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Yxpainucokuii oeporcasnuil ynieepcumem nayKku i mexHono2iu

AHoTtanisi. B po0oTi BUKOHAHWUN CTaTUYHUN 1 TUHAMIYHMKA aHa3 KOHCTPYKIIl CTaJeBOTO
Kapkacy 0ararornoBepxoBOi TOpriBelIbHO-O(icHO-TOTeNbHOT OymiBni B wmicti  [laBnorpan,
3aMpPOEKTOBAHOI B MEXax poOIT MO BIAHOBICHHIO 3PYHHOBAHOTO >XHUTIOBOTO (GOHAY YKpaiHH.
CraTnuHuil aHami3 BUSBUB BIJMOBINHICTh 3aKIQJICHUX IPOEKTHUX pIlIEHh BUMOTaM YHHHHX
CTaHJApTIB YKpaiHU B Tally3l MPOEKTYBAHHS CTAICBUX KOHCTPYKIIiK. B sikoCTI pexomeHaarii Oymo
3aMpoIOHOBAHO BiMOBA BiJI MPOKATHUX MPOQLIIB 1 iX 3aMiHa HA aHAJIOTIYHI 3BapHi, IO MiIBUIIUTH
3arajJlbHUA piBEHb HAIIHHOCTI BY3JIOBUX 3 3’€qHaHb Kapkacy. JluHaMIuyHUN aHali3 J03BOJIMB
OTpUMaTH HIKHI BIAcHI ()OPMM 1 YaCTOTH KOJIMBAHb Kapkacy, IO € MIATPYHTSAM JO OILIHKH B
MOJANTBIIOMY PO3PaXyHKY Ha TUHAMIYHE MTPOTPECYIOUe PYHYBaHHS.

KirouoBi cyioBa: craneBuii kapkac, 0aratornoBepxoBa rpoMazchbka OyiBisl, METO CKIHUEHUX
€JIEMEHTIB, TPOEKTHO-00unCIIOBaIbHIN KomIiekc SCAD

Beryn. Pa3oM i3 mocTiiiHUM pyWHYBaHHSM JKUTIOBUX (POHIIIB IO BCiM TepUTOpii YKpaiHu Ta
HE3BKAIOUM Ha JyXe CKIaJHI OOCTAaBMHU, B SKHUX Hapas3i MEIIKAE HACEJICHHS, MPOJOBKYETHCS
po3po0OKa TMPOEKTIB i1 MaHOyTHHROTO BITHOBICHHS KpaiHu. OAHUM 3 TaKUX TMPOEKTIB €
OararormoBepxoBa Trpomajcbka OymiBns B Micti [laBmorpan. 3a cBoiM  (yHKIIOHANIBHUM
MPU3HAYCHHSM OymiBJIsI € TOPTiBeIbHO-0(ICHO-TOTEbHA, TOMY IO BOHA CKJIAJAETHCS 3 TPHOX
(YHKIIOHATTBHUX YaCTHH, BIATOBIIHO.

3aranpHuil Buja OymiBiai HaBeAeHWM Ha puc. 1. BiamoBigHO 0 MPOEKTY BiTHOBJICHHS
po3po0iieHO JeKinbKa BapiaHTIB apXiTEKTypHOro BupimeHHs Qacamay OyaiBiai. OgHUM 3 HHX €
BUKOPUCTaHHS 3aTEMHEHOI KOJIbOPOBOI raMH, sIKa JI0JIaTKOBO 3a0e3MeUnTh HE TIIbKU IMiJBULICHUMA
piBEHb TEIUIOCTIPUHHATTS MOBEPXOHb (acajy, a e i BUKOHYE CBOEPIIHY MACKyBaJIbHY BICHKOBY
GbyHKITIFO.

B apxitekTypHO-OyiBeIbHOMY BiTHOLICHHI OYIiBIs CKiIagaeThesi 3 Tpbox cekuiid. Ilepmra
HHU3bKa CEKIlis Ma€ BUCOTY 25,2 M, Ipyra BUCOKA CEKIisi Ma€ BUCOTY 61,2 M 1 TpeTs TOpIieBa BUCOKa
CeKI[il Mae BUCOTY TakoX 61,2 m. DyHKIIOHANBHO MOBepXW 1-3 mpHu3HAYeHI AN PO3MILICHHS
TOPTIBEJILHHUX ILIOI, MTOBEPXH 4-7 MEpIIOi CeKIlii MICTATh TOTEIbHI HOMEPH, a moBepxu 4-15 napyroi
BHUCOKOi CeKIlii MICTITh TepeBaxxHO odicHI Twiom. B Tperiii cekmii po3MIMIEHO CUCTEMY
BEPTUKAJILHUX KOMYHIKaIii OymiBii. B mmani OynmiBis mae Gpopmy NMpSIMOKYTHHKA 13 TaOapUTHUMH
po3mipamu 37,44 m x 56,16 M — puc. 2.

B KOHCTpYKTHMBHOMY BiTHOIIEHHI OY/IIBJIS Ma€ PIilICHHS 13 BHYTPIIITHIM CTaJe€BUM KapKacOM.
BiH ckmagaeTbcsi 13 CUCTEMM BEPTHKAJIBHUM KOJIOH, PO3TAIIOBAHUX DPIBHOMIPHOIO CITKOIO IO
BCbOMY IIJIaHy OYiBJII — KPOK B IO3JOBKHHOMY 1 B IIONEPEYHOMY HAIpPSMKAX MPUHAHATHI
OJTHAKOBUH 1 CTAaHOBUTH 6,24 M. J[0 KOJIOH B MO3IOBKHBOMY 1 B MOMEPEIYHOMY HAMPSMKAX KOPCTKO
MIPUEAHYIOTHCS] TOPU30HTAIBHI PUTEII, SIKI CTBOPIOIOTH CBOEPIAHI TOPU3OHTAIBHI KOPCTKI IUCKH TIO
BCiil BHCOTI OyaiBii. Kpok Takux AMCKIB TOPIBHIOE BHCOTI MMOBEPXY 1 CTAHOBUTH 3,6 M.

Bci momepeuni mepepism HeCydMX €JIEMEHTIB CTalleBOro Kapkacy OymiBil BHKOHaHI 13
npokatHuX ABoTaBpiB cepii b. J{ns xomon Oynieni BukopucTani nepepizu — Big 10062 B HukHIN
gacTuHi 1 10 60b2 B BepxHiii yacTuHi OyIiBJi BIAMOBIZHO N0 BITYM3HSAHOTO cTaHmapty [1]. Taki
nepepisu Oyau 3akiafieHi B nepBicHUNA mpoekT Oynisii. Hamani Oyna mocraBieHa 3agaya BUKOHATH
MEePEBIPKY NPHU3HAYCHUX KOHCTPYKTHMBHUX €JIEMEHTIB BIJIMOBITHO /10 BUMOI YMHHHUX B YKpaiHi
cTa”mapris [2-5].
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Puc. 2. IlpuHIIMNOBHU TUTaH TOPTiBEIBbHO-0(1CHO-TOTENBHOI Oy/iBii B MicTi [laBiorpan
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AHaJIi3 ocTaHHIX JKkepeJ AocjaigxkeHb i mybJikauii. B Ykpaini Ha Tenep € nosomi 6araro
SIK TIOOIMHOKHX, TaK 1 KOJICKTUBHUX JTOCTIIKEHb POOOTH KapKaCHUX CHCTEM OymiBelb PI3HUX THUITIB
[6-10], mounHarO4M i3 BHYTPILIHBOTO KapKacy 1 3aKiHUYIOYH BapiaHTaMU 30BHIIIHBOTO Kapkacy [11-
15]. OkpemuM HanpsIMKOM IIPH LIbOMY € PO3pPaxyHOK Ha mporpecyroue pyriHyBanHs [16-19], IIporte
Nepesl TUM, SIK PO3POOIISTH CXEMY TAKOTO PO3PAXyHKY Ul OararornoBepxoBoi Oy/IiBii Ta MPOBOAUTH
caM pO3paxyHOK MOTPiIOHO CIOYATKY JOCKOHAJIO0 BHBUMUTH POOOTY camoi OyiBIl 3a TPaaUIIHUX
HABaHTAXCHb, BUSBUTU «CJIA0Ki» MICI KOHCTPYKIIi, a TAKOK OLIIHUTH PiBEHb 3amacy B OCHOBHHUX
KOHCTPYKTHBaX. B po0oTax mMpoBiIHMX HAYKOBIIIB MUTAHHS MPOTPECYIOYOro PyWHYBaHHS HaBIiTh
MOB’SI3YIOThCA 13 piBHEM HanilHOCTI OyaiBesnbHUX KOHCTpykmii [20-21]. Ognak Ha (oHi momii
OCTaHHIX POKIB B YKpaiHi 0COOJIMBOI aKTyaJhbHOCTI HaOyBae OIlIHKA JWHAMIYHOTO PYWHYBaHHS
KOHCTPYKIIi# BiJl yTapHO-BUOYXOBUX HaBaHTa)KEHb, & TAKOXK OLIHKA IX AUHAMIYHOI HATIMHOCTI.

Buninennsi He po3’si3aHUX paHille YacTHH 3arajbHol NpoOjeMu. 3BaKalOud Ha
BUIIIEBUKJIAJICHHE MTPOOIeMa BU3HAYCHHS TMHAMIYHUX XapaKTEPUCTHK OararornoBepXxoBUX Oy/iBesb
MPAaKTUYHO HE BUCBITIEHA y BITYM3HAHIN (axoBiid JiTeparypi, a MUTAaHHS AUHAMIYHOTO PYWHYBaHHS
Ta TUHAMIYHOI CTIMKOCTI B3araji MaloTh OyTH MEpEerissHyTI B CBITI HOBITHIX JJaHUX PO B3AEMOJIIIO
KOHCTPYKIIi# 13 BUOyXOBUMHU HaBaHTaXxeHHsIMU. [locTaHOBKA 3aBaaHHsI. 3aBIaHHIM IlI€i CTATTI €
BU3HAUYEHHS TMHAMIYHUX XapaKTEPUCTUK 0ArarornoBepXxoBOi TOPTiBEIbHO-0(ICHO-TOTENBHOT OymiBIi
31 cTajneBUM KapkacoM B Micti [laBmorpaz, 3ampoekTOoBaHOi B MeXax pPOOIT MO BiIHOBICHHIO
3pYHHOBAHOTO )KUTJIOBOTO (POHAY YKpaiHH.

OcHoBHuII Marepiaa i pe3yabraru. J[Jisi HOCSITHEHHS MOCTABJICHOIO 3aBAaHHS CIOYATKY
TpeOy Oy/no OLIHUTH CTAaTUYHI IMOKa3HUKHU 3alpoeKToBaHOi OymiBii. [ 1boro OyB BUKOpPHUCTAHHMA
YUCEeTbHUN MEeTOJ OymiBEIbHOT MEXaHIKH — METOJ] CKIHUEHUX EJIEMEHTIB [22-26]. Horo MpaKkTUYHA
peanizanis 31idCHIOBaJIaCh Ha 0a3l BITYM3HAHOTO MPOEKTHO-00UMCIIIOBaIbHOrO Komruiekcy SCAD
[27].

[ToOynoBaHa CKiHYEHHO-€JIEMEHTHA MOJEIb CTaJeBOr0 KapKacy TOpriBelbHO-0(]icHO-
roTenpHOI OymiBIII TIpencTaBiieHa Ha puc. 3. Mojenb sBisie cOO0I0 CTEPKHEBY CHUCTEMY, sKa
ckimagaerbest 611b Hik 3 2000 eneMeHTiB, 0 MOJENIOIOTh KOJOHHU Ta pureni kapkacy. Ilonepeuni
Mepepi3u HeCYYrM €JIEMEHTaM 3aJ1aBaJIUCh BIAMOBIAHO 10 po3pobieHoro mpoekty. HaBaHnTakeHHS
NpUEMANIKCh 32 CTaHIapTOM [28] — BIacHa Bara eJIeMEHTIB KOHCTPYKIIii, KOpUCHE HAaBaHTAXCHHS
Ha TIePEKPUTTS, CHITOBE 1 BITPOBE HABAaHTAKEHHS 3a PI3HUMHU HaIIPSIMKaMH.

Puc. 3. Po3paxyHkoBa Moziellb CTaJI€BOI0 KapKacy
TOpPTriBeJIbHO-0(iCHO-TOTENbHOT OyaiBmi B MicTi [TaBnorpan
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[Tonepenniii craruyHui aHami3 pPoOOOTH KapKacy MiATBEPAUB KOPEKTHICTh MPUHHATHX
MONEPEYHUX Tepepi3iB. MakcuMmanbHl mornepedni aedopmariii Bijg KOMOiHAIll HaBaHTa)KCHb HE
nepeBumryiorb 20 MM, a BepTuKaibHi naedopmanii — 30 MM. MakcuManbHI HamNpyXeHHS
CIIOCTEPITalOThCS B KpaHIX KOJOHAaX OymiBII 1 HE MEPEBUILYIOTh PO3PAaXyHKOBOTO OMOPY CTayll —
puc. 4. B sAxocti pexkomeHnaliii Oyna BHCyHyTa HpOIMO3UIliS BUKOPUCTAHHS 3aMiCTh MPOKAaTHUX
mepepi3iB HeCyYnX €JEMEHTIB 3BapHHUX Iepepis3iB, SKI BHUTOTOBJISIOTHCS Ha OCHOBI JIMCTOBOTO
copramenty [29]. Lle 0OyMOBJIEHO CHpPOIIEHHSM B I[bOMY pa3i KOHCTPYKIII CTHKIB OKpEMHX
HECYYHMX €JIEMEHTIB — 3aMICTh 3BapHHMX BCTABOK B BHUXIJTHOMY IPOEKTI TependadaeTbcs OLTbIT
CHPOIICHUN BapiaHT CTUKY 0€3 TakuX BCTaBOK — puc. 5. Ha Ham momisn e miABUINITH PiBEHBb
HaJIHHOCTI KapKacy, aJke By3JIOBE 3’ €IaHHS € OHUM 3 HaOUIbII MPOOIEMHUX MICIb OyTiBEIbHUX
KoHCTpyKiit [30].

8% InaeHbie n 3kBMBaNeHTHbIe HanpA... X

O

H Co /LTZZ":’Z
(] 16 v AZ%;?I?

OF4 A7 42% ?”Z

MMa  Mrla I
v o5 105 155¢ 7 A7 4
¥ o5t 2055 327 "I FZEZIZZ’; > I 4
¥ [lzoss 3119 163 " [m@fl / ;
¥ 3119 4154 146 "W ,)JT 244 g
¥ [ 4154 5185 141 "M ?ﬁyﬁ f ;
¥ 15185 6223 161 [ 7777 24 _ ;
¥ [ezes 7257 76 "] T 4
¥ [ ]7257 8291 38 "] ’Z?;ﬁ 2 E |7 4
¥ []s291 9326 35 7 ""'ﬁ-rﬁ?;! (47 7 4
¥ []9325 1036 54 [ 7 '}I- 2277 4
¥ 1035 11595107 "0 'f’;,ﬁ, & ;f
[ 113,95 12429143 " ; T/ -’-—-;_ A 4
¥ 124,29 13464116 "l Z-W'[R & 4
¥ [l 15464 1448859 "I m.n;rmr X 4
w 14498 1553250 "] zﬂimr L,! A
v Il 15532 16567 21 T’"{% 6!

Y Mer
Wrkana

D pparteHTa m *
ZaKkpbITh HH

Puc. 4. HanpyxeHuii cTaH CTajaeBoOro Kapkacy
TOPTriBeJIbHO-0(iCHO-TOTENBbHOT OyaiBmi B MicTi [1aBnorpan

ZQiOO

9

'&@’5, 5
|

o
()
(O .
24,569 _ :
o lef P&
-~ .II

Puc. 5. 3anponoHoBaHa KOHCTPYKIIisl By3JIOBOTO CTHUKA

- 165 -



(crop. 162-171)

CyuacHni 6yoisenbhi koncmpykuyii 3 memany ma oepesutu, 2024. — Bun. Ne 28

TOpPTriBeJIbHO-0(iCHO-TOTENbHOT OyiBmi B MicTi [1aBnorpan
[Ilomo OCHOBHOTO 3aBJIaHHS POOOTH, TO OTpUMaHi HDKHI (GOPMH BIACHUX KOJHBaHb

KOHCTPYKIIil CTaJleBOrO KapKacy TOpriBenbHO-0¢icHO-ToTenbHOI OyniBai B Micti IlaBnorpan

HaBelleHI Ha puc. 6. SIK BHIHO, MPH IIOMY BiIOYBAa€ThCS BKIIOYCHHS B pOOOTY BCHOTO KapKacy

OyniBIi, 10 CIPUATHME 3MEHILICHHIO AMIUTITY/l KOJMBAHb.
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Puc. 6. HuxHi hopmu KomuBaHHA
TOPTiBeIbHO-0(icCHO-TOTENBHOT OyiBmi B MicTi [1aBiorpan:

a) nepma opma; 0) npyra hopma
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B Ta6n. 1 mpuBeneHi oTpuMaHi 3HaY€HHsI BIACHUX YaCTOT KOJIMBAaHb OY/IiBIII AT HUKHIX 16
3HaueHb. SIK BUJIHO, YACTOTHUHN CIIEKTP B LIJIOMY BHSBISETHCS JOBOJI IIIIBHUM, a HH)KHI YaCTOTH
JIeXKaTh B miana3oHi 1o S ', 1mo € HeOakaHuM JJIsT JTFOIUHMU.

Tabmuns 1 — BrnacHuii 4aCTOTHHM CTIEKTP KOJIMBaHb
TOpPTriBeJIbHO-0(iCHO-TOTENBbHOT OyiBmi B MicTi [1aBnorpan

Yactora | 3HaueHHs, [ Yacrora 3HaueHH, ['11
1 0,69 9 1,90
2 0,86 10 2,04
3 1,22 11 2,12
4 1,46 12 2,37
5 1,60 13 2,51
6 1,62 14 2,54
7 1,77 15 2,79
8 1,80 16 2,91

BucnoBku. B po60Ti npoaHanizoBaHO KOHCTPYKTUBHE PIIICHHS CTAJICBOTO KapKacy MPOEKTY
OyniBii BIJHOBJIEHHS TOPTiBeNbHO-0¢icHO-roTenbHOI OyniBmi B Mmicti IlaBnorpax. s anamizy
BHUKOPHCTOBYBABCSI METOJI CKIHUEHUX €JIEMEHTIB Ha 0a31 BITYUM3HSIHOTO MPOESKTHO-00YMCITIOBATTLHOTO
xomiuiekcy SCAD. BcraHoBieHo, 110 IpUKAHATI MEPBICHI Mepepi3u A KOJIOH 1 pUreniB OymiBii 3
MPOKaTHUX NTPO(UTB BIAMOBIAAIOTE BHMOTaM HECYYOi 3[aTHOCTI 3TiHO YHHHHX CTaHIapTiB
Vkpainu. HaiiOinpil HaBaHTa)KEHUMM BUSBIIIOTBCS KpaiiHI KOJIOHM Kapkacy, s SKHX
PEKOMEH/IOBaHO 3OUIBIIUTH TONEpPeYHU Tmepepi3. Takok PEKOMEHIOBAaHO 3aMIHTH IPOKATHI
Ipepi3u Ha 3BapHi 3 JIMCTOBOI rapsyeKaTraHoi cTaji, 110 MiABUIIEHb 3arajbHy HaAiIiHICTh BY3JIOBHX
3’€/IHaHb 1 BOIHOYAC CIPOCTUTH X KOHCTPYKTHBHE PillICHHS.

OTpumaHMii CHIEKTP BJIACHUX YAacCTOT KOJIMBaHb CTaJEBOIO KapKacy € JOBOJI HIUIBHUM, a
HIDKHI YaCTOTH 3HAXOAAThCSA B Alana3oHi 1o 5 ', mo € nebaxanum i moauad. HixHl dopmu
KOJIMBAaHb KapKacy BKJIIOYAIOTh B poOOTY IMOBHICTIO BCi HECYYl €JIEMEHTH, 10 JIEIIO0 3HUXKYE PIBEHb
aMIUTITY!l KOJIUBAaHb.
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EFFICIENT STEEL FRAME STRUCTURE
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Annotation. Currently, many buildings in Ukraine are affected by significant dynamic loads
associated with military operations on the territory of the country. In practice, this can lead to the
so-called progressive destruction, however, unlike static loads, shock-explosive loads require an
assessment of not only the mechanical characteristics of the building, but also an assessment of its
own dynamic characteristics. Such characteristics traditionally include the spectrum of natural
frequencies and the forms of oscillations corresponding to them. However, the assessment of
dynamic characteristics must be preceded by an assessment of the static performance of the
building.

Unfortunately, the specialized professional and reference literature lacks data on the dynamic
operation of most types of buildings, including multi-story buildings with a steel frame. Therefore,
such a task will be formulated and solved in the course of research. The obtained results of the static
analysis confirmed the correctness of the accepted cross-sections of the main load-bearing elements
of the steel frame of the building. The outermost columns of the frame were the most loaded, the
cross-sections of which were recommended to be increased. As additional recommendations, it was
proposed to replace rolled profiles with universal welded ones made of hot-rolled sheet steel. This
will simplify the construction of nodal connections of the frame, which, in turn, will increase the
level of its overall reliability. The dynamic analysis made it possible to reveal a rather dense
spectrum of the lower natural frequencies of the frame, which lie in the range of up to 5 Hz. The
corresponding lower forms of self-oscillations include the entire steel frame of the building in the
work, which helps to reduce the amplitudes of its oscillations.

Keywords: steel frame, multi-story public building, finite element method, design and
calculation complex SCAD
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