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OcHOBHUI1 3MICT AUCEPTALiIHOI pO0OTH

JlucepTartiitna po6oTa cripsiMOBaHa Ha 301IBIICHHS] KOHCTPYKTUBHOT O€3MeKH
0araronoBepXoBUX OyAiBedb NUIIXOM TOCHJICHHS J>KUBYYOCTI IXHIX HECY4YHX
KOHCTPYKIIIil B 4yac CTPIMKOI'O PO3BUTKY OYJIBENIb SIK CUCTEM Ta BOEHHHUX il Ha
TepUTOPIi YKpaiHu.

3a pe3yibTaTaMd BUKOHAHMX OTJISIIB, aHaJi31B, CKIHYEHHO-EJIEMEHTHHX
JIOCIIIPKEHD:

- Y BITUM3HSHUX Ta 3aKOPJOHHMX HOPMATHUBHUX JOKYMEHTAaX BCTAaHOBIIEHO, IO
pEeKOMeHaIli Y4 METOJUKHU PO3PAaXyHKY CTaJIEBHX KapKaciB 0araTornoBEepXOBUX
oynisens (CKBb) Ha UBYUICTh NMPH MOXKEX1 BIACYTHI, a PO3TJISHYTI 3aXOJH 10
IILOTO Yacy B HAYKOBHUX JOCIIDKCHHAX MOTPEOYIOThH OUIBII IETATbHUX JOCIIIKEHb
Ta BJOCKOHAJICHHS;

- BU3HAYCHE HAMOUTBIIT HECTIPUSTIMBE po3TanryBaHHs Jxepena noxexi B CKbb;

- BU3HA4Ye€Hl HaWOLIBII PO3TATHYTI y 4Yaci mexanidmu pyinHyBanHs CKBb mpwu
MOXKEXKI;

- BCTaHOBJIEH1 pi3Hi 3axoau nmocuieHHs xuBydocTi CKBb npu moxexi;

- B PO3BHUTOK TOJIOKEHb HOPMATUBHUX JIOKYMEHTIB Ta CTaHJAPTIB 3 HAIWHOCTI Ta
’KUBYYOCTI CTaJICBUX KOHCTPYKLINA po3po0JIeHa METOAMKA MOCHIICHHS >KUBYYOCTI
mpu moxexi CKbb.

3 mornsany ¢inocodii Hayku B Cy4yaCHOMY CBITI BiOYBA€ThCS HAyKOBO-
TEXHIYHUX MPOTpec Bce OUIBIIMMU TeMiaMu. JIF0JCTBO CTBOPIOE CKIaJAHI CUCTEMU

JUIS. 33JI0OBOJICHHSI BJIACHUX TMOTpeO, TaKUX SK CTBOPEHHS CEpeOBUINA IS



KOM(OPTHOTO TPOXKUBAHHS Ta PI3HUX BUMIIB KUTTEALUILHOCTI. Alle 1o Mipi
3pOCTaHHS CKJIATHOCTI IUX CHCTEM 3POCTAE iXHS YyTJIMBICTh 10 HEeTIepea0adyBaHUX
3arpo3 pizHoi npupoau. HaykoBi AOCHIIKEHHS B Taidy3l MPOEKTYBaHHS OY/iBEIb
MarTh OyTH CHpPSIMOBaHI Ha 30UIBIIEHHS OE3MEKH JIOJCHKOI >KUTTENISUIBHOCTI,
KOHCTPYKTHBHOT 0€3M€KH €KOJOTTYHOCTI, EHEProeEeKTUBHOCTI.

B nepuiomy po30ini npoaHanizoBaHO BUIAJIKH MPOrPECYIOUOT0 PyHHYBAHHS
OararonoBepXoBUX OyiBesb, 30KpeMa 1 BHACIIJOK MOXeX1. BcraHoBieHo, 110
OararonoBepxoBl OY[iBJ1I 31 CTaJeBUM KAapKaCOM MOXYTb SIK IOBHICTIO
pPYWHYBaTHCS TIPU MOXKEXKI, TaK 1 MOKE HE BiIOyBaTHCS JKOAHOTO pyHHYBaHHA. Y
BITUM3HSHUX HOPMATUBHUX JOKYMEHTaxX € BuUMora OyiiBii kiacy Hachiakis CC3
pPO3paxoByBaTH Ha >KUBYYICTh IMPHU IMOXKEKI, ale B KOJHOMY 3aKOPJOHHOMY YH
BITUM3HSHOMY JIOKYMEHTIB HE HaBEJEHO aHi BIAMOBIAHUX METOJAMK, aHi
pexkoMenaalii. Panime gqocmimkeH1 pillieHHs 3 TOCWICHHS )KUBYYOCTI TP MOXKEXK1
CKBb noTpebyroTh OUTBIN AETAIBHOTO BUBYEHHS 1 BIIOCKOHAJICHHS.

Y opyzomy pozoini posrasHyTi pi3HI cTparterii 3a0e3nedeHHs >KUBYUYOCTI
CKbb muisaxoM HEAOMYIIEHHS JOKaJbHOTO PYWHYBaHHS BHACIIIOK IOXKEKI.
Cuenapii moxexxi IpUHHATI HAa PI3HUX MOBEpXaxX Ta 3 PI3HUM PO3TAIIyBaHHSM B
aHi okpeMo. [lis mokexi 3MoIeTbOBaHa 3 ypaxXyBaHHSIM BOTHE3aXHUCTY CTAIEBUX
KOHCTPYKIIIM, BOTHECTIMKOCTI CTAJICBUX KOHCTPYKIIM, TUIAHYBaHHS INPUMIMICHb.
Crparerii MOpiBHSIHO 3 TOYKH 30PYy BAPTOCTI METATOEMHOCTI 1 BAPTOCTI.

B mpemvomy po30ini nociaipkeHO poOOTYy PI3HUX €JIEMEHTIB KapKacy 10
MEPIIIOro HACTAHHS TPAHUYHOTO CTAaHY 3a PI3HOT'O PO3TAIIYBAaHHS JKEpelia TOKEexKI.
BcranoBneHo, 110 4ac HaCTaHHS MEPIIOTO TPAHUYHOTO CTAHY 3a CIICHAPIIO TOKEXKI
B CEpPEIHHOMY MPOIBOTI OUIBIIHMI, HDK y KpailHbOMY. 3a TOXKEXI Ha BHUIIIOMY
MOBEPCi TPaHUYHUHN CTaH BiAOYBa€ThCA Mi3HIINIE, HK Ha HIDKUYOMY. Po3ranryBanHs
JDKepena TIOKeX1 B KpaWHbOMY TMPOJIBOTI HAa HUKHBOMY IOBEpPCi HalMEHII
CIPHSITIVBE 3 TOYKH 30pYy MOTEHIIIMHOTO MEXaHi3My pyiiHyBaHHs. Bu3HadueHo, 1o
B Kapkacax 3 MIapHIPHUMHU BY3JIaMH TNPUMHKAHHS OajdoK J0 KOJOH TepIIuit
IPaHUYHUI CTaH HACTYyMae€ Mi3HIIIE, HIK B KapKacax 13 >KOPCTKUMU By3namu. (s

30UIBIIEHHS] BOTHECTIMKOCTI Ta J>KUBYYOCTI MIPH TMOXKEXKl IMepepi3 eJIEeMEHTIB



CTaJIEBUX KapKaciB HEOOXIJTHO MPOEKTYBAaTH TAKUM, B IKOMY MOKE€ YTBOPIOBATHUCS
MOBHUH IIApHIP IUIACTUYHOCTI 0€3 BTPATH MICLIEBO1 CTIMKOCTI.

B uemeepmomy po30ini BU3HAYECHI 3aXOJM TOCUJICHHS >KUBYYOCTI MpPH
noxexxi CKbb. KputepieM kMBYy4OCTI TP MOKEK1 TIPUUHSITO Yac )KMBYUYOCTI: 4ac
BiJI MEpIIOT0 PYHHYBaHHS /10 BTPATH KMBYYOCTI Kapkacy. [IpoBeneHO mopiBHAHHA
PI3HUX MEXaHI3MIB pyHHYBaHHS Ta JOBEICHO, IO y BUNAAKY, SKIIO MEPIIOro
pyiiHyBaHHs OajKku pyHHYBaHHs OyJie OUTbII pO3TATHYTHM Y Yaci. [JoBeaeHO BILIIUB
pi3HHUILII KOe]II€HTIB BUKOpUCTaHHs Hecy4oi 3aaTtHocTi (KBH3) B Ganii Ta kosoH1
Ha xxuByuicTh CKBb npu noxexi. BcraHoBieHa 3a1eXHICT, HEOOX1THOT PI3HUIII B
KBH3 O6anku Ta KOJOHM /IS HAWOUIBII PO3TATHYTOTO Yy 4Yaci MeXaHi3My
pyiinyBanHs Bin reomerpuyHux po3mipiB CKBb. BusiBneno, mo Ha >XHUBYYICTb
CKBbb npu nmoxexi BrumBae ¢popMa rnepepizy. BuznadueHi yMOBHU /1711 BAKOPUCTAHHS
ayrpurepanx cucreM B CKBb sk 3axoy MOCHIICHHS >KMBYYOCTI TPHU TOMKEKI.
CdopmoBana metonuka nocuieHHs skuyBdocti CKBb mpu moxexi. [lpoeaeno
nopiBHSIHHS kuBYyd0CTi pu noxexxi CKbb 3 mapHipHuMu Ta ®KOPCTKUMH BYy3J1aMH
IpUMUKaHHSAMH Oaylok 10 KoyioH. Bussneno, mo B CKBbB 3 xopctkumMu By3namu
IIpU TIOXKEXK1 MOKe BiIOyTUCS pyHHYBaHHS HEHArpiTUX eJIeMeHTiB. BcraHoBieHo,
o chopMOBaHa METOJHMKA 3arajoM MOCHIIOE )XUBYyUOoCTh npu moxkexi 1 B CKBb 3
KOPCTKMMH BY3JIaMH, ajie ToTpeOye OuIbIl TIMOOKHX JOCHIKEHb B IbOMY
BUTIAJIKY.

B n’amomy po30dini mpoBeneHo ampoOarito cHOpMOBaHOI METOIUKH
nocwiieHHs xuBy4ocTi pu noxexi CKbb Ha konkpeTHOMY 00’ €kTi. BcTaHOBIIEHO,
[0 BUKOPUCTAHHS 3aX0/[iB, PEKOMEH0BaHUX B C(HOPMOBAHIN METOAMII 301IBIIYE
KUBYYICTH MPH MOXKEXK1 CTAIEBOTO KapKacy po3JsTHYTOI OYy/IiBIIi 32 KPUTEPIEM Hacy
BiJl MEpIIOr0 pyHHYBaHHS 10 BTpaTH >KUBYYOCTI B 48 pasiB mpu 30UIBIICHHI
BapTOCTi Kapkacy B nii Ha 24%. byno BusiBIeHo, 110 B MpOCTOPOBOT MOEN OUTbIa
KUBYTICTh, HI’K B aHAJIOTTYHUX TUIOCKH MOJEISIX. BepTuKanbHi B’5131 € €TIeMEHTaMH,
yepe3 sIK1 3yCUIUISI MEPEeXOASATh 3 HarpiTUX B HEHArpPITI Ta pYHHYIOTHCS MEPIIUMHU.
Tak camo, sIK 1 B aHAJIOTTYHUX TUIOCKUN MOJIEJISIX , B IPOCTOPOBIM MOJIell B KapKaci

3 KOPCKMMHU BY3JIaMH TMPUMHKaHHS Oajlok Ta KOJIOH MOXYTh BiIOyBaTHUCs



pyilHyBaHHsSI B HEHArpiTUX elieMeHTax. BcTaHOBIEeHO, 10 po3pobisieHa B AaHId
pobOTI MeTouKa, 10 AochiKyBanacsa Ha miockux moaensx CKBb, nificHa 1 qis

POCTOPOBUX.

Bukonani A0CHIIKEHHS T03BOJIMIM CTBOPUTH HOBY METOJIMKY TMOCHUIICHHS
xuBydocti CKBb npu mnoxexi. Po3po0iena Meronuka A03BOJIUTH OyA1BEILHUM
1HXeHepaM-KOHCTpyKTopaM po3paxoByBaTu CKBb Ha »KuByYICTh npu noxexi 0e3
TPYJIOMICTKOTO MOJICJIFOBAHHS TOXKEXK1 1 BUKOHYBATH BIAMOBIAHI BUMOTH YHHHUX
HOPMAaTUBHMX JIOKYMEHTIB. J[aHa MeToJluKa Ta TEpPMIHOJIOTIS /Jii BHECEHHS B
HOpPMATUBHI JOKYMEHTH, /i€ JJI CTaJIeBUX KOHCTPYKIINA BIJICYTHI BKa31BKH MO0
MOCHUJICHHS dKUBYYOCTI.

Kniouoei cnosa: ;XuBydicTh, MOXKEkKa, BOTHECTIUKICTD, CTAIEBI KOHCTPYKITIi,
OararonoBepxoBl OyaiBiIi, WpOrpecyroue pyHHYBaHHSA, METOJ CKIHYECHHUX
€JIEMEHTIB, YHCENbHE MOJCNIOBaHHS, (I3UYHA HENIHIMHICTh, TE€OMETpPHYHA

HEJTIHIWHICTh, HeMIHIWHA nedopmariiiina MOJIeb.
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The main content of the thesis.

The dissertation is aimed at increasing the structural safety of multi-story
buildings by increasing the vitality of their bearing structures during the rapid
development of buildings as systems and warfare hazards on the Ukraine territory.

According to the results of the performed reviews, analyses, and finite element
research:

- in domestic and foreign normative documents, it is established that there are no
recommendations or techniques for calculating the multi-story buildings' steel
frames (MBSF) for vitality in the fire, and the measures considered so far in
scientific research need more detailed research and improvement;

- determined the most unfavorable fire source location in the MBSF;

- the collapse mechanisms of MBSF during a fire, which are most extended in time,
are determined,

- various measures of MBSF vitality in the fire increase have been established;

- in the development of the provisions of normative documents and standards on the
steel structures' reliability and vitality, the MBSF vitality in the fire-increasing
technique was developed.

From the philosophy of science view point in the modern world, scientific and
technical progress is taking place at an increasingly rapid pace. Humanity creates
complex systems to meet its own needs, such as creating an environment for
comfortable living and various types of life activities. But as the complexity of these
systems increases, so does their sensitivity to unpredictable threats of various nature.

Scientific research in the field of building design should be aimed at increasing the



safety of human activities, structural safety, environmental friendliness, and energy
efficiency.

In the section 1, a multi-story buildings progressive collapse cases are
analyzed, in particular due to fire. It has been established that multi-story buildings
with a steel frame can either completely collapse in a fire or not at all. In the domestic
normative documents, there is a requirement for a building of the CC3 consequences
class to count on vitality in the event of a fire, but no relevant techniques or
recommendations are given in any foreign or domestic documents. Previously
researched measures to increase MBSF vitality in case of fire need more detailed
study and improvement.

The section 2 deals with the various strategies for ensuring the MBSF vitality
by preventing local destruction as a result of a fire. Fire scenarios are accepted on
different floors and with different locations in the plan separately. The fire is
modeled on the steel structures fire protection, fire resistance of steel structures and
planning of premises. Strategies compared to the point of view of the cost of metal
capacity and value.

In the section 3, the steel frame various elements operation before the first
limit state onset under different fire source locations is investigated. It was
established that the first limit state onset time under the fire scenario is longer in the
internal span than in the external one. In case of fire on the upper floor, the limit
state occurs later than on the lower one. The fire source location in the external span
on the lower floor is the least favorable from the point of view of the potential
collapse mechanism. It has been determined that in frames with hinged joints
connecting beams to columns, the first limit state occurs later than in frames with
rigid joints. To increase fire resistance and vitality in case of fire, the steel frame
elements cross-section must be designed in such a way that a full hinge plastic can
be formed without buckling.

In the section 4, measures to increase vitality in the fire of MBSF are defined.
The criterion of vitality in the fire is the vitality time: the time from the first

destruction to the vitality loss. A comparison of various collapse mechanisms was



carried out and it was proved that during the beam first destruction, the collapse will
be more extended in time. The effect of the difference in the load capacity ratio
(LCR) in the beam and the column on the MBSF vitality in the fire is proven. The
dependence of the required difference in the LCR of beams and columns for the most
time-stretched collapse mechanism on the MBSF geometric dimensions is
established. It was found that the element’s cross-sectional shape affects the MBSF
vitality in the fire. The conditions for the use of outrigger systems in the MBSF as a
measure to increase vitality in the fire are defined. A technique of MBSF vitality in
the fire increasing has been developed. A comparison of vitality in the fire of MBSF
with hinged and rigid nodes abutting beams to columns was carried out. It was found
that in the MBSF with rigid nodes, the destruction of unheated elements may occur
during a fire. It has been established that the developed technique generally increases
MBSF with rigid nodes vitality in the fire too, but requires more in-depth research
in this case.

In the section 5, the approbation of the developed technique for MBSF vitality
in the fire increasing at a specific object was carried out. It was established that the
use of the measures recommended in the developed methodology increases the
vitality steel frame in the fire of a spilled building by the criterion of time from the
first destruction to the vitality loss by 48 times while increasing the frame cost in
practice by 24%. It was found that the 3d model has greater vitality in the fire than
similar 2d models. Vertical ties are elements through which forces pass from heated
to unheated and are destroyed first. Just as in similar 2d models, in a 3d model in a
frame with rigid nodes connecting beams and columns, destruction can occur in
unheated elements. It has been established that the technique developed in this
dissertation, which was studied on 2d models of MBSF, is also valid for 3d models.

The conducted research made it possible to create a new technique of
increasing the MBSF vitality in the fire. The developed technique will allow civil
engineers to calculate MBSF vitality in the fire without time-consuming fire

modeling and to fulfill the relevant requirements of current normative documents.



This technique and terminology is for inclusion in normative documents, where
there are no instructions for steel structures vitality increasing.

Key words: vitality, fire, fire resistance, steel structures, multi-story buildings,
progressive collapse, finite element method, numerical modeling, physical

nonlinearity, geometric nonlinearity, nonlinear deformation model.



