aii yaapHOro HaBaHTAXKECHHSL.

3anpornoHoBaHa METO/IMKA PO3PAXYHKY Ta MOJICITIOBAHHS I03BOJISIE 3 BUCOKOIO TOYHICTIO OL[IHUTH
CTIMKICTh aHTapHUX KOHCTPYKLil 10 i BHOYXOBHX HaBaHTaKeHb. Pe3yiabTaTH JOCIIIKCHHS
MOYTh OyTH BUKOPHUCTAaHI [IPU NPOEKTYBAaHHI HOBHX Ta YJOCKOHAJIICHHI ICHYIOYHX 3aXUCHUX CIIOPY/T
Uit GoiioBoi aBiamii. Bymo mpoBeieHO KOMIUIEKCHHI aHalli3 KOHCTPYKTHBHHX OCOOJIMBOCTEH,
METO/IiB JMHAMIYHOTO PO3PaXyHKY Ta BIUIMBY BUOYXOBUX XBHUIIb.

OcobnuBy yBary TMPHIUICHO JOCTIDKEHHIO 3AaTHOCTI IUTUT TEPEKPUTTS MPOTUCTOSITH
JIOKaJIi30BaHMUM y/iapaM Ha 3Ha4Hii mioni. BcTaHOBIEHO, 110 KIIFOUOBUM (haKTOPOM JOBrOBIYHOCTI
€ 3JIaTHICTb KOHCTPYKIIi JIO CIPUSTIMBOTO IEPEpO3NOAITy CHI 1 NPOTHIAIl IUIACTHYHUM
nedopmarisM. YucenbHi MOJielNi J03BOJIMIM BU3HAYUTH KPUTHYHI MapaMeTpH, IO BILIMBAIOTh Ha
CTIMKICTh JI0 IPOTPECUBHOTO PYHHYBaHHS [IPH JIii BUOYXY.

BukopucranHs Cy4acHMX 1HXXGHEPHHX TEXHOJOIH 3HAYHO MIiJABHIIYE pPIBEHb 3aXHUCTY
cTpaTeriyHux o0’ €eKTiB, 3a0e3neuyroun eheKTHBHY 000pOHY aBialiitHux 0a3. OTpuMaHi pe3yabTaTu
€ aKTyaJIbHUMH JUTSI TOTPeO 0OOPOHHOT ramy3i Ta MOXKYTh OyTH BIPOBAKCHI Y MOAABIINX HAYKOBO-
TEXHIYHUX PO3POOKAxX y ranysi BiiicbKOBOTO Oy/IiBHHUIITBA.

1. Bapabam M. C., Kocrupa H. O., Makcumenko B. I1., Bapwmin 1. B. «MozentoBaHHs JTMHAMIYHUX HABaHTAXKCHb
BUOYXOBOTO THITy B 3a7adax AOCIIDKEHHS MIIJHOCTI OymiBeNbHMX KOHCTPYKIiii 3 Bukopuctanusam ITK JIIPA-
CAITIP» Tom 38 Ne4 (2023): Hayka ta OyniBauntso. C. 20-27.

2. bapabam M.C. locmi/pkeHHs CTIHKOCTI KOHCTPYKIIiif OyaiBesb Ta Copys 0 MPOTPECYIOYOTro pyiHYBaHHS IPH
asapiitnux BruimBax / M.C. Bapa6amu, O.C. Topozxeuskuii / HaykoBo-Texuiunuii sxypnan: Hosi texnosorii B
OyniBauITBI. — 2010. — Ne2(20). — C.19-23.

3. G. F. Kinney and K. J. Graham. Springer-Verlag Explosive Shocks in the Air — Second edition., Berlin. 1985.
269 pp. Illustrated. DM 134.
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Assessment of the resistance of the hangar protective structure
to explosive impacts using LIRA-FEM

Illia Barmin, PhD student of the Department of CST, https://orcid.org/0009-0009-2610-3271
State Non-Commercial Company «State University «Kyiv Aviation Institute» (Kyiv)

In modern conditions of military conflicts and local wars, the issue of ensuring the protection of
combat aircraft at their airfields is extremely relevant. Airfields are strategically important objects, as
they are used for combat sorties, logistical support and aircraft maintenance. At the same time, they
are one of the enemy’s primary goals, since their incapacitation can significantly reduce the
effectiveness of the air group.

Modern technologies allow strikes on air bases from long distances, which significantly
complicates their defense. At the same time, the cost of the attack often turns out to be much lower
than the losses that the attacked party may suffer. The study considered various types of shelters for
aviation equipment, ammunition and personnel - from reinforced concrete arch shelters to
underground airfields. International experience was analyzed, in particular, mobile and effective
structures such as ESAP (USA) and EFASS (Great Britain), which demonstrate high resistance to air
strikes.

The object of the study is a typical arched shelter, which consists of a semi-arched structure and
reinforced concrete floor slabs filled with soil.

There are three main cases of limit states of the structure: state la - the structure has no residual
deformations and remains operational; state 1b - serious damage may occur, requiring repair or partial
replacement; state 1c - partial or complete destruction, which will not lead to the destruction of the
entire structure, but will require reconstruction. A mathematical analysis was performed with the
calculation of bending moments, plastic loop zones. The calculations were performed in the LIRA-
FEM (LIRA-SAPR) software environment, taking into account the limit states of reinforced concrete
elements and reinforcement. A numerical simulation of the impact of a blast wave on the structure
was carried out, in particular for roof slabs with an area of up to 80 m? under impact load.

The proposed calculation and modeling methodology allows for a high-precision assessment of
the resistance of hangar structures to explosive loads. The results of the study can be used in the
design of new and improvement of existing protective structures for combat aviation. A
comprehensive analysis of structural features, dynamic calculation methods and the impact of blast
waves was carried out.

Particular attention was paid to the study of the ability of floor slabs to withstand localized impacts
over a significant area. It was established that the key factor in durability is the ability of the structure
to favorably redistribute forces and counteract plastic deformations. Numerical models allowed
determining critical parameters that affect resistance to progressive destruction during an explosion.

The use of modern engineering technologies significantly increases the level of protection of
strategic facilities, ensuring effective defense of air bases. The results obtained are relevant for the
needs of the defense industry and can be implemented in further scientific and technical developments
in the field of military construction.

1. Barabash M. S., Kostyra N. O., Maksymenko V. P., Barmin I. V. “Modeling of dynamic explosive loads in the
tasks of studying the strength of building structures using the LIRA-SAPR PC” Volume 38 No. 4 (2023): Science
and Construction. P. 20-27.

2. Barabash M. S. Research on the stability of building structures and structures to progressive destruction during
emergency impacts / M. S. Barabash, O. S. Gorodetsky // Scientific and Technical Journal: New Technologies in
Construction. — 2010. — No. 2(20). — P. 19-23.

3. G. F. Kinney and K. J. Graham. Springer-Verlag Explosive Shocks in the Air — Second edition., Berlin. 1985.
269 pp. Illustrated. DM134.
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MpakTuunuii ocBix Bukopuctanus LIRA-FEM ta LIRA-CAD

Onexcandp Jlazapes, nposionuil indwcenep mexuiunoi niompumxu, https://orcid.org/0000-
0003-4053-2805

TOB «JIIPA CAIIP»

ITK LIRA-FEM e HeBia'eMHO0O TaHKOO B NaHII0KKY BIM, 103BOJISIFOUH HA OCHOBI apXiTEKTypHOL
(dbizuunoi) Moze chopMyBaTH PO3PaXyHKOBY CXEMY, ONIEPYIOUH TLTBKH aHATI THYHHUMH MOHSITTIMH,
BHKOHATH PO3PAaXyHOK CXEMH, a IOTIM BHKOHATH KOHCTPYIOBAaHHA Ha OCHOBI IIHX PE3yNbTaTiB
po3paxyHky. Texnosmorisi inpopmaniitnoro monemoBanHs B IIK LIRA-FEM nae moxiuBicTh
e(eKTHBHO pearyBaTH Ha 3MiHY BUMOT JIO HPOCKTOBAHOTO 00'ekTy, ()OpMyBaTH HOBi BapiaHTH
HPOCKTHHUX PillleHb, YOCKOHATIOBATH NPOCKTHI PillIeHHs, HAMArato4uch JOCATTH iX MaKCHMaJIbHOT
e()eKTHBHOCTI.

VsBimo, y Hac € Mojiens OyaiBii B oxHii 3 mporpam (Revit, Archicad, Tekla Structures, Renga,
Allplan). Mu moxemo niepenatu gadi B LIRA-CAD nexinbkoma criocobamm:

1.BuxopucToBytour Kibka [FC ¢aiiniB. Y TakoMmy BUIaJKy MU MOXKeMO 30epertu B KoxeH (aiin
cBiii pos3xmin mpoekry. Hanpukman, necywi konctpykuii B IFC  ¢aitn "Konerpyktus'.
ApXITEKTYpHY MOJeNIb 3 YyciMa BHYTpILIHIMH TEpPEropo/IKaMH, 30BHIIIHIMH CTiHAMH i
npocropamu B IFC daiin "Apxitektypa". Taki 00'€KTH MOXYTh BUKOPUCTOBYBATUCS B CHCTEMI
LIRA-CAD sk naBantaxenss. Exementu OB 1 BK B IFC ¢aiin «Komynikaii». Ha ocHOBI nmx
enemenTiB y LIRA-CAD MoHa CTBOPUTH OTBOPH 1 EPEBIPUTH MOJIEIb Ha KOJI3il.

2.30epertu HeCcy4nii Kapkac 3a JornomMoror HoBoro hopmary SAF (Structural Analytical Format).
Le Binkputuii Gpopmat, SIKMH BXKe HMiTPUMYE JTOCUTH BEIHMKY KUIBKICTH IPOTpaM, HAIPHKIA
Archicad, SCIA a6o Allplan. C gonomororo Microsoft Excel MoxxHa HeperIsIHYTH CTBOPEHHIA
(bail 1 MPOKOHTPONIOBATH SIKi €IEMEHTH 3 SKUMH KOOPIMHATAMH 1 XapaKTePHCTUKAMU Oyiu
30epesxeHi. ApxitekrypHi o6'ektu OB i BK sk i B mepmoMy BHIIAJKy MOXKHA 3aIHCaTH 3a
nonomoroo [FC daiinis.

VYV LIRA-CAD poctynHuii HMPOKUii HAOIp IHCTPYMEHTIB 11 IEPETBOPEHHS 00'€KTIB 3 OJHUX
THUIIIB B 1HIII, BUPIBHIOBAHHS IMITOPTOBAHOI MOJIeIi, 3icTaBeHHs Matepiaii. Kpim Toro, LIRA-CAD
BIKE J103BOJIs€ c(HOPMYBATH TIOBHUH HAOIp JaHHUX IJIS PO3PAXYHKY.

basyrounch Ha pesynbraTtax po3paxyHKy 3a gomnomororo cucremu LIRA-CAD-3BK moxxHa
BUKOHATH YHi(pikanito ocHOBHUX 3B eleMeHTiB, IX KOHCTPYIOBAHHS 1 OTPHMATH POOOUl KPECICHHSL
apMyBaHHS, CIIeNU]ikailo apMaTypH, BiIOMICTb BUTpAT cTalli i BigoMicTs aetaneil. OcHoBHuME 35
CIICMCHTAMU € IUIMTH IIEPEKpUTT, AiadparMd >KOPCTKOCTI, KOJOHH, Oanku, CXOAW 1 maii.
KoncTtpyroBaHHs 3[IHCHIOETECS B aBTOMATH30BAHOMY PEXHMI Ha OCHOBI PE3ylbTaTiB Miad0Opy
apMaTtypH, IPeCTaBICHUX y BUIIISI 13010J1ei abo Mo3aik IUIOIi apMaTypu.

CdopmoBaHi eneMeHTIB MOXKYTh OyTH po3apykoBaHi abo ekcrioproBani B DWG ¢opmar. [Ipu
EKCIIOPTI KPEeCIIeHb BPAXOBYIOTHCSI BCI OCHOBHI HIOAHCH, SIKi 3YCTPIYAIOTHCS TIPH POOOTI 3 TIIOCKUMHU
KPECJICHHSIMHU B IaHOMY (hopmarTi:

- Bci 00'eKTH, SIKi IPUCYTHI Ha KPECIICHHI, PO3MIIYIOTHCS Ha BiNOBLHUX IIapaX MO TUITy 00'eKTa

(CTiHM, TUTITH, KOJIOHH 1 T.1I.);

- TaOJuIi, pO3MipH, BUHECCHHS, INTPUXYBAHHS 1 THIIN JiHIl eKCIOPTYIOTHCS B HATHBHI 00'€KTH
DWG ¢opmarty;

- CTBOPIOIOTBCSI CTHII JUIsL 00'€KTIB TEKCT, JIiHisA, pO3Mip, MyIbTiBUHOCKA, Tabiuus. Jani et
JO3BOJISIIOTH BifoOpasutu kpecienHs DWG Takum camuM sk KpecieHHs, ctBopeHe B LIRA-
CAD.

BIM inrerpanis B LIRA-FEM no3Boisie imxeHepaM 3BECTH JO MiHIMyMY KiIbKiCTh IIOMHJIOK 3a

PaxyHOK IIOBTOPHOTO BBE/ICHHS JAHHX, IIIBUIIUTH ¢()CKTHBHICTh CIILIBHOI POOOTH MK CyMIKHUMH
BiJUTiTaMU, CKOOPMHYBATH Jil 3 IPOSKTYBaHHS 1 CKOPOTUTH 4acOBI BTPATH.

1. Bapa6am M. C. IIporpamui komrekcu CATI®IP i JIIPA-CAIIP — ocHoBa BiTun3usaux BIM-texnounoriii. M. C.
Bapabam, O. 1. [Tamienko, . B. Menseznenko. — 2-e Bua. — M.: FOpaiit, 2013. — 366 c.
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LIRA-FEM software and its LIRA-CAD module: Practical experience

Oleksandr Lazariev,lead engineer in Technical Support Team, https://orcid.org/0000-0003-
4053-2805

LLC LIRA SAPR

LIRA-FEM program is an integral part within the BIM chain. In this program it is possible to
generate design model on the basis of an architectural (physical) model with the help of analytical
concepts [1]. Then the user could carry out analysis of the model and based on these analysis results,
carry out analysis of RC & steel structures. Building Information Modelling technology in LIRA-
FEM program enables the user to effectively respond to changes in the requirements for a designed
object, generate new concepts for design solutions, enhance design solutions in order to achieve their
max efficiency.

Let’s suppose, we have a building model in any of the programs (Revit, ArchiCad, Tekla
Structures, Renga, Allplan). The data may be transferred to LIRA-CAD module in several ways:

1. to use several IFC files. In this case, certain project chapter may be saved to certain file. For
example, load-bearing structures - to the IFC file ‘Structural’. Architectural model with all internal
partitions, external walls and spaces - to the IFC file ‘Architecture’. Such objects may be used in the
LIRA-CAD module as a load. Elements of heating and ventilation - to the IFC file ‘Engineering
Networks’. For such elements in LIRA-CAD, you can create openings and check the model for errors.

2. to save the load-bearing framework to the new SAF format (Structural Analytical Format). It
is an open format and is already supported by many programs, such as Archicad, SCIA or Allplan.
With MS Excel, the user could preview the generated file and check which elements with which
coordinates and parameters were saved. Architectural objects and heating/ventilation, as in the first
case, may be saved to the IFC files.

LIRA-CAD module provides a wide range of tools to convert objects from one type to another, to
align the imported model, to replace materials. Moreover, with LIRA-CAD tools now it is possible
to generate a complete set of data required for the analysis.

According to analysis results, in LIRA-CAD-RC module it is possible to unify the main RC
elements, design them and obtain working drawings of reinforcement, schedule of reinforcement, list
of steel consumption and a list of components. Floor slabs, shear walls, columns, beams, stairs and
piles are the main RC elements. RC elements are designed automatically according to the results
obtained in analysis of reinforcement; these results are presented as contour plots or mosaic plots of
the reinforcement area.

The generated drawings of RC elements may be printed or exported to DWG format. When the
drawings are exported, the program takes into account all main features of work with 2D drawings in
this format:

- all objects available on the drawing are placed at the appropriate layers by the type of object
(walls, slabs, columns, etc.);

- tables, dimensions, leaders, hatching and linetypes are exported to native DWG objects;

- styles are generated for the following objects: text, line, size, multileader, table. These styles
enable the user to display a DWG drawing exactly as the drawing generated in LIRA-CAD module.

BIM options in LIRA-FEM enable engineers to minimize errors because of re-entering the data,
have effective collaboration between related departments, coordinate design activities and avoid the
time loss.

1. Barabash M. S. Programni kompleksu SAPFIR i LIRA-SAPR — osnova vitchyznyanux BIM-tehnologii. M. S.
Barabash, O. 1. Palienko, D. V. Medvedenko. — 2-nd ed. — M.: Yurait, 2013. — 366 s.
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’TOB «JIIPA CAIIP»

Mera JOCTIDKEHHSI — TOPIBHSHHS TOBEIIHKM KapKacHO-MOHOJITHOI BHCOTHOI OyaiBIi TpH
JIOKaJIbHII BTPATi KOJIOH 3a JIONIOMOT'O0 YHCEIIFHOT'O MOJICIIIOBAHHS B KBa3iCTATUYHIN 1 JUHAMIYHIN
MMOCTAHOBKAX 3aaui i3 Bukopuctanusm pushdown- i pulldown-meromis. JlocimiKeHO BIUTUB THITY
po3paxyHKy (JiHIHHOrO Ta ()i3MYHO-TEOMETPHUYHO HENiHIMHOro), KoedilieHTa AMHAMIYHOCTI, a
TAKOXK OIIHEHO e(DEeKTHUBHICTh PI3HUX CXEM apMyBaHHS IUTUT MEPEKPUTTSI.

Jnst pospaxyHky Oyia moOynoBaHa 4HceNbHa MOAeNb 16-1oBepxoBoi kMTIIOBOI OyxiBii 3
MOHOJIITHUM 3a11300eTOHHUM KapkacoM y cepenouiii LIRA-CAD. MoaentoBanHst 311 ICHIOBAIOCS
y LIRA-FEM meTo/10M CKiHUEHHHX eleMeHTiB [1].

Po3risinanuics joKanbHi cleHapii pyliHyBaHHS, a caMe BTpaTa KOJIOH Ha 3-My Ta 8-My MOBepXax.
BinvoBa Ha 3-My HoBepCi 103BOJISE OLIHUTH MOKIIMBICTb IEPEPO3IOLTY HABAHTAKEHb, TOJ1 SIK IIPH
BUJIaJICHHI KOJIOHHM Y CepelHiil yacTuHi OymiBii WMOBIPHICTH MEPEKPUTTIB CIIPUIMATH 10JaTKOBI
HABaHTA)KCHHSI € 3HAYHO O1JIBIIOIO.

Ilpu KBa3icTaTHYHOMY MOJICIIOBaHHI BHAAJICHHS €JIEMEHTA IMITYEThCS NPUKIAIAHHIM 3yCHIIb,
BU3HAUCHUX y TNEPBHHHINA PO3PaxXyHKOBIH CXeMi, 31 3MIHOK IXHBOTO 3HaKy y BTOpuHHIH. [lami
BUKOHYETHCSI MOJICJIIOBAHHS MOBEIIHKUM KOHCTPYKLii Oe3 kosoHu B JiHiHHOMY Ta (isuuHO i
TEOMETPUYHO HENHIHHOMY BapiaHTax i3 3actocyBaHHsAM pushdown-merony i BapirOBaHHIM
Koe(iLi€HTIB JUHAMIYHOCTI 3alie)KHO Bix cueHapito [2]. Ilpu koediumieHTI ITUHAMIYHOCTI, IO
JTOpIBHIOE 1, criocTepiraeThest 3aHMKEHHS MIEPEMIIIICHB Yepe3 IrHOPYBaHHS IHePIIHHUX eeKTiB, TOI
K KoedilieHT 2 3abe3nedye peallicTHYHIITYy OL[IHKY OBEIIHKI KOHCTPYKIIT 32 paXyHOK BpaXyBaHHS
panToBOCTI BTPAaTH €JIEMEHTA.

[lpy nuHAMiYHOMY aHAaTi3i BU3HAYAETHCS HAINPYXKCHO-IEHOPMOBAHMI CTAaH KOHCTPYKILIl 3a
CTaTUYHUM PO3PAaXYHKOM, IICJsI 4OTO MOJENIOETCS MHTTEBA BTpaTa KoloHHM mpoTsrom 0,02
cexyHH. YncenbHa peali3alis 30iHCHIOETbCA METOIOM HpsiMO] iHTerpamii 3 gacoBuM kpoxom 0,002
CEKYH/I 1 3arajibHOI0 TPHBAIICTIO PO3paxyHKy 2 cekyHau. [lonanpumii AMHaMiYHUHN aHai3 CUCTEMHU
0e3 KOJIOHM BUKOHYEThCSI 13 3acTOCYBaHHAM pulldown-meromy.

OuiHeHo HampyXeHO-Ae(HOPMOBAHUM CTAH IUIUT MEPEKPUTTS ISl YOTUPHOX CXEM apMyBaHHS y
KBa3iCTaTUYHIN 1 AWHAMIYHINA MMOCTAHOBKAaX. BCTaHOBJIEHO, IO TOJATKOBE apMYyBaHHS IIi/IBUIILYE
JKOPCTKICT 1 3MEHIIYE MNPOTHHH, 3HIKYYHM PHU3UK MPOrPECyrOUYOro pyHHYBaHHS, TOII SIK
CTaHJApTHAa CiTKa € MaJoe(EeKTUBHOIO, OCOONMBO MPH BpaxyBaHHI JIWHAMIYHO! CKJIaJOBOL
MIPOrPECyI0YOro PyHHYyBaHHS.

ITopiBHAHHSA Pe3yNbTATIB PO3PAXYHKY 33 PI3HUMH METOIMKAMH BUSBUJIO CYTTEBI BIIMIHHOCTI MiX
KBa31CTATUYHUM 1 JIMHAMIYHUM pPO3paxyHKaMH: irHOpYBaHHs iHEpLiHHMX e(eKTiB y KBa3icTaTHIl
NPU3BOAUTH 10 HEJOOL[HKH MHepeMillleHb, TOAI SK JMHAMiKa TOYHINIE BigOOpaXkae pPO3BHUTOK
nedopmaniid. YpaxyBaHHs Qi3HUHOI Ta TEOMETPUYHOT HENIHIHOCTEH 301IBIIYE TepPEeMIIeHHS TUTUT
4yepe3 HaKOIMHMYEHHs IUIACTHYHHX AedopMamiif, 10 MiJKPEecIioe HEOOXiAHICTh KOMIUIEKCHOTO
HEJIHIHHOr0 MOJIEIOBaHHS AJIsl IOCTOBIPHOT OL[IHKH 3aJIMIIKOBOI HECY4Oi 3aTHOCTI.

1. Barabash, M.S., Kostyra, N.O., & Maksymenko, V.P. (2024). Modeling of Building Structures Resistance to
Collapse Failure from Explosive Impact. Advances in Science and Technology, 156, 65-74.

2. Fatema-Tuz-Zahura, Rahman, J., & Anila, S. A. (2024). A comparison of linear static progressive collapse analysis
of a typical R.C. framed building with various geometry and configuration of column. Civil Engineering and
Architecture, 12(4), 3094-3114. https://doi.org/10.13189/cea.2024.120444
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Methodology for Assessing the Progressive Collapse of a Reinforced Concrete
Frame Building Using Pushdown and Pulldown Modeling in LIRA-FEM

Maria. Barabash, doctor of technical sciences, professor of the Department of Computer
Technologies in Construction, Director, https.//orcid.org/0000-0003-2157-521X

Andrii Tymoshchenko, Postgraduate student at the Department of Computer Technologies in
Construction, https.//orcid.org/0009-0005-8005-9524

State University "Kyiv Aviation Institute” (Kyiv)
LIRA-SAPR LLC

The aim of the study is to compare the behavior of a reinforced concrete frame high-rise building
under local column removal using numerical modeling in quasi-static and dynamic problem
formulations, applying pushdown and pulldown methods. The influence of the type of analysis (linear
and physically-geometrically nonlinear), the dynamic amplification factor, as well as the
effectiveness of different slab reinforcement schemes was investigated.

For the analysis, a numerical model of a 16-story residential building with a reinforced concrete
frame was developed in the LIRA-CAD environment. Modeling was carried out in LIRA-FEM using
the finite element method [1].

Local failure scenarios were considered, specifically the removal of columns at the 3rd and 8th
floors. The failure at the 3rd floor was used to assess the ability of the structure to redistribute loads,
while column removal at intermediate levels tested the slabs' capacity to absorb and redistribute
additional loads.

In quasi-static modeling, element removal was simulated by applying forces from the initial design
model with reversed sign in the secondary model. The structure’s behavior without the column was
analyzed in both linear and physically-geometrically nonlinear variants using the pushdown method,
with different dynamic amplification factors depending on the scenario [2]. A factor of 1
underestimated displacements by neglecting inertial effects, whereas a factor of 2 yielded a more
realistic assessment by accounting for the sudden loss of support.

In the dynamic analysis, the initial stress-strain state was determined through static calculation,
followed by simulating the instantaneous removal of a column within 0.02 seconds. Numerical
simulation was performed using the direct integration method with a time step of 0.002 seconds and
a total simulation duration of 2 seconds. Subsequent dynamic analysis of the structure without the
column was carried out using the pulldown method.

The stress-strain state of floor slabs was evaluated for four reinforcement schemes in both quasi-
static and dynamic setups. It was found that additional reinforcement increases slab stiffness and
reduces deflections, thereby lowering the risk of progressive collapse, while the standard
reinforcement mesh proved insufficiently effective, especially under dynamic loading.

Comparison of the calculation results obtained by different methods revealed significant
differences between quasi-static and dynamic analyses: ignoring inertial effects in quasi-static
modeling led to underestimated displacements, whereas dynamic analysis better reflected the
development of deformations. Accounting for physical and geometric nonlinearity substantially
increased slab displacements due to the accumulation of plastic deformations, highlighting the need
for comprehensive nonlinear modeling to accurately assess the residual load-bearing capacity.

1. Barabash, M.S., Kostyra, N.O., & Maksymenko, V.P. (2024). Modeling of Building Structures Resistance to
Collapse Failure from Explosive Impact. Advances in Science and Technology, 156, 65-74.

2. Fatema-Tuz-Zahura, Rahman, J., & Anila, S. A. (2024). A comparison of linear static progressive collapse analysis
of a typical R.C. framed building with various geometry and configuration of column. Civil Engineering and
Architecture, 12(4), 3094-3114. https://doi.org/10.13189/cea.2024.120444
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P LIRA-FEM  LIRA-cAD &

MporpamMmHuiA KOMMNIEKC A4Sl PO3PaXyHKY, NPOEKTYBaHHA,
MoAeNoBaHHA NPOLLECiB XXUTTEBOro LMKIY 6yAiBeNIbHNX KOHCTPYKLLilA

»  LIRA-FEM (finite element modeling) -
NpOrpamMHuin KOMMNMIEKC Ans CKIHYEHHO-
€MEeMEHTHOro po3paxyHKy i NPOEKTYBaHHS
OyaiBenbHUX i MaLWMHOByAIBENBHMUX KOHCTPYKLi
Pi3HOro NPU3HAYEHHS.

LIRA-CAD € npenpoLecopom Ta MOgennepom ansi
nporpamu LIRA-FEM.

MogentoBaHHS NpoLIECiB Ha Pi3HUX CTafisax
XUTTEBOIO LIMKITY.

MopgentoBaHHs npoLecy 3BeAeHHS1, BOTHECTINKOCTI,
BMOGYXOBOIO BNIMBY Ta NPOrpecyryoro 06BaneHHs.

MopgentoBaHHS NpoLecy PEKOHCTPYKLiT.

YY Y Y VY

Po3paxyHok i aBToMaTnsoBaHe NpOEKTYBaHHS
BVICOTHMX, MPOMMCIIOBMX Ta rpoOMazackbkmx byaisens
3 MOHOMITHOrO Ta 36ipHOro 3ani3obeToHy,
NOKPUTTIB i NEPEKPUTTIB BENNKNX NPONbOTIB,
MOCTIB, BEX i LLOM, pe3epByapiB, KOHTAWHMEHTA i
KoHanHmeHTy AEC, 3axucHux cnopya Ta iHLu.

> Po3paxyHOK KOHCTPYKLi Ha CENCMIYHI Ta iHLLi
OVHaMIYHI BNAMBW 3rigHO HOPM YKpaiHu,
KasaxcTaHy, Asepbaiigany, Ipysii, PpaHuii,
TypeTuunHu, Ta iH.

> CucTeMM Ansi KOHCTPYIOBAHHS 3ari306€TOHHMX,
cTanesarni3obeToHHUX, apMOKaM'siHVX | CTaneBux
KOHCTPYKLIiV i3 BUaa4eto poboumnx KpecneHb
BiAMOBIAHO 40 HOpMATUBIB KpaiH €Bponu, YkpaiHu,
KazaxcTaHy Ta iHWMX KpaiH.

> [OuHamika B Yaci Mmofentoe noBegiHKy KOHCTPYKLUIi
B yaci Ha 6a3i 3a4aHunxX pisHNUX BUAIB HABAaHTaXXEHb,
LLIO 3MIHIOTbCS B Yaci (akceneporpamu,
cevicMorpamu, BUMYLLEHi KONUBaHHS, yaap,
BMOYXOBUIA BNAUB Ta iH.).

> Pushover analysis ctatniHunin HeniHinHWi
PO3paxyHoK, NMpW SKOMY BEPTVKasibHO
HaBaHTaXXeHa po3paxyHKoBa MOAesb Cnopyau

(LLLLLERALLER AR

NiAOAETHCA MOHOTOHHOMY HapOLLyBaHHIO s A o T AP 1 =,
CefiCMiYHOTO FOPU3OHTANIBHOTO HABAHTaXEHHS 3 e e . R

KOHTpOJiEM ropn30HTarIbHOro I'IepeMiLIJ,eHHFI.

> MoHTax [03BOMSE NPOBOANUTN MOAENOBaHHS
npoLecy 3BEAEHHS Pi3HUX KOHCTPYKLIN 3
ypaxyBaHHsIM Baratopa3oBoi 3MiHM po3paxyHKOBOI|
CXEMM, IEMOHTAXY EIEMEHTIB CXeMMU,
NPUKNagaHHs i 3HATTS MOHTa)KHOTO
HaBaHTaXEHHS, Pi3HOT XXOPCTKOCTI i MiLLHOCTi
martepiany.

»  T[porpecyioye o6BaneHHs MOLENOE NoBeiHKY
KOHCTPYKLUiV ByaiBens Ta cnopya y Bunagky
aBapiHNX 3aKPUTUYHMX BMNMBIB, SKi BU3Banu
noKanbHi pyviHyBaHHSA OKPEMUX HECHUX eNIEMEHTIB.




WP LIRA-FEM  LIRA-CAD

MporpaMmHMii KOMRIEKC A4S PO3PaXyHKY, NPOEKTYBaHHSA,
MoAeNI0BaHHA NPOLLECIB XXMTTEBOTO LLMKAY 6yAiBesIbHUX KOHCTPYKL,ilA

»  IHcTpymeHTapiit LIRA-CAD noasonsie
opraHidyBat e(peKTMBHWUIA BOCTOPOHHIW
3B'A130K Ha 6a3i iHhopMaLliiHMX Mogdenen
MPOrpamHUX KOMMIEKCIB Pi3HOrO MPU3HAYEHHS,
[03BONSE IMNOPTYBaTV apXiTeKTypHi MoZeni 3
pisHnx cpopmartiB (IFC, DWG, SAF Ta iHwW.) Ta
eKCrnopTyBaTu pe3ynbTaTv po3paxyHKy Yy pisHi
rpadivHi NporpaMHi KOMNeKcu.

> HaGip ciMeiiCTB Ta iHCTPYMeHTIB Ans NoByoBu
B Autodesk Revit aHaniTuuHoi mozeni,
gnf:;nnf_angHg I£|'\e;|6r|m>|<eH0| [10 PO3paxyHKOBOI Building = 4 L
3 . Information !

» [epenaya aHanitTuuHoi mogeni 3 Revit oo B Modelling l
LIRA-FEM ansi BUKOHAHHS MiLHICTHOrO
PO3paxyHkKy.

» [epepava nipi6paHoi apmatypu 3 LIRA-FEM y
Revit Ans KOHCTPytOBaHHSA 3ani306€TOHHMX
HeCy4ux NIuT, CTiH, KONMOH Ta 6anok.

- ¥ BIM

»  Habip iHcTpymeHTiB Ans rpadivHoi Bidyanisauii
Ta KOHTPOI0 apMyBaHHsi, 3BUYHUI AN
kopucTyBadiB LIRA-FEM, ane dyHkujioHye B
cepepoBuLLi Revit.

»  PospaxyHkosa Mogenb Tekla Structures Mmoxe
6yTun 6e3nocepenHbO NepenaHa y cuctemy
LIRA-FEM.

»  Mnarit go3Bonsie Rhino/Grasshopper Ta LIRA-
CAD 6e3nocepefHb0 B3aeMoZisiT1 4ns
CTBOPEHHS Ta ynpasniHHA mogennto BIM yepes
iHTepdeiic Bi3yanbHOro NporpaMyBaHHS

Grasshopper.
( CAD cuctemu h ( ) f Ananitnuna )
AutoCAD Revit LIRA-CAD MoAenL
e - Revit
canmacT -
B¥ Tekla  ALLPLAW 5 i @ &Y Tekla
) f —
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IaTerpoBana cucrema aHajizy KOHCTPYKUIId

IHTerpoBaHa cucTeMa aHaiizy KOHCTPYK-
uiif OyniBenb 1 CHOpya € Cy4acHUM
IHCTPYMEHTOM, SIKHH JI03BOJIsIE BUKOHATH
PO3PaxyHKH 1 MPOEKTYBAHHS PIi3HUX 3a
NpU3HAYeHHSIM, po3MipamMHM 1 Martepia-
JamMi O0'€KTIB IMBUIBHOTO 1 MPOMHC-
JIOBOTO MPHU3HAYEHHSI.

SCAD++

3abe3neuye
CTaTUYHOTO aHAIli3y, SKHI Peari30BaHO y
KJIacU4Hii (opMi MeToJa CKIHYCHHUX
€JIEMEHTIB.

BHUKOHAaHHA

Cepen METOMIB, SIKi peai3yoTh PO3Kia-
JIeHHsT 32 (pOpMaMHu KOJIMBaHb, [IPOTIOHY-
€TbCsl TakoK 1 Meron JlaHumoma, sKuit
JI03BOJISIE ABTOMaTHYHO 3HAWTH
HEOOXiTHY KiJTbKICTh (hOPM IS 321aHOTO
BIZICOTKA MOJAJIbHHUX Mac.

SCAD Soft LTD has won the BUILD MAGAZINE’S
CONSTRUCTION & ENGINEERING AWARD

OCHOBHUM  €JIEMEHTOM  CHCTEMH €
oOuncmoBaibHMM ~ Komruiekc  SCAD++,
SKHA € OaraTo(QyHKLIOHATBHUM IHCTPY-
MEHTOM IHXKCHepa Ui BUPIMICHHS 33734
aHaJIi3y MII[HOCTI KOHCTPYKIIIH.

iz

JlunamiyHUI aHaANi3 TPENCTABICHO, SIK Yy
dopmi TpAMOTO IHTETpyBaHHA pPiBHSIHb

pyxy (3arampHH{d ~ BHIIAJOK), TaK 1
pilIeHHsIMH, SIKi OCHOBaHI Ha BUKOPHCTaHHI
po3kiajeHHss 1o  ¢opmMaM  BJIACHHX
KOJIMBaHb.
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' 3 2 HeniniliHi  po3paxyHKH BHKOHYIOTBCSI 3
ypaxyBaHHAM TUIACTUYHOT ¢dopmu
nedpopMmyBaHHsI B 000X BapiaHTax —
NPY)KHO-TUIACTUYHOMY 1 3TiIHO  Teopii
—— S | macTH4HOI Tedii.

['eHeTHYHA HENIHIMHICTD J]a€ 3MOTY BHKOHYBATH PO3paxXyHKH
KOHCTPYKIif 31 3MIHHOIO  PO3PaxyHKOBOIO  CXEMOIO,
HAMPUKIA], MOHTaX. PeaiizoBaHa TakoX i KOHCTPYKTHBHA
HEMHIHHICTh, HAPUKJIAJ, Y BUTJIA/I OJJHOCTOPOHHIX B'S31B.

BukoHaHHS CTATHYHUX 1 JUHAMIYHMAX PO3PaxXyHKIB B JIHIHHIN 1 HENIHIHHIN TOCTaHOBKAX
3a0€31MeueH0 BUCOKONIBUAKICHUMH TIPOIIECOPAMH, SIKi BHKOPUCTOBYIOTH TpsiMi Ta
iTepauiiiHi METOAHM, MapajeibHy 0OpOOKYy NaHHMX 0e3 NMPaKTUUYHHX OOMEXEHb Po3Mipy
3amad. biOmioTeka CKIHUCHHMX €JIEMEHTIB BKJIFOYAE IMUPOKUI HaOip €IEeMEHTIB, B TOMY
YHUCIIi BUCOKOTOYHI €JIEMEHTH, ISl BUPILICHHS JIIHIHHKUX 1 HEJIHIHHUX 3a1ad4.

€1uHe IHTepaKTHBHE CEPEeIOBUIIE KOPHCTY-
Bava J03BOJISIE CPOpPMYyBATH, SIK "KiIacHuHi"
CKIHUEHO-CJIEMEHTHI MOJIEN, TaK 1 YKpyI-
HEeHi CTPYKTYpOBaHi MOJIEINI, IKi OyAyIOThCA
i3 eJNeMeHTIB  KOHCTpYKWii  OyaiBenb
(xonoHU, OaTKH, IEPEKPHUTTS, CTIHH TOIIIO)

LNCAD
Oifice
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InTerpoBana cucrema anajizy koncrpykuiii SCAD OFFICE. ®ynkuionanbHi
MOSKJIMBOCTI | HANIPSIMKH PO3BUTKY

Eoyapo Kpukcynos, kano. mexn. nayk, oupexkmop HB TOB "CKAJ Coghpm"
Haykoso-supoonuue TOB "CKAJl Copm”, (m. Kuis)

InterpoBana cuctema aHamizy MminHocti KOHCTpyKiiit SCAD Office ckiafa€eThest 3 CyKymHOCTI
HE3aJICKHUX IPOTPAMHUX MOJYIIB, KOXKEH 3 SKUX HMPU3HAYCHUH JUI BUKOHAHHS IIEBHOI'O BHIY
orepaliif, MoB'sI3aHUX 3 PO3PAXYHKOM Ta IPOEKTYBAHHSAM HECYUYUX KOHCTPYKLiN Oy/aiBelb i CIOpy.
LlenTpanbHUM eIeMEHTOM CUCTeMH € yHiBepcanbHuil O6uncmoBanbuuil komiieke (OK) SCAD++.
Kpim TOro, 10 CKIaxy CHCTEMU BXOAATH MPOrPaMU-CATETiTH, U8 BUPIIICHHS 3a/a4 IOB'SI3aHKX 3
pO3paxyHKaMy €JEMEHTIB KOHCTPYKIH 3riHO [ifo4uX HOPM (pO3paxyHKOBO-aHAJITHYHI
nporpamu), nporpamu (GopMyBaHHS 1 pPO3paxyHKy TE€OMETPHYHHX XapaKTEPHCTHK Iepepisis,
JIOTIOMIXKHI TIPOTPaMH JIJIsI TTOIIYKY MPYXKHOI BIHKJIEPOBCHKOT OCHOBU (hyHJIaMEHTHHX IUIUT HUITXOM
MOJICITIOBAHHS poOOTH 0araTomapoBoro IPyHTOBOTO MAaCHBY, OOUHMCIICHHS 3HaUeHb HABAHTAKEHb Ta
BIUIMBIB, IPOEKTYBAHHS BY3JIiB CTaJEBUX KOHCTPYKLIH Ta 32113006 TOHHUX peOPUCTUX NEPEKPUTTIB.
Bci nporpamu-carenitu, ski Bxoaats 10 cucreMu SCAD Office, 38'13ani 3 OK SCAD B 060x
HanpsiMKax, TOOTO MalTh 3MOry SIK OTPUMYBAaTH, Tak i nepeaasatu iHpopmaiio B SCAD. Sk
SCAD++, Tak i po3paxyHKOBO-aHAIITHYHI HNPOrpaMH PEasli3ylOTh HAI[lOHaJbHI HOPMH YKpaiHH,
JIuteu, Kazaxcrany Ta iHii, a Takox €BpOHOPMHU, JUIS SIKUX PO3PO0JICHA CielialibHa BepCis MOLTYKY
PO3PaxXyHKOBHX CIIOJIYYEeHb 3yCHIIb 3 ypaXyBaHHSIM HAI[IOHAIBHUX JOJATKIB.

Ineosoris, mo nokinaaeHa B ocHOBY po3pooOku cuctemu SCAD Office, nonsrae B HacTyImHOMY:
Mo-TIepiIe, PO3paxyHKOBO-aHANITHYHI MPOrpaMU-CATEIITH MOBHHHI TOYHO pPeani3oByBaTH HOPMHU
MPOEKTYBAHHSI KOHCTPYKIiH, IMO-ApYre, aJrOPUTMH, SIKI MOKJIAJCHI B OCHOBY (YHKIIOHYBAaHHS
obuncoBanpHoro komiiekey SCAD, MOBUHHI TOUHO peallizoByBaTu (i3M4HI IPOLECH i, TO-TPETE,
CcHUCTEMa KOHTPOJIKO TIOBHHHA 3a0e3MEeYMTH MAaKCHUMalbHO MOXIIMBY II€PEBIPKY KOPEKTHOCTI
3aBIAaHHS TAPaAMETPIB PO3PAXYHKOBOI CXEMH.

OK SCAD++ 3abe3nevye BUKOHAHHS HACTYITHUX OIEpalliii: CTATHYHUIN aHalli3 — peai3oBaHo B
KJacu4Hiil popmi MeTOa CKIHUCHHUX EIIEMEHTIB; TMHAMIYHUI aHalli3 — MPECTaBICHO, K Yy hopmi
MpsSIMOTO IHTETPYBAHHS PiBHSHBb PyXy (3araibHuil Cily4ail), Tak 1 pIlICHHSIMH, SIKI OCHOBaHI Ha
BUKOPHUCTAaHHI PO3KIAJCHHS 110 ()OpMaM BIACHUX KOJIUBaHb. B 0OCTaHHROMY BUIA/IKy TIPOIIOHYETHCS
TakoX i Metox Jlanmoma, skuit 103BoJIsIE aBTOMAaTUYHO 3HANTH HEOOXIIHY KUTBKICTh (JOpM BIIaCHHX
KOJIMBAHb, SIKi BIIMOBIZIAlOTh 33JJaHOMY 3HAYCHHIO BiJICOTKAa BUOpaHMX MoJajbHUX Mac. HemiHilHI
PO3paxyHKH BUKOHYIOTBCS 3 ypaxyBaHHSM IIACTUYHOI popMu JedopMyBaHHS B 000X BapiaHTax —
MPYKHO-TUTACTHYHOMY 1 3TiIHO Teopil miactuyHoi Teuii. Kpim Toro, B mporpami peanizoBaHa
KOHCTPYKTHBHA HETiHIHHICTh (OIHOCTOPOHHI B's31) Ta TEHETUYHA HEMIHIMHICTD (aHAai3 KOHCTPYKIIiit
31 3MIHHOIO PO3PaXyHKOBOI CXEMOI0, HAIPHUKJIA/l, MOHTaX). BUKOHAHHS CTATUYHUX 1 IWHAMIYHUX
PO3paxyHKIB B JiHINAHIA 1 HETiHIHHIA MOCTAaHOBKaX 3a0e3MeUeHO BUCOKOIIBHIKICHUMH COJIBEpaMU
(mporiecopamu), sIKi BUKOPUCTOBYIOTb IIPSIMI Ta iTepauiiiHi METOAHM, napaieabHy 00poOKy NaHuX, a
TaKOX INPAaKTHYHO HE MalOTh OOMEXKEHb Ha po3Mipu 3ajaad. bibmioTeka CKIHYEHHMX CJICMEHTIB
BKJIFOYAE MUPOKHIL Habip eIIeMEHTIB, B TOMY YHCIIi BACOKOTOYHI €IIEMEHTH, JJIs1 BUPIIICHHS JIiHIHHIX
Ta HEMIHIMHUX 3a71a4.

B sxocti Bxinuux gaanux st OK SCAD++ nependaueHo BUKOPUCTAHHS aHATITUYHUX MOJETICH,
SIKI € pe3ysIbTaToM pobOTH MojeoYrX crcteM, iHdopmartii B cranmapti [FC, ¢popmarie DWG i
DXF, a Takox po3paxyHKOBHX CXeM B (opMaTax CKIHYEHO-EIEMEHTHHX IPOrpaM 4yepe3 CHCTEMY
FEMAP.

Joxymenranis no cucremu SCAD Office (www.scadsoft.com) BKII04a€ OIMHC TEOPETUIHUX OCHOB
(i3Hm9HEX IpoLeciB, SKi ITOKIACHI B OCHOBY pealli3oBaHKX anroputMiB. Oxpemo naHo onuc AP, mo
J1a€ 3MOT'y KOPUCTYBadaM PO3POOIIATH BIIACHI JOAATKU IO CHCTCMH.

Cuctema SCAD Office mocTiiiHO pO3BHBA€ETHCS y HAMpsMKaX peanizaiii eQeKTHBHUX METO/IIB
PO3paxyHKy 1 MPOEKTYBAaHHs KOHCTPYKIIiH, peani3ailii HOBUX PeaKilii HOpMaTUBHUX JOKYMEHTIB.
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SCAD Office Integrated Structure Analysis System. Functional
capabilities and areas of advancement.

Eduard Kryksunov, cand. of techn. sn., the director of the “SCAD Soft” LLC
“SCAD Sofi” Scientific-production LLC (Kyiv)

Integrated structure analysis system SCAD Office consists of the set of independent software
modules. Each module is designed to perform a certain kind of operations related to the computation
and designing of the building structures. The core element of the system is the universal finite element
structural analysis program SCAD++. Besides, the composition of the system includes design and
analysis programs for the purpose of solving the tasks to the verification of the structural members
according to the specified design codes, programs to create various member cross-section and
calculate the geometric properties for them, auxiliary programs to calculate the subsoil parameters
for the structures on the elastic sub-grade, programs to determinate the design values of the loads and
effects on structure, programs to design the steel structural joints, connections and reinforced concrete
ribbed slabs. All included design and analysis modules are connected to the main program SCAD++
in both directions, meaning that they are able to both receive and transfer information. SCAD++ as
well as the design and analysis programs implement the national Ukrainian, Lithuanian, Kazakh and
other design codes, along with the Eurocodes, for which the special version of generation the efforts
case design combinations is developed, with national annexes taken into account.

The ideology which the design of the system SCAD Office is based on is the following: firstly,
design and analysis programs should implement the design codes requirements to the entire structure
and its structural members precisely, secondly, the algorithms which the functioning of the SCAD ++
is based on should implement mechanical processes correctly, and, finally, the controlling system
should provide the maximum amount of possible verification on the correctness of the design models
parameters.

SCAD++ provides the performance of the following operations: static analysis —done in the classic
form of the finite elements method; dynamic analysis — presented both in the form of the direct
integration of the movement equations (general case), and the solutions which are based on the usage
of the design models. In the latter case the Lanczos method is also suggested, allowing to searching
the necessary number of modal decompositions automatically, which correspond to the given value
of the percentage of the chosen modal masses. Non-linear computations are performed with the
consideration of the plastic form of deformation in both variants — elastic-plastic and according to the
theory of the plastic flow. Besides, structural nonlinearity (including unilateral constraints) and
genetic nonlinearity (the analysis of the structures with a variable design models, for instance,
erection) are implemented in the program. The completion of the static and dynamic computations in
the linear and non-linear modes is provided by the high-speed solvers, which use direct and iterative
methods, parallel data processing, and also practically do not have limits for problems’ sizes. The
library of finite elements includes a wide range of elements, including high-precision elements for
the linear and non-linear problems solving.

SCAD++ employs the following forms of the input data: analytic models obtained as simulation
results, information in the IFC standard, DWG and DXF file formats, as well as the design models in
the formats of the finite-elemental programs via the FEMAP system. The SCAD Office
(www.scadsoft.com) documentation includes the description of the theoretical basis of the mechanical
processes, which the implemented algorithms are based on. Separately, the API description is given,
which enables the user to develop their own plugins to the system.

SCAD Office system is constantly developing implementing effective structure computation and
design methods, meeting the new versions of the design codes.
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IIpoexTyBaHHA OyMIBEIBHUX CIIOPY[ CICLIaJbHOIO MPH3HAYEHHS YU 3BHYAHUX CIOpYX, ae
HPALIOIOYHX Y HeTHIIOBHX PEXKUMaX, TOTPeOye aHai3y iX MOBEIIHKH JAJICKO 32 MEKAMH IIPYKHOTO
nepopmyBanHs. lLle mnotpeOye BHMKOPUCTAHHS METOAMK, IO peali3yloTh (QyHJaMEHTAJbHI
MOJIOKCHHS, HANpPUKIAJ, TaKHX HAayK sK TEOpis NMPYKHOCTI 4M TEOpis IUIACTUYHOCTI, WO Ja€
MO>XUIUBICTh BUHTH 3a MEXKi 3aCTOCYBaHHS 3BHYalHUX OYIiBENBHUX HOPM, SIKi MICTSATH 0ararto
CIIPOIICHUX a00 MPUOIM3HUX peKOMEH AL, JI0IoBinb IPUCBIYEeHA MOXKIIMBOCTSAM TaKOTO aHANI3Y,
mo peaiizoBani y nporpamuomy komruiekci SCAD Office, ta neMoHcTpamii AesSKHX HE3BUYHUX
e(eKTIB IIACTHYHOI POOOTH KOHCTPYKIIIH.

[Mporpama SCAD mnepenbavae aBa MiAXOAWM JO ONMCY IUIACTHYHOI craaii nedopmyBaHHS
Marepiaiy, Hajawoud BuOip kopuctyBaueBi [0]: medopmariiiHy TEOpil0 IUIACTHYHOCTI; TEOPito
tacTu4Hoi Teyii 3 ymoBamu Jlpykepa-Ilparepa yu 'enieBa aist 6etoHa i o Miseca [uist apMaTypu.
B 000x Bunaakax po3risaaeTbcs MOXKIMBICTD peallizallil TPUBUMIPHOTO 1e(hOPMO-BaHOTO CTaHY.

Sk cBimYaTh eKcrepuMeHTH, JedopMalliiiHa Teopis MUIACTUYHOCTI CIpaBeIIUBa JUIsS IPOCTOTO
HaBaHTaKCHHS, KOJIM BCI 30BHIIIHI BIUIMBYU IPOIOPLIHHO 3MIHIOIOTECS y Yaci. Tooto nedopma-miiina
TEOpis MOXKE BUKOPHCTOBYBATHCS, KOJIH HETHCS PO CTATUYHE CHOMYYCHHS HABAHTAXKCHb 1 MOXKHA
BBa)KaTH, L0 IPUKJIAJICHI J0 KOHCTPYKIIi 0ro OKpeMi KOMIIOHEHTH OJHOYaCHO 3POCTAIOTh.

Teopist Tedii € epeKTUBHOI WIONO0 MPOLECIB CKIAJHOIO HABAHTAKCHHS, KOJIM HABAHTAXKCHHS
3MIHIOIOTBCS Yy 4aci HesanexHo. [Ipuknazom Moxe OyTH ceiicMiuHE HaBaHTAaXXCHHS, SKE
MO/ICITIOETHCSI BILTMBOM aKCEJIepOrpaMu, KOJIM peasli3yeThesl AyKe CKIIaHa iCTOpis HaBAHTa)KCHHSI.
Te came MOXHa CKa3aTH MpO IHII JAMHAMIYHI HaBaHTa)XCHHs (BUOyXoBa XBWIIS, MEpeBipKa Ha
BUOYTTS elleMeHTy Touo). PO3paxyHOK cTajueBUX KOHCTPYKLIH BHKOHYETbCS 3 BHKOPUCTaHHIM
(hi3UUHO HENIHIMHOrO pexuMy poOOTH 3BMYAHHMX CKIHYEHHUX eJIeMeHTiB. Po3paxyHok 3aiizo-
OETOHHUX KOHCTPYKIIH, 110 BpaxoBy€ HENPYKHY pOOOTY Marepiaily, peayli3yeTbCs 3a pPaxyHOK
BHKOPUCTAHHS CICLIAIBbHIX CKIHUCHHUX €JIEMEHTIB: CTEP)KHBOBOT'O 4 000JI0HKOBOTO THITY [0].

Cuctema, 1m0 1eOPMYEThCS IIIACTHYHO, HE € KOHCEPBAaTHUBHOIO, 00 JesKa 4acTKa MEXaHIYHOI
€Heprii MepeTBOPIOETHCS HA TEIUIOBY 1 BTpadaeThes. Ha BiIMIHY Bijl BUMAJIKy KOHCEPBATUBHOIO
neopMyBaHHs, PE3YJIbTYIOUUIl CTaH CUCTEMHU 3aJICKHUTh BiJl MMOCIIJOBHOCTI JIF0YMX HABAHTAXKEHb.
Ile € HACTIIKOM MOKJIMBHUX 3QJIUIIKOBUX Ae(OpMalliil, IKi BUKIHMKAHOTHCS [IACTUYHICTIO.

Haparotbest pocTi npukiIamy, Mo UTFOCTPYIOTH 1ied Ta iHI eeKTH, sIKi MOKHAa OTPUMATH JINIIE
IpH po3B’sI3aHHI 3a1a4 3a Teopieto mractuuHoi Tedii [0]. Lli edexkt € qocuTh HeCHOAIBAHUMU IS
OUIBILIOCTI IPOEKTYBAIBLHUKIB, UHs IHXKEHEpHa IHTYLisA chopMoBaHa po3B’I3aHHAMM JIIHIHHUX 33124
a”anizy, a (i3uyHO HeNiHifHI 3aja4i BUPIMIYBAJMCS 3a CIPOLICHUMHM MiAXoJaMHu (HampHKIal,
aHaJIi30M HEJIIHIHHOT NPY)KHOCTI 3aMiCTh aHaJIi3y IIACTUYHOCTI).

PeanbHuii 4MCIOBUIT PO3paxyHOK 4yacTo OyBae HEMOXIMBO JIOBECTH /0 I'PAaHMYHOI Hecydoi
3naTHocTi. LlpoMy 3aBakae uucenbHAa HECTAOUIBHICTH MPOLECY MPU HAOJIMKEHOCTI MAaTpHIl
JKOPCTKOCTI CUCTEMH JI0 CTaHy BUPOJDKEHHSI, IKUH K pa3 1 XapaKTepu3ye MepeTBOPEHHS KOHCTPYKIIT
y MexaHi3M. ToMmy y SIKOCTI BUMiproBaua MPONOHYETHCSI BUKOPUCTOBYBATH 3MEHIICHHS KyTa HAXUITY
KPHBOI CTaHIB PIBHOBAru, sika XapakTepH3ye€ MOXIHBICTH OMOPY 1 MOXE BH3HAYATH HAOJIMIKESHHS
KOHCTPYKLII 0 CTaHy NOBHOI BiIMOBH, L0 BHHHMKAa€ NPH HyJIbOBOMY omopi. Ha 3aBepiicHHs
JIOTIOBI/II PO3IIISIAIOTECS JesiKi MPoOJIeMH HOPMYBAHHS 11100 BCTAHOBJICHHS TEPEBIPKH HeCydol
3/IaTHOCTI 1 3a0e3Me4eHHsI MOTPIOHOTO PiBHS OE3MeKH.

1. Criesfield M.A. Non-linear finite element analysis for solids and structures. Vol. 1 & 2 — New York: John Wiley &
Sons Ltd., 2000.
2. Fialko S.Yu. Application of finite element method to the analysis of strength and bearing capacity of thin-walled
concrete structures, taking into account the physical nonlinearity. — Moscow: ASV, SCAD Soft (in Russian).
3. Tlepenbmytep A.B. Jlesiki 0coGaMBOCTI HENMHIMHIX PO3PAXYHKIB y CHCTEMI poeKkTyBanHs criopyn // Omip
Marepiaiis i Teopist ciopya: Hayk.-Tex. 30ipH. — K.: KHYBA, 2024. — Bum. 113. — C. 183-194.
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The design of special-purpose or conventional structures operating under atypical conditions
requires an analysis of their behavior well beyond the limits of elastic deformation. This necessitates
the use of methods that implement the fundamental principles of fields such as the theory of elasticity
and the theory of plasticity. These methods allow engineers to move beyond standard building codes,
which contain many simplified or approximate recommendations. This report focuses on the
possibilities of such analysis implemented in SCAD Office and illustrates several unusual effects of
the plastic behavior of structures.

SCAD provides two approaches for describing the plastic deformation stage of a material, allowing
the user to choose [0]: the deformation theory of plasticity; the flow theory of plasticity with Drucker—
Prager or Geniev conditions for concrete and von Mises for reinforcement. In both cases, the
possibility of a three-dimensional stress-strain state is considered.

As experiments show, the deformation theory of plasticity is valid for simple loading, where all
external actions vary proportionally over time. In other words, this theory can be used when dealing
with static load combinations and when it can be assumed that the individual load components applied
to the structure increase simultaneously.

The flow theory is effective for complex loading processes where loads vary independently over
time. A typical example is seismic loading, which is simulated using an accelerogram that represents
a highly complex load history. The same applies to other dynamic loads (e.g., blast waves, element
failure tests, etc.). The analysis of steel structures is performed using a physically nonlinear mode for
standard finite elements. The analysis of reinforced concrete structures, which accounts for the
inelastic behavior of the material, is carried out using special finite elements: either bar or shell ones
[0].

A system undergoing plastic deformation is non-conservative, as a portion of the mechanical
energy is converted into heat and dissipated. Unlike in the case of conservative deformation, the
resulting state of the system depends on the sequence of applied loads. This is due to the presence of
residual deformations caused by plasticity.

Simple examples are provided to illustrate this and other effects that can only be observed when
solving problems using the flow theory of plasticity [0]. These effects are often quite unexpected for
most designers, whose engineering intuition has been shaped by solving linear analysis problems,
while physically nonlinear problems have typically been approached using simplified methods (e.g.,
nonlinear elasticity analysis instead of plasticity analysis).

In practical numerical analysis, it is often impossible to reach the ultimate load-bearing capacity
due to numerical instability as the stiffness matrix of the system approaches a degenerate state—
precisely the condition that characterizes the transformation of a structure into a mechanism.
Therefore, an alternative metric is proposed: the decrease in the slope of the curve of equilibrium
states, which characterizes the system’s ability to resist loads and can indicate how close the structure
is to a state of total failure, which occurs when resistance drops to zero. The presentation concludes
with a discussion of certain code-related issues concerning the verification of load-bearing capacity
and ensuring the required level of safety.

1. Criesfield M.A. Non-linear finite element analysis for solids and structures. Vol. 1 & 2 — New York: John Wiley &
Sons Ltd., 2000.
2. Fialko S.Yu. Application of finite element method to the analysis of strength and bearing capacity of thin-walled
concrete structures, taking into account the physical nonlinearity. — Moscow: ASV, SCAD Soft (in Russian).
3. Perelmuter A.V. Some Features of Nonlinear Analysis in Structural Design Systems // Strength of Materials and
Theory of Structures: Scientific and Technical Collection. — Kyiv: KNUCA, 2024. — Issue 113. — pp. 183-194.
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IIpu po3paxyHKax paMHUX CHCTEM, SIKi CKJIa[JAlOThCS 3 CJICMEHTIB, MOBEIHKA SKUX BIANOBIIaE
Teopii TOHKOCTIHHHX CTEPKHIB [ 1], He BAA€ThCs 3MOIEIIOBATH IIepe1ady OIMOMEHTIB y By3JIaX PaMH.
TIpu po3paxyHKy 3BHUATHUX CHCTEM MOKHA OPIEHTYBATHCS Ha PIBHSHHS PIBHOBAru CUi, sIKi JiFOTh
Ha BY30J 3 OOKYy €JIEMEHTIB, SIKi JI0 HbOTO NPHMHUKAIOTh. Ajie OIMOMEHT € 00'€KTOM CTaTHYHO
€KBIBAJICHTHUM HYIIIO, 1[0 HE JI03BOJISIE BAKOPUCTATH TAKHUHN MiAXi.

B xomruiekci SCAD++ 3amponoHoBaHO miaxin, sKUH 0a3yeTbcst Ha iel BHUKOPHCTAHHS
IPOCTOPOBOTO BY3JIOBOTO CYIEPEIEMEHTY, 3a JOIIOMOIOIO SIKOTO BPAaXOBYETHCS B3a€MOJis Mix
JIETUIaHAISIMUA TOPLIEBUX CTepXkHIB [2]. B mpuilHATIH pO3paxyHKOBIH MOjENi TpaAMIiiiHI IICTh
CTYIEHIB CBOOO/IM HANPSIMY MOB'sI3aHi 3 EPEMIILEHHSIMH Ta I0BOPOTAMHU "TOUKOBOr0" By3Ja, a uepes
CKIHUCHHO-EIEMEHTHY MOJICJIb CYIIEPEICMCHTY IIePEIal0ThCs NEIUIaHalil i B3aeMOMIIOTh OIMOMEHTH
TOPIIEBUX MEePepi3iB TOHKOCTIHHUX CTEPIKHIB, 10 TPUMHKAIOTh.

Martpuus >KOPCTKOCTI BY3JIOBOTO CYIEPEIEMEHTY BiTHOCHO JCIUIaHALii Mae CTPYKTypy, sika
CXEMATHYHO IPECTABICHA TAKHIM YHHOM

Bl d\l dlZ L dlm Dl
BZ dZI d:z L dZm DZ
Ll L L L L [lL
Bl ld, d, L 4 ||D

m ml m2 mm m

Enementn d,, ( Jok = 1,2,...,m) miel MaTpuIli pO3PaxOBYIOTHCS 3a 3arajbHOI MPOLEIYpPOIO
OJMHUYHUX BUMYILICHHUX NepeMilieHb. Po3risiaeTbes MOCTIIOBHICTh HABAHTAXKEHb, B KOXKHOMY 3
SIKHX OJHOMY 3 TOPLEBHX IEpEepi3iB 3aJacThCsi OAMHMYHA JeruiaHauis Di=1 1 BU3HAYAIOTHCA
peaxTuBHI OiMoMmeHTH. OCKIIBKH dYepe3 [CIUIAHAII0 IIepepisy MOB3JOBXKHI IICPEMINICHHS u
3MIHIOIOTBCS BiIMOBIIHO /10 3aKOHY CEKTOPiadbHUX IJIOIIKH, TO /sl 33IaHHS OJAMHIYHOT JeTTaHallii
HEOOXI/IHO 3a7aTH IEpeMIllleHHs # YUCEJHbHO PIBHUMM 3HAYCHHIO CEKTOPIaNbHOI TUIOLIMHU 13
3BOPOTHIM 3HAKOM.
BB Takoro BHIY BaKKO peasi3yBaTH 3a JOIMOMOIOI0 aOCONIOTHO JKOPCTKHX TiJ, SIKi
3a0€3I1euyIOTh PAMOIHIHHICT 32 BUHATKOM OKPEMHX YaCTHH IIONEPEYHOTO Hepepisy.
3aMiCTh MAaTpHUIl KOPCTKOCTI MOXKHAa MOOYAyBaTH 3BOPOTHY il MATPHIO MOAATIUBOCTI,
PO3paxyHOK SIKOi BUKOHYETHCS Ha JIIF0 OAMHUYHHUX OIMOMEHTIB. Takuii npuiioM j1a€ 3Mory o0iiTHCh
6e3 aOCOJIFOTHO JKOPCTKHX CIEMCHTIB.
[lpn migroToBIli MATPHIN JKOPCTKOCTI 3aJaHHsS HAaBaHTaKCHb OIMHUYHOK JCTUIAHALIE0
MIPUMHKAaHb BUKOHYETHCS B TIEBHIN MOCIHIIOBHOCTI, sSIKa BIAMOBIA€ CTPYKTYpi By3na. Takum 4nHOM
HESIBHO MPH3HAYAIACh BIAMOBIIHA HyMepallis IPUMHUKAHb, @ B MATPHIII JKOPCTKOCTI Wil Hymeparii
[TOBUHHI BI/IMOBIJaTH HOMEPH PSIKIB i CTOBIIILIB.
B nesikux BUMaJKax 3aMiCTh 3aJaHHS MaTpPUIl JKOPCTKOCTI BY3JIOBOTO CyIEpejIeMeHTa MOXKHa
BKa3aTH HA OJIMH 13 i/leali30BaHUX BapiaHTIB pOOOTH BY3JIOBOTO 3'€THAHHS:
e a0COJIOTHO JKOPCTKUI BY30J (IeIUIaHAIlis TOPLIB BCIiX €JIEMEHTIB, IO CXOASATHCS B LIBOMY
BY3II1, IOPIBHIOE HYITIO);

e  a0COJFOTHO NOAATINBHIA By30JI (0IMOMEHTH Ha TOPLSX BCIX €IIEMEHTIB, SIKI CXOSITHCS B IILOMY
BY3JIi, IOPIBHIOIOTH HYJIIO);

e BY30I, KU pOOUTH PIBHUMHU JICTIIAHALIIT TOPIIB BCiX €IEMEHTIB, SIKi IPUMHKAIOTh /10 HHOTO.

1. Bmacos B.3. Tonkocrennslie ynpyrue crepxau — M.: Gusmarrus, 1959 — 568 c.

2. Ilepensmytep A.B., IOpuernko B.B. Bubpani npo6iaemMu po3paxyHKy Ta ONTHMAIEHOTO IPOEKTYBAHHS CTAJIEBHX
KOHCTpYKIiH 13 xonoaHornyrux npodinis — K.: Kapasena, 2022 — 206 c.
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When the behavior of frame elements corresponds to the theory of thin-walled bars [1], it is not
possible to simulate the transfer of bimoments at the frame nodes. In the analysis of conventional
systems, the equilibrium equations of forces acting on a node from the adjacent elements can be used.
However, since the bimoment is statically equivalent to zero, this approach cannot be applied.

SCAD++ proposes an approach based on the use of a 3D nodal superelement, which takes into
account the interaction between the warping of end bars [2]. In the adopted design model, the
traditional six degrees of freedom are directly related to the displacements and rotations of a “point”
node, while the finite element model of the superelement simulates the transfer of warping
displacements and the interaction of bimoments of the end sections of adjacent thin-walled bars.

The stiffness matrix of the nodal superelement with respect to warping has a structure
schematically represented as follows:

Bl dH dl2 L dlm Dl
BZ dEl d"z L dZm DZ
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m m
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The elements d, (j,k =1,2,...,m) of this matrix are calculated according to the general procedure

of unit forced displacements. A sequence of load cases is considered, where in each case a unit
warping displacement Di=1 is applied to one of the end sections, and the corresponding reactive
bimoments are determined. Since longitudinal displacements u vary according to the law of sectorial
areas under the warping effect, a unit warping displacement can be applied by assigning
displacements u numerically equal to the sectorial area values with the opposite sign.

Such effects are difficult to simulate using rigid bodies, which ensure rectilinearity except for
certain parts of the cross-section.

Instead of the stiffness matrix, it is possible to construct its inverse — a compliance matrix —by
calculating the response to unit bimoment actions, thus eliminating the need for rigid elements.

When constructing the stiffness matrix, the unit warping displacements are applied at the adjoining
elements in a sequence corresponding to the structure of the joint. Thus, an implicit numbering of the
adjoining elements is established, and the row and column numbers in the stiffness matrix must
correspond to this numbering.

In some cases, instead of specifying the stiffness matrix of a nodal superelement, it is possible to
specify one of the idealized variants of the node behavior:

e arigid node (the warping displacements at the ends of all elements converging at the node are

Zero);
e a flexible node (the bimoments at the ends of all elements converging at the node are zero);
¢ anode that enforces equal warping displacements at the ends of all adjoining elements.

1. V.Z. Vlasov, Thin-Walled Elastic Rods — Moscow: Fizmatgiz , 1959. — 568 p.

2. A.V. Perelmuter, V.V. Yurchenko, Selected Problems of Analysis and Optimal Design of Steel Structures from
Cold-Formed Sections — Kyiv: Karavela, 2022 — 206 p.
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IIpyn npoextyBanHi OyiBeIbHUX KOHCTPYKLIH OJHIEIO 13 CKIIQJOBUX NMPOEKTHUX PO3PAXyHKIB €
PO3paxyHOK 3a BOTHECTIHKiCTIO [1].

Mesxa BOTHECTIHKOCTI Oy/IiBeNBHHX KOHCTPYKLIH — Ba)kJIMBa XapaKTCPHCTHKA, IKy HEOOXiTHO
BpaxoBYBaTH MiJ 4ac OyAiBHHITBA OyIb-sKHX OymiBens Ta cropya. L{uM TepMiHOM Mo3HA4YaOTh
3/IaTHICTH KOJIOH, OAJIOK Ta HIIHUX HECYYHX KOHCTPYKIIIl BATPUMYBATH BILTHB BUCOKHX TEMIIEPATYP,
30epiraroyd Hecydy Ta OrOpOKYBaJbHY 3AaTHOCTI. UMM BHIIMH ILI€fl NMOKA3HMK, TUM JIOBIIE
€JIEMEHTH IIiJ1 Yac MoKexKi He OyayTh AehopMyBaTUCh.

ITig BorHecTiiKiCTIO MAaEThCs HA YBa3i 3/aTHICTb Oy/IiBIIl Ta KOHCTPYKLIi BUKOHYBATH CBOT HeCyui
Ta Oropo/UKYBaJIbHI (YHKIII HPH IMOXEXI MPOTATOM IEBHOTO Yacy, INCHs 3aKiHYCHHS SKOTo
(yHKLIOHATIBHI BIACTHBOCTI KOHCTPYKIIH BTPAa4arlOThCsl 1 BigOYBA€ThCS OOBAJICHHS €JIEMEHTIB
(TIOKPUTTIB, CTiH, HEPEKPHUTTIB) a00 pyiHYBaHHs OY/IiBIIi B IIIOMY.

Bubip mMeroqy BOrHE3axHCTY 3aJIe)KUTh BiJ psiay (akTopiB, BKIHOUArOUM HEOOXiTHHH piBEHb
BOIHECTIMKOCTI MeTayieBOi KOHCTPYKLii, ii THII Ta NpOCTOpPOBE pO3TallyBaHHS (KOJIOHM, CTIHKH,
pureni, Gaiku, 3B’SI3KH), XapakTep MIIOYOro HaBaHTaXKEHHs (CTaTMYHE 4K JHHAMIYHE), YMOBH
eKcIUTyaTaii (TeMIIepaTypHO-BOJIOTICHUH PEXUM), CTYIIHb arpeCUBHOCTI JTOBKLLIA, JONATKOBE
HABaHTAXKCHH BiJ IIapy BOTHE3aXHCTY, a TAKOX €CTETHYHI BUMOTH Touo [2—4].3amizo0eToHHi i
MeTajeBi KOHCTPYKIIii BeIyTh ceOe Mo pi3HOMY ITijl 4ac MOXEeXi BHACTIOK PI3HUX BIACTHBOCTEH 1
MOBE/IIHKM MaTepiaiiB MpU il BUCOKUX TemrepaTyp. Y 3aili300eTOHHHX KOHCTPYKI[SIX apMarypa
MOYaTKOBO 3aXHIICHA IapOM OETOHY, B TOH Yac sk MeTaJeBi KOHCTPYKILIi 6e3 JOIaTKOBUX 3aXO0/IiB
BiIpa3y MiJIal0ThCs BIUIUBY MOIYM’sl.

BinHocHa BOJNOTICTh HOBITPS IPU TBEPAHEHHI OCTOHY BIUIMBA€ HA PE3yNIbTaTH PO3PAXYHKY
HITICHOCTI KOHCTPYKIiil IPH MOXKEKi, TOMY Ma€ BPAXOBYBATHCS Ta MIPHHMATHCS IKOMOT'a MCHIIIOKO.

TerutoBoJoricHa 00poOka OETOHY CIPUYMHSIE TOAATKOBI BIUIMBY HA KOHCTPYKIIT y pa3i MOXexi,
TOMY € JOIIJIBHAM BpaxyBaHHs IIbOTO MPOLECY TPH PO3PAXYHKY 3a1i3006TOHHMX KOHCTPYKIIH Ha
KpUXKe pyHHYBaHHS.

byniBenbHi MeTaneBi KOHCTPYKIi, 110 HE PO3MOBCIO/KYIOTh BOIOHb, MalOTh HEOPraHiuHy
CTPYKTYpY 1 € Heroprounmu. B yMoBax mosxexi MeTaneBi KOHCTPYKIiT B OCHOBHOMY BTPa4yaloTh CBOIO
Hecydy 3natHicth depe3 15 xBunun (0,25 rogunHn), TOMy B THX BHIKax, KOJIW HEOOXiJHA MexXa
BOTHECTIKOCTI EPEBHIILYE 1€ 3HAUCHHSI, METAJICBI KOJIOHH, (pepMu 1 OAJIKH MifIar0Th BOTHE3aXHCTY.

3a pomomoror mporpam, siki BxoasTe a0 ckiaay SCAD Office MoxkHa BHU3HAUUTH MEXKY
BOTHECTIMKOCTI JUIs 3a/1i300€TOHHUX KOHCTPYKIIIH Ta BIACHY MEXY BOIHECTIHKOCTI JJIsl METaJICBHX
KOHCTPYKIIIH, a TakoX 0arato IHMIMX CYMyTHIX (DaKkTOpiB, SIKI BIUIMBAIOTh Ha PO3PAaXyHOK 3a
BOTHECTIHKICTIO.

1. IBH B.1.2-7:2016. TToxesxna Gesneka 06’ekriB Oyaisaunra / MinperionOyn Ykpainu, Kuis,2017. — unnHi Bix
01.06.2017.

2. Onexciok O., Tpersik 1., Ckopyk T., Ckopyk JI.. JlociipKeH s BIUIMBY F€OMETPHYHHUX PO3MIPIB riepepizy ta
rapamMeTpiB apMyBaHHs Ha MEXY BOTHECTIHKOCTI 1UIs 3aii300eTonHoi kosonu / «Build Master Class 2022». Te3n
nonosizeit. — K.: 2022, c. 167-168.

3. MenbHiueHko A., Ckopyk JI., JIoCIipKeHH s BIUIUBY BiTHOCHOT BOJIOTOCTI IOBITPsI IIPU TBEPAHEHHI OETOHY Ha
uiricHicTh 3ani306eToHHOT Kostonu 11pu noskexi / «Build Master Class 2023». Tesu ponosineit. — K.: 2023, ¢. 167-
168.

4. Kynim 5., Cxopyxk, JI. JlocnikeHHs BIUTUBY THITY TI0KEX1 i CTOPOHH Jii momyM’st Ha 3a71i300€TOHHY KOJIOHY /

«Build Master Class 2023». Te3u monosineit. — K.: 2023, ¢. 173-174.
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Fire resistance calculation of reinforced concrete and steel structures in
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Leonid Skoruk, Ph.D, Associate Professor of the Department of Reinforced Concrete and
Masonry Structures, https://orcid.org/0000-0002-7362-1348

Kyiv National University of Construction and Architecture (Kyiv),
SCAD Sofi Ltd (Kyiv)

When designing building structures, one of the components of the design calculations is the fire
resistance calculation [1].

The fire resistance limit of building structures is a crucial characteristic that must be considered
during the construction of any buildings and structures. This term denotes the ability of columns,
beams, and other load-bearing structures to withstand the effects of high temperatures while
maintaining their load-bearing and enclosing capacities. The higher this indicator, the longer the
elements will resist deformation during a fire.

Fire resistance refers to the ability of a building and its structures to perform their load-bearing
and enclosing functions during a fire for a certain period, after which the functional properties of the
structures are lost, and the collapse of elements (coatings, walls, floors) or the destruction of the
building as a whole occurs.

The scope of application of various fire protection methods is determined taking into account the
required fire resistance limit of the steel structure, its type and orientation in space (columns, struts,
girders, beams, bracings), the type of load acting on the structure (static, dynamic), the temperature
and humidity conditions of operation and work, the aggressiveness of the environment, the increase
in load on the structure due to fire protection, aesthetic requirements, etc. [2-4].

Reinforced concrete and steel structures behave differently during a fire due to the different
properties and behavior of the materials under high temperatures. In reinforced concrete structures,
the reinforcement is initially protected by a layer of concrete, while steel structures without additional
measures are immediately exposed to the flames.

The relative humidity of the air during concrete hardening affects the results of the structural
integrity calculation in case of fire and should therefore be taken into account and kept as low as
possible.

Heat and moisture treatment of concrete causes additional effects on structures in the event of a
fire, so it is advisable to consider this process when calculating reinforced concrete structures for
brittle fracture.

Non-fire-spreading building steel structures have an inorganic structure and are non-combustible.
In fire conditions, steel structures mainly lose their bearing capacity after 15 minutes (0.25 hours), so
in cases where the required fire resistance limit exceeds this value, steel columns, trusses, and beams
are subjected to fire protection.

With the help of programs included in SCAD Office, it is possible to determine the fire resistance
limit for reinforced concrete structures and the intrinsic fire resistance limit for steel structures, as
well as many other related factors that affect the fire resistance calculation.

1. DBN V.1.2-7:2016. Fire safety of construction sites / Ministry of Regional Development of Ukraine, Kyiv, 2017.
—valid from 01.06.2017.

2. Oleksiuk O., Tretyak I., Skoruk T., Skoruk L.. Study of the influence of geometric cross-sectional dimensions and
reinforcement parameters on the fire resistance limit for a reinforced concrete column / “Build Master Class 2022”.
Abstracts of reports. — K.: 2022, p. 167-168.

3. Melnichenko A., Skoruk, L. Study of the influence of relative air humidity during concrete hardening on the
integrity of a reinforced concrete column in case of fire / “Build Master Class 2023”. Abstracts of reports. — K.:
2023, p. 167-168.

4. Kulish Ya., Skoruk, L. Research on the influence of fire type and flame direction on a reinforced concrete column
/ “Build Master Class 2023”. Abstracts of reports. — K.: 2023, pp. 173-174.
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AHaJni3 pe3yJbTATIB HATYPHHUX BUNPOOYBaHb 3271i3006 TOHHUX MOHOJIITHUX IUIMT
MEePEeKPUTTIB Ta YHCETHHOT0 MO/IEJTIOBAHHS

JImumpo Axywes, kano. mexu. nayk., c.H.c. HIY, https://orcid.org/ 0009-0004-3736-1931

Oodecvra Oepaicasra akademis 6yoisHuymea ma apximekmypu (m.Ooeca)

Ilpu pospaxyHKax KOHCTPYKLil MPOEKTYBaIbHUK MPUHMAE PsiJ| MPHUITYIIEHb, BIAMOBITHO 10 SKUX
(OpPMYITIOETECSI TEOPETUYHA PO3PAXYHKOBA MOJIEIb, IO BKJIIOYAE PsiJi NMPUITYHICHb (iearni3ariii).
VYMOBHO, 1ii NPUIYLIEHHSI MOXKYTh OyTH BiJIHECEHi /0 TAKHX KaTeropiil: reOMeTpUYHa ieanizaris
CXeMH, iJearizalis MoJesl HaBaHTa)XEeHb Ta BIUIMBIB, (pi3MyHa ifeari3allis NOBEIIHKH MaTepiaiy.
OjHI€I0 3 aKTyaJIbHUX HAINpsMIB Cy4aCHUX JIOCIIJK€Hb BUCYBA€ThCS MpobiemMa o0IiKy HemiHiiHOi
MOBEIIHKA CHCTEM MpH YHCEIbHOMY MOJENIOBaHHI OyniBenbHUX KOHCTpyKuiit. [lpu upomy
HNPUIHATO 3aBJAHHA HETIHIHHOrO aHami3y IpPH PO3PaXyHKOBOMY OOIPDYHTYBaHHI OyIiBEIBHUX
KOHCTPYKIif, YMOBHO JiJIUTH Ha FEOMETPUYHO 1 (Hi3uuHO HeniHiliHI. OJHUM 13 cepHO3HUX 0OMENEHb
[IPY MIPOCKTYBAaHHI € HE3aCTOCOBHICTh MPUHIMITY CYNEPIHO3HUIIii, BIICYTHICTh HOPMATUBHOI 0a3u,
HEOJHO3HAYHICTh OJCPXKYBaHHX PillleHb (BIUIUB icTOpil HABAHTa)KCHHS HAa OTPUMYBAHHMII IIPYXKHO-
neopMOBaHHI CTaH TOILIO).

Ilpu npoBeneHHi HATypHHUX BHIIPOOYBaHb, SIK MPABHJIO, BIAHOCHO TOYHO BiJIOMa iCTOPIs
3aBaHTaKCHHS (TOPSIOK 1 BEJMYMHM HABAaHTAKCHb, IO IPUKIATAIOTHCS, 1X HPHB'I3Ka TOLIO),
XapaKTePUCTHKH MaTepialliB eIEMEHTiB 1 BIIIyK CHCTEMH: NPOTUMHH, IepeMillleHHd, abo iHmn
(ikcoBani mapamerpu. lle ma€ MOMXIMBICTH 3ICTaBJICHHS pPE3YJbTATIB, OJEPKYBaHUX IMPHU
YHUCEIbHOMY MOJIeIoBaHHI. [l1s OLIHKM BIUIMBY (pi3UYHOI HENIHIMHOCTI HAa BEJIMYHHY NEPEMIILCHb,
KOHTPOJIbOBAHUX IIiJI Yac IIPOBEJCHHS BUIPOOYBaHb, Oyno BHKOHaHO po3paxyHku y IIK "SCAD"
(Bepcii 23.1.1.1). [lnsa ommcy po6oT OETOHY BHKOPHCTOBYBAJacs TEOPIisl INIACTUYHOTO Iepediry
Jpykepa-IIparepa. 3Ha4eHHS MOMYNSA HPYKHOCTI, MEX MIIHOCTI 3amaBaluCcs 3a pe3ylIbTaTaMU
HEpyHHIBHOTO KOHTPOJIO METOAAMH IIPYXKHOTO BiJICKOKY Ta IOBEPXHEBOTO IIPO3BYdyBaHHA. [l
oInucy apMaTypu 3acTocoByBaylacs OunmiHiiiHa apiarpama. IlapameTpu 3amaBaiucst BiIIIOBITHO 110
HPHUIHATOrO0 IPOEKTHOTO KIACYy apMaTypH.

1. IlpaBuia nmpoBeIeHHST BUIIPOOYBaHb 3a/1i300€TOHHUX KOHCTPYKIi Ta IX OI[IHKA, BUKJIAACHI
y JACTY b B.2.6-7-95 (I'OCT 8829-94) ta /IBH B.2.3-6-2009, BuMaratoTb KOpUTyBaHHS
10/10 MOHOJIITHUX KOHCTPYKIIiif, 30KpeMa MEePEeKPHUTTIB Oe3pUTeIbHIX KapKaciB.

2. Jlast oTpUMaHHS 3aJMIIKOBUX JeOopMarliii CIIijJi MPOJOBXYBAaTH CIOCTEPEKEHHS MIiCIs
PO3BaHTa)KEHHS IEPEKPUTTS 10 cTabimizawii fforo migiomy.

3. BunpoOyBaHHS MIEPEKPUTTIB HA TPOTHH CIIiJ] MPOBOJAUTH HE paHille, HK 2-3 THXKHI TicIs
JIEMOHTAXY OIIATYOKH.

4. Ha Benn4nHM NPOTHHIB CYTTEBO BILTHBAE KJIac OETOHY, SIKICTh HOT0 yKiIajaHHs ( HAsBHICTh
1 PO3KPUTTSI TPILLMH YCAIKH, PETENIBHICTh BIOPYBaHHS, TOTPUMAHHS BEIUYMHHU 3aXHCHOTO
mapy i T.IL.).

5. Tloka3Huk poOOTH KOHCTPYKIi MpH CTaTHYHOMY BUTpoOyBanHI K, 110 € craBieHHsIM
BHMIPSIHOTO IIPOTHHY JI0 PO3paxyHKOBOT0, HOpMyeThes B [4] sik K=0,7+1 s Bcix BUIaKiB
BUNPOOYBaHb NEPEKPUTTIB BUABIISETHCS OLIBIIMM HDK OJMHULISA.

—

. Hepenbmyrep A.B., Typ B.B. TOTOBBI JI1 MBI NepeiiTH K HEITMHEHHOMY aHAIM3y NPH IMPOSKTUPOBaHUU? //
International Journal for Computational Civil and Structural Engineering (MexayHapoHblil )KypHaII 110 pacyery
IPaXKJIaHCKMX M CTPOMTEIBHBIX KOHCTpYKIHii). — 2017, Ne 13 (3). C. 86-102.

2. ®uanko C.IO. [IpumeHeHHe MeTOJa KOHEYHBIX IEMEHTOB K aHAJIM3y MPOYHOCTH U HECylled crnocoOHOCTH
TOHKOCTCHHBIX JKeJIe300eTOHHBIX KOHCTPYKIHM ¢ ydeTtoM (usmdeckoil Henuueinoctn. — M.: CKAJl CODT,
ACB, 2018. — 192 ctp.

3. Koncrpykuii OyauHKIB i criopyn. Bupobu OyaiBenbHi GeToHHI Ta 3ami3obeToHHi 30ipHi. MeTonu BUpoOyBaHb
HaBaHTaKeHHsM. [IpaBuiia OuUiHKM MilHOCTI, sk0pcTkocTi Ta Tpimmuoctiiikocri. ICTY B B.2.6-7-95 ('OCT
8829-94). — [umnuuii Bin 1996-01-04]. — K.: JIepxxkommicToByayBaunst Ykpainu, 1996 — 45 c. (HeprxaBHuii
Crangapr Ykpainu).

4. Moctu i py6u. O6¢creskents i Bunpooysanus. JJbH B.2.3-6:2009. — [ununuii Bix 2010-03-01]. — K.: Minperion6yx

VYxpaiun, 2009 — 63 c. (depxasui bynisensui Hopmu).
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Analysis of results from field tests of reinforced concrete monolithic slabs and
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Dmytro Yakushev, Cand. Sc. (Eng.), Senior Research Fellow, Research Department,
https.//orcid.org/ 0009-0004-3736-1931

Odesa State Academy of Civil Engineering and Architecture (Odesa)

During structural design calculations, the designer makes a series of assumptions, according to
which a theoretical pacuernas model is formulated, including a number of assumptions
(idealizations). Conventionally, these assumptions can be categorized as follows: geometric
idealization of the scheme, idealization of the load and impact model, and physical idealization of the
material behavior. One of the current areas of modern research highlights the problem of accounting
for the nonlinear behavior of systems in the numerical modeling of building structures. In this regard,
the task of nonlinear analysis in the pacuerHoe justification of building structures is conventionally
divided into geometrically and physically nonlinear. One of the serious limitations in design is the
inapplicability of the superposition principle, the lack of a regulatory framework, and the ambiguity
of the obtained solutions (the influence of the load history on the resulting elastic-deformed state,
etc.).

During field tests, as a rule, the load history (the order and magnitude of the applied loads, their
reference points, etc.), the characteristics of the element materials, and the system response
(deflections, displacements, or other fixed parameters) are known with relative accuracy. This allows
for the comparison of results obtained from numerical modeling. To assess the influence of physical
nonlinearity on the magnitude of displacements monitored during testing, calculations were
performed using the "SCAD" software package (version 23.1.1.1). The Drucker-Prager plasticity
theory was used to describe the behavior of concrete. The values of the modulus of elasticity and
strength limits were determined based on the results of non-destructive testing using elastic rebound
and surface sounding methods. A bilinear diagram was used to describe the reinforcement. The
parameters were set in accordance with the adopted design class of reinforcement.

1. The rules for testing reinforced concrete structures and their evaluation, set out in DSTU B
V.2.6-7-95 (GOST 8829-94) and DBN V.2.3-6-2009, require adjustment regarding
monolithic structures, in particular, flat slab frames.

2. To obtain residual deformations, observations should be continued after unloading the slab
until its upward movement stabilizes.

3. Slab deflection tests should be carried out no earlier than 2-3 weeks after the formwork is
removed.

4. The magnitude of deflections is significantly influenced by the concrete grade and the quality
of its placement (the presence and opening of shrinkage cracks, the thoroughness of
vibration, adherence to the thickness of the protective layer, etc.).

5. The indicator of the structure's performance under static testing, K, which is the ratio of the
measured deflection to the calculated deflection, is standardized in [4] as K= 0.7 = 1 for all
cases of slab testing, it turns out to be greater than unity.

1. Perelmuter A.V., Tur V.V. Are we ready to move to nonlinear analysis in design? // International Journal for
Computational Civil and Structural Engineering. — 2017, Ne 13 (3). P. 86-102.

2. Fialko S.Yu. Application of the finite element method to the analysis of the strength and bearing capacity of thin-
walled reinforced concrete structures taking into account physical nonlinearity. 1 — M.: SCAD SOFT, ASV, 2018.
- 192 p.

3. Structures of buildings and coopysxenmuii. Concrete and reinforced concrete precast building products. Load testing
methods. Rules for assessing strength, stiffness and crack resistance. DSTU B V.2.6-7-95 (GOST 8829-94). —
[effective from 1996-01-04]. — K.: Derzhkommistobuduvannya Ukraini, 1996 — 45 p. (State Standard of Ukraine).

4. Bridges and pipes. Inspection and testing. DBN V.2.3-6:2009. — [effective from 2010-03-01]. — K.: Minregionbud
Ukraini, 2009 — 63 p. (State Building Codes).
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IIK JITPA 10. Po3paxyHKoOBi MOKJIMBOCTI

Icaax €g3epos, doxm. mexn. Hayx, c.u.c, oupexmop, https://orcid.org/0000-0003-3414-9930

I'pyna komnaniit JIIPA (m. Kuis)

IMporpamunii komruiexe JIIPA 10 npuzHaueHuii 1ist po3paxyHKy MiLHOCTI Ta CTIHKOCTI BCIX BUIB
OyIiBeJIbHUX KOHCTPYKILIIl — NUBIIPHUX Ta IPOMHCIIOBHX OYIiBeNIb Ta CHOPYJ, 00'€KTIB saepHOL
CHEPIeTHKU, MOCTIB, IiJPOTEXHIYHMX CHOPYH TOIIO, HA BCI BHAM CTATHYHHMX Ta JHHAMIYHUX
HABaHTA)XCHb.

[IporpamMHuii KOMIUIEKC 3aCHOBaHHMI Ha METO/I CKiHUeHHHX eneMeHTiB [1]. I'padiuna cucrema
JI03BOJISIE €()EKTUBHO Ta SIKICHO T€HEpyBaTH MOJICNIb Ta Bi3yali3yBaTH OTPUMaHi pO3paxyHKOBUM
npouecopoM  pesynbratd. CHCTEMHM KOHCTPYIOBaHHS — peali3yloTh IepeBipky Ta  mindip
3aJ1i300€TOHHUX, CTAJICBUX Ta IEPEB’SIHHUX IIEpPepi3iB.

IIK JIIPA 10 no3Boise po3paxoBYBaTU: IUIOCKI Ta IPOCTOPOBI (epMH Ta paMy; IUIACTUHHU;
MaCHBHI Tija; KOMOIHOBaHI CHCTEMH.

BuK1aleHO OCHOBHI MOXIMBOCTI PO3PaxXyHKOBOT'O IIPOIECOpa, 30KpeMa:

- BU3HAUCHHA IapaMeTpiB  HANpPYKEHO-1e()OPMOBAHOIO CTaHy IIPU CTaTUYHOMY,
TeMIIEpaTypHOMY Ta JMHAMIYHOMY HaBaHTa)KCHHI;

- BU3HAYCHHS 4acTOT Ta ()OPM BIACHUX KOJIUBAHE;

- TCOMETPUYHO HEJHIITHUI po3paxyHOK MeMOpaH, CTEpXKHIB Ta IUIACTUH;

- CTIHKICTh KOHCTPYKIIiH;

- 337124l 13 OZIHOCTOPOHHIMH B'sI3siMH (KOHCTPYKTHBHA HEIIHIHHICTD);

- [oeTarHa 3MiHa pO3paxyHKOBOI CXEMH Yy Tpolieci Oy1iBHUIITBA (MOHTaX);

- TEIJIONPOBI/IHICTB;

- binpTpanis;

- eTIEMEHTH IPYHTY.

Hogi moxxausocti TTK JIIPA 10:

Crome By3sioBe HeBigome. bazuchi GyHKiT — 3aJOBOJIBHAIOTH OAHOPIHOMY PIBHSIHHIO PIBHOBAru.
3MiHHIH nepepis.
IpoMixkHi By31IH y IUTACTHHAX Ta 00’ €MHUX €JICMCHTAX.
Enemenru intepdeiicy s IpyHTIB.
EnemenTy rpanuiy, 1o He BiOUBAE [T ANHAMIKY, HECKIHUEHOT 001aCTi AJISl CTATHUKH.
Junamika it pi3UUHOT HEMiHIHHOCTI.
Po3paxyHOK miciisi BTpaTH CTIHKOCTI.
bararomaposi INIaCTUHU.
BpaxyBaHuHs pyiiHyBaHHS OCTOHY Ha PO3TAT Ta PO3PUBY apMaTypH.
KopekTHe migcyMoByBaHHS JUIs KpaTHHX (HOPM.
Hey3sromxkeHi ciTku.
I'eomeTpuyHi XapaKTepPUCTHKHU TIepepi3y, Ha KPyYEHHsI Ta 3CYB.
B’sa3ke nemndysaHHs.
Enementy piguHu.
Po3paxyHok Ha J1it0 BUOYXOBOT XBHUIII.

1. Ciarlet P. (1978) The finite element method for elliptic problems. North-Holland, Amsterdam.
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PC LIRA10. Calculation capabilities

Isaak Ievzerov, doct. tech. sci, hitps://orcid.org/0000-0003-3414-9930
LIRA group of companies JIIPA (Kyiv)

The LIRA 10 software package is designed to calculate the strength and stability of

all types of building structures - civil and industrial buildings and structures, nuclear power
facilities, bridges, hydraulic structures, etc., for all types of static and dynamic loads.

The software package is based on finite element method [1]. The graphics system allows you to
efficiently and qualitatively generate a model and visualize the results obtained by the
computational processor. Design systems implement the verification and selection of reinforced
concrete, steel, steel-reinforced concrete and wooden cross-sections.

The main capabilities of the computational processor are outlined, in particular:
Determination of parameters of the stress-strain state under static, temperature and Dynamic
loading;

Determination of frequencies and forms of natural oscillations;

Geometrically nonlinear calculation of membranes, rods and plates;

Stability of structures;

One-side problems (structural nonlinearity);

Gradual change of the design scheme during the construction process (installation);
Thermal conductivity;

Filtration;

Soil elements.

The new capabilities:

Seventh nodal unknown. Basis functions — satisfy the homogeneous equation of equilibrium.
Variable cross-section.

Intermediate nodes in plates and volume elements.

Interface elements for soils.

Non-reflecting boundary elements for dynamics, infinite domain for statics.
Dynamics for physical nonlinearity.

Calculation after loss of stability.

Multilayer plates.

Taking into account the tensile failure of concrete and the rupture of reinforcement.
Correct summation for multiple forms.

Inconsistent meshes.

Geometric characteristics of the section, torsion and shear.

Viscous damping.

Fluid elements.

Calculation of the effect of a blast wave.

1.Ciarlet P. (1978) The finite element method for elliptic problems. North-Holland, Amsterdam.
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Bnaoucnae Kupuuok, inocenep, https://orcid.org/0000-0002-4359-7148
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VY nuhpoBy enoxy edexTHBHE IPOEKTYBaHHS KOHCTPYKIIH MOTpedye MOTYKHHUX aJaNTUBHUX Ta
nporpamuux iHcTpymeHtiB. [lporpamunit xommekc JIIPA 10 — wne cywsacHe CAE-pimenss,
CTBOPEHE Uil 1HXXCHEPIB-TIPOEKTYBAJIBbHUKIB, SIKE MOEAHYE PO3PAXYHKH METOJOM CKIHYCHHHX
CJIEMCHTIB Ta KOHCTPYIOIOUl PO3PaxyHKH [UIs CTalCBHUX, 3ali300€TOHHHX Ta JepeB’sSHHUX
KOHCTPYKIIIH y BiIOBIIHOCTI 3 HOpMamu Ykpainu, €spocorosy, CHIA Ta iH..

[HCTpyMeHTapili OXOIUTIOE aHaji3 TEeOMETPHYHOI Ta (i3MYHOT HEMIHIHHOCTI, BpaxyBaHHS
TPIIIMHOYTBOPEHHS, TIOB3Y4OCTi, HENHIHHOI B3a€MOJIi «OCHOBA-KOHCTPYKLIS», a TAKOXK MOBHHUM
CIICKTp AMHAMIYHOIO aHaji3y, BKIIOYHO 3 IMITYIbCHUMH HAaBAaHTAXXCHHAMH SIK CIICKTPaJIbHHUM
CII0COOO0M, TaK 1 IPAMUM IHTCTPYBAaHHSIM 3a HESBHOIO PI3HHIICBOIO cXeMOIo. Takox crenudivsi
PO3paxyHKH MOXKYTh IPOBOAMTHCS 13 BpaxyBaHHSIM 3a/la4 HENiHIIHOT TEIUIONPOBIAHOCTI Ta
(dinprparii.

Kuouosi mepeBaru:

eMonynbHicTb Ta BinkputicTs. [TK JIIPA nerko interpyersest y uudpoBuii npoekTHUi
npouec, Mae MiATPUMKY imropry/excriopry y nomupeni CAD/BIM-dopmaru, 30kpema
AutoCAD, Revit, Tekla, SAP2000, Abaqus Ta iH..

eCaune rpadiuHe cepeoBHILe. [HKCHEP B €ANHOMY PEKHMI CTBOPIOE FEOMETPHYHY
MOJIelb, IPOBOJHTH TPIaHTYISLII0, 33/1a€ HABAHTAKCHHS, aHAJI3ye OTPUMaHI Pe3yJIbTaTH.
Hemae norpebu B npomi>kHHX hopmaTax Ta mporpamax-careiitax.

e 1IBuKOIis Ta HAMIMHICTB. 3aCTOCYBaHHS OaraTosAepHUX O0UMCICHb, ONITUMI30BaHI
AJITOPUTMHU PO3PAXYHKY.

eluryituBHMII iHTepdeiic. Iloryxue rpadiune cepenosume 3 3D-Bisyamizamiero,
KOHTEKCTHOIO JOBIZIKOIO Ta HAJIAIITOBYBAaHUMH IIA0JIOHAMH BHBOJY.

o V3ro/ukeHHs CITOK 3 By3laMH, 10 He cHiBnazaioTb. KopucryBau Mae 3Mory
Y3TOJDKYBATH HECIIBIIAJAIOUi BY3JIU i3 CYCITHIMH elIeMEHTaMH, 30epiraroud JOCTaTHIO
TOYHICTh PO3paxyHKiB. Lle Moke OyTH KOPHCHO NpU CKJIAZHOIIAX i3 ONTHMAIHHOIO
TpiaHTyJISILIEI0 OKpeMuX obacteit Mojieni. OCKIIbKU y3rOKEHHS MOXYTb 331aBaTUCS 10
KOXKHOMY OKPEMOMY HampsiMKy, TO L€ Ja€ 3MOTY iH)KEHEpy OLIbII THYYKO MOJCTIOBATH
peasicTU4Hy MOBEJIIHKY KOHCTPYKIL.

e [IIBuaKicTh Ta TOUHICTH AMHAMiuHKUX po3paxyHKiB. [IK JIIPA BukopuctoBye HEesBHY
PI3HHULEBY cXeMy, sKa, € 0e3yMOBHO CTiiikol0, TOMy KOpPHCTyBauy HE IOBOJMTHCS
BUTpayaTu pecypc Ha BUOIp TAKOro KPOKY IHTErpyBaHHs, 1100 HE OTpUMAaTH Hedi3u4Hi
ocuwslii 4M BucokouyactotHud wmym, sk B HHT-a meroxi. Ilpu npomy, MIBHIKICTH
nuHamiyHoro pospaxyHky B IIK JIIPA B nexinbka pa3iB BUIlA, HIK aHAJIOTIYHUIMA
PO3paxyHOK B MPAKTUYHO BCiX aHAJIOTIB CKIHYEHHO-EJIEMEHTHOTO MOJIC/TFOBAHHSI.

©3BOPOTHS CyMiCHITb. IIpO€KTH, CTBOPEHI B HOBHX BEPCifX, MOXKYTh BIIKPHBATHCS B
O1ITBII CTApUX BEPCisiX 13 MIHIMAIBHO MOXKIIMBOIO BTPATOO iH(pOpMAILii.

ePo3paxyHkn BianmoBigHO 10 akryanbHux HopMm ([BH, €Bpokoxm Tta iH.), 1m0
3a0e3reuye BiANOBIIHICTS BUMOraM JepKaBHOI CKCIEPTH3H.

JIIPA 10 — e iHCTpYMEHT AJIs iHKeHepa HOBOI'O IOKOJIIHHS, 1110 J03BOJISE HE JINIIe e(heKTUBHO
BHKOHYBATH PO3PAaXyHKH, a U IHTETPYBATHCS y HMOBHHUU JXKUTTEBHU LHKI 00'€KTa: BiA ecKi3y X0
eKCIUTyaTallii.

1. Toponmenxuii A. C., Ezepos U. JI. Komneroreprsie mojenu konctpyknuii. — K.: daxr, 2005. — 344 c.
2. €s3epos LJI., n.1.H., IepaiimoBuu 10.J1., x.1T.H., Mapuenko /I.B., IlInonsucekuit O.I'., k.1.H. Po3paxyHok Ha
ceiicMiyni BruHBH y iporpamEoMy Komriekci JIIPA 10. I'pyna kommawiit JIIPA, Knis, Ykpaina, 2022,

238



V Misicnapoona naykoso —npaxmuuna konghepenyis «Byoieni ma cnopyou cneyiansho2o npusnaiens:
cyuacnimamepianu ma koncmpyxyiin (14-16 mpasna 2025 p.)
DOI: https://doi.org/10.59647/978-617-8633-07-3/1

Integrated Solutions for Design Engineers:
SP LIRA 10 in Modern CAE Practice

Vladyslav Kyrychok, Engineer, https://orcid.org/0000-0002-4359-7148

LIRA group of companies (Kyiv)

Digital age requires powerful adaptive and software tools allowing structural design to be
effective. The Software Package LIRA 10 is a modern CAE-solution developed for design engineers,
which combines finite element calculations and structural calculations for steel, reinforced concrete
and wooden structures in accordance with the standards of Ukraine, the European Union, the USA,
etc.

Toolkit includes the analysis of geometric and physical non-linearity; consideration of cracking,
creep, and non-linear “foundation-structure” interaction; and the full range of dynamic analysis,
including impulse loadings both by spectral method and direct integration using an implicit difference
scheme. Also, specific calculations can also be performed taking into account non-linear heat
conductivity and filtration problems.

Key advantages:

e Modularity and Openness. The SP LIRA can be easily integrated into the digital design
process and supports import/export to widely used CAD/BIM-formats, including AutoCAD,
Revit, Tekla, SAP2000, Abaqus, etc.

e Unified Graphical Environment. Engineers in a single mode create geometric model, perform
triangulation, specify loads and analyze the obtained results. So there is no need in
intermediate formats and satellite programs.

e Speed of Response and Reliability. Use of multi-core calculations, optimized calculation
algorithms.

e Intuitive Interface. Powerful graphical environment with 3D-visualization, contextual help
system and user-defined output templates.

e Mesh Coordination with Non-matching Nodes. Users can coordinate the non-matching nodes
with adjacent elements maintaining a high accuracy of calculations. It can be useful in case of
difficulties related with optimal triangulation of certain areas of the model. Coordination can
be specified for each individual direction, which gives the engineer more flexibility in
modeling the realistic behavior of structures, including.

e High-Speed and Accuracy of Dynamic Analyses. The SP LIRA uses an implicit difference
scheme, which is definitely stable. Therefore, the user can promptly select the integration step
and avoid unphysical oscillations or high-frequency noise (as in the HHT-a method). At the
same time, you can perform a dynamic calculation in the SP LIRA several times faster than a
similar calculation in almost all analogs of finite element modeling.

e Backward Compatibility. Projects created in newer versions can be opened in older versions
with the minimum possible loss of information. It allows for better interaction between project
departments, which update their software asynchronously.

e Compliance with Standards. Calculations are performed in accordance with current standards
(DBN, Eurocodes, etc.), which ensures compliance with the requirements of state expertise.

LIRA 10 is a next-generation engineering tool that allows for efficient calculation and integration
into the full life cycle of an object: from initial draft to operation.

1. Gorodetsky A.S., Evzerov I.D. Computer models of constructions. — K.: Fact, 2007. — 344 p.

2. Yevzerov 1.D, DScTech, Geraimovych Yu.D., Ph.D. (Tech.), Marchenko D.V., Shpolianskyi O.H., Ph.D.
(Tech.). Calculation for seismic action in Software Package LIRA 10. LIRA group of companies, Kyiv, Ukraine,
2022.
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