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Anortauis. [IpoexTyBanHs, OyTiBHHIITBO 1 €KC-
IoTyaraiist OyiBens B YKpaidi moB’ s13aHi 3 HE0OXi-
HICTIO BpaxyBaHHS JOAAaTKOBUX OCOOJIHMBUX HaBaH-
Ta)KEHb 1 BIUIHBIB, a cCaMe: CEUCMIYHHX, Y CKJIATHUX
IH)KEHEePHO-TEOJIOTIYHIX YMOBAX, Ha CIIA0KUX TPy-
HTax, HiIpoOJICHUX TEPUTOPISLX 1 IPOCIAaI0UNX Ipy-
HTax, a B yMOBax BiiiHu 3 Pociero mix yac pakeTHuX
1 apTunepiiickkux oocTpiniB i bombapryBaHb Hace-
JICHUX MyHKTIB — BIUIMBIB BiJl BHOYXiB, BHOYXOBHX
XBHJIb, PO3IMTOBCIOKEHHS MTOXKEK TOIIo [3].

Teputopis Ykpainu posramoBaHa Ha OKpaiHi
MOTY>XKHOTO A30pchKo-Cepen3eMHOMOPCHKO-ATb-
niliceko-TpaHca3iiicbKoro CeHCMOTEHHOTO MOosICY
IUTaHETH. YKpaiHa 3arajioM He HaJIEeXKHUTb 10 0C00-
JIUBO CEHCMIYHO HEOE3NMEeYHUX PETiOHIB IIAHETH.
Jlumre B Mexax TpboX ii paliOHIB BiMiu€HI Mallo-
i cepeaHboMarHiTyaHi (3...6 OamiB) 3eMieTpycCH:
VYkpainceki Kapmatu ta Kpumceki ropu, I[lpua-
30B’s. AJIe CITOCTEPEKEHHS 3a HACHiIKaMH YHC-
JICHHHUX 3eMJIETPYCiB MOKa3alli, IO B Pi3HUX Yac-
THHAaX OJHOTO CEHCMIYHOTrO pallOHy BOHHM 3HAYHO
BIIPI3HAIOTHCS 32 IHTEHCHUBHICTIO. Tak, iIHTEHCHB-
HICTB CTPYCY Ha OBEPXHI 3eMJIi Ha JUISHKAX i3 CH-
MKUMU IPYHTaMH € y 15 pa3iB OiIb11010, HIXK Ha Ji-
JSHKAX 13 CKeNbHUMH. TOMy IiJ 4yac NPOEKTY-
BaHHS OyAiBeNb 1 CIIOPY[ CJNiJT BpaXOBYBaTH 0CO0-
JIUBOCTI OyIBHUIITBA B CKJIAJIHUX 1HKEHEPHO-TEO-
JIOTIYHUX yMOBax TepuTopii VYkpainwm, sKi
TI0B’ sI3aHi 3 TOCIHPKCHHSAMU, IIPOEKTYBAHHIM 1 00-
JAIITYBaH-HSIM OCHOB i ()YHIaMEHTIB Ha CIIa0KUX
BOJOHACHYCHHUX, TJIMHUCTHX 1 3aTOPPOBaHHUX
IpyHTax, Topdax Ta iJ1ax, Ipocigardnx, Ha0psKa-
IOUUX, 3aCOJICHUX, 3AMMAIYMX Ta HEPIBHOMIPHO
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Yrpainu» [5]1 4PH B.1.1-45:2017 «bydisni i cno-
PYOU 8 CKAAOHUX [HHCEHEPHO-2e0/102IUHUX YMOBAX.
3aeanvri nonosicennsn» [6].

IIpoexTyBaHHS cydacHUX OyIiBelb B CeHcMid-
HUX pailoHaX PO3BHBAETHCS 32 JIBOMA HANpPSIMaMH,
SIKi BIJMOBIJIalOTh OCHOBHUM TPUHITUIIAM CEHCMO-
3aXUCTY, — TPAAUIIHHAMYU (TACUBHUMHU) 1 CTICITiaNb-
HUMU (akTUBHUMH). KOMIUIEKCHI cuctemMu ceicmo-
3axUCTy OyziBenb 00’ €IHYIOTh MACUBHY 1 aKTHBHY
CUCTEMHU.

3a TpamuLIHHOTO CEeWCMO3axXHCTy 3AiIHCHIO-
€ThCS 301IIBIIICHHS HECYU0]1 3/JTaTHOCTI OCHOBHHX He-
CyYuX KOHCTpYKIiil OyniBens (po3mipu moreped-
HUX Tepepi3iB, iX apMyBaHHsI, MiJCHJICHHS BY3JiB
CTUKYBaHb TOIIO) JJIsI CHPUAHATTS TOAaTKOBUX 3Y-
CHWJIb, BUKITMKAHUX CEHCMIYHUMU BIUTMBaMU. Xapa-
KTep poboTH OyniBedh MPH IIbOMY HE 3MIHIOETHCS.
CrierianbHi (aKTUBHI) 3aX0AM MOKpPAIICHHS CeHc-
MOCTIHKOCTI Oy[IiBeNb MOJIATAIOTh YV 3HIKEHHI Ha-
BAHTAKEHb 3a paxyHOK Momudikarliil ix muHamid-
HUX CXeM poOOTH. AKTUBHUI ceiicMo3axucT Oy -
BeJIb — I1¢ HOBUI HANIPSIMOK, SIKUH1 MOJIATAE B IIPOBE-
JIEHHI JOAATKOBHX KOHCTPYKTHBHHX 3aXOIIB IS
3armo0iraHHs HeOe3NeyHNX Pe30HAHCHUX KOJNMBAHb
i THM caMUM 3HH)KEHHS CeMCMIYHMX BIUIHBIB. BiH
JOCATAETHCS MIITXOM 3MiHM TUHAMIYHUX KOPCTKO-
cTeif a0o mepio/IiB BIaCHUX KOJTUBAHb OYiBENb IPH
3eMJIeTpycax y pe3yJibTaTi BUKOPUCTAaHHS CIelia-
JHHUX KOHCTPYKTUBHUX MPUCTPOIB: KOB3KHX TIO-
SICiB, 3BSI’3KIB, SIKI BKIIFOYAIOThCS a00 BHUKITIOYA-
FOThCsI, BCTAHOBJICHHSIM JIMHAMIYHUX TaCUTEIIIB KO-
JMBaHb, KIHEMAaTHYHUX 200 MaAlbOBUX (PYHIAMEH-
TiB, SIKI MalOTh JUCHUTIATHBHI XapaKTEPUCTUKH ca-
MOOpTaHi3allii, paMHO-B’3€BHX CHCTEM 13 CKIIaj-
HUMH JiadparmMamu *OpCTKOCTi, TyMOBO-CTaJIE€BUX
UWTHIPAYHUX OTIOP TOIIO.

B craTTi mpoananizoBaHi 0COOTUBOCTI IPOEKTY-
BaHHS CTAJECBUX CEHCMOCTIMKHX KOHCTPYKLIH BU-
coTHUX OyniBenb. JlocimimpkeHi cxeMu celcMoCTil-
KHX BHCOTHHUX OYIiBeNb i3 CTalleBUMH KapKacaMH.
OOrpyHTOBaHa JIOUIJBHICTE BUKOPUCTAHHS CTalie-
BHUX CHEProONOTIMHAIOYHX CJIEMEHTIB Ta MPEACTaB-
JIeH1 CXeMH 1X BCTAHOBJICHHS B CEHCMOCTIHKHX 0Y-
TBIISAX 13 CTAJICBUMH KapKacaMH.

Karouosi ciioBa. CraneBi KOHCTPYKIIii; BUCO-
THI OymiBIi; ceficMocTilike OymiBHHUIITBO; CXEMHU
KapKaciB; KOJIOHH; 0a3a KOJIOHH; pureni; nepdopo-
BaHi CTIHKHM; KOPCTKI 3’ €JHAHHS; CHEProNorinHa-
F0Ui eIIEMEHTH.

ITOCTAHOBKA ITPOBJIEMH

AHali3 HACHIAKIB YUCEIBHUX 3EeMJIETPYCIB
CBIAYUTH, IO CTaJeBl KOHCTPYKLIi MaloTh
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Kpalry CeHCMOCTIWKICTh Y IOPIBHSHHI 3 TPaJin-
iiHUMU Ta 3anmi3o0eTonnumu [1, 12, 15]. Ipu-
YUHAMU IHOTO €: BUCOKI XapaKTEPUCTUKH MIII-
HOCTI Ta INTACTUYHOCTI CTal, 1Kl 34aTHI HOTJIN-
HATH CHEPrito MpH iX poOOTI 32 MEKEI0 MPYK-
HOCTI; peajbHa MOXKIIUBICTh 3IYYHTH JI0 PO-
00TH MakCUMaJIbHUN 00’€M METally 3a MEXKEIO
Npy>KHOCTI 0€3 BTpaTH MILHOCTI Ta CTIHKOCTI
OCHOBHMX HECYYHMX €JIEMEHTIB; MOKJIMBICTb
BUTOTOBJISITU  CTalleBl Kapkacu Oy/b-sIKHX
KOHCTPYKTUBHUX (DOpM, IIO J03BOJISE 3MiHIO-
BaTH JUHAMIYHI XapaKTEPUCTHKH OyJiBenb 1
peryJitoBaTH CEHCMIYHI HABAHTAXKCHHSI.

[Tpu npoekTyBaHHI CEHCMOCTIHKHUX BUCOT-
HUX OyJiBelb JOUUIBHO BHKOPHUCTOBYBATH
CTaJIeBl KapKacH y BUIJIAJI IPOCTOPOBHUX CHUC-
TEM 3 HECYYHMMH PaMHUMH KapKacaMH y TO€/I-
HaHHI 3 AladparMamMu KOPCTKOCTEH 3 rpaTya-
CTUX KOHCTPYKIIH 13 cTaji abo 3ami300eToH-
HUX CTIHOK, a TaKOX Yy TO€JHAHHI 3 CTOBOY-
pamu xopcTKocTel [8, 14]. B takux OymiBisax
TOPU30HTAJIbHI CEHCMIUHI BIUIMBU 1 4acTHHA
BEPTHKAIIBHUX HABAaHTA)XXCHb CIIPUHMAIOTHCS
niadparmMaMu KOpCTKOCTeH a00 BHYTPILIHIMU
CTOBOypamMHu KOPCTKOCTEH, a 30BHINIHI KO-
JIOHU CIIPUIMAIOTh JIMIIE BEPTUKAJIbHI HaBaH-
Ta)KCHHS.

VY Bunmajkax 3aqy4yeHHs KOHCTPYKIIiH 30BHi-
IIHBOTO KapKaca Ha CIIPUHHATTS TOPU30HTAIb-
HUX CEMCMIYHMX 1 BITPOBUX HaBaHTaXXEHb
YTBOPIOETHCST 0O0JIOHKOBA MTPOCTOPOBA KOHCT-
pykTHUBHA cuctema «tube in tubey, sxa mae Be-
JIMKY TOPU30HTAJIbHY KOPCTKICTb 1 IIUPOKO BU-
KOPUCTOBYETHCS 3a KOPJIOHOM Ul 3BEICHHS
CEHCMOCTIMKMX BUCOTHHX OyaiBenb. 3ocepe-
JOKEHHSI OCHOBHOI MacH HECY4YMX KOHCTPYKIIIN
10 KOHTypy Oy/iBeslb MIABHILYE KOPCTKICTh
KapKaciB, THM CaMHUM 3MEHIIYye X aedopmaTh-
BHICTH 1 OJJHOYACHO TOKPAIIYIOTh poOOTy Kap-
KaciB Ha 3aKpydyBaHHA y LiIoMmy [4].

AHAJII3 ITOITEPEJHIX JOCIIIDKEHD

OCHOBHI IPUHITUITN KOHCTPYIOBAHHS CEHCMO-
CTIMKMX CTaJIeBUX KapKaciB BUCOTHHUX OYIiBEIb
[2, 3, 8, 10]: 1) xoncTpykTHBHI cXeMu KapKa-
CiB MOBHHHI MaTH CUMETpHUHi (hopmu 1 3a0e3-
MeYyBaTH BUHUKHCHHS MiHIMAJIbHUX TOPH30H-
TaJIbHUX CCHCMIYHMX HaBaHTAXXCHb ITiJ] Yac 3e-
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MJIETPYCIB, JIJIs1 4OTO HEOOX1JHO BUKOPHCTOBY-
BaTH JIETKi OTOpODKYBaJIbHI KOHCTPYKIIi Ta
KOHCTPYKIIii TEPEKPUTTIB; 2) Ipr BUOOP1 KOHC-
TPYKTUBHHX CXEM IlepeBary CiiJ BiIJaBaTu
cXeMmaM, y SKHMX 30HU IUIACTMYHOCTI BHUHHKA-
I0Th y TIEpIIy Yepry B 3B’s3KaX i B TOPU30HTA-
JBbHUX eJIEMEeHTaxX Kapkaca (pUresisix, KOHCTpy-
KIIAX TEpPEeKpUTTIB, OOB’sA3yBalbHUX Oankax
TOIIO); 3) PO3BUTOK IUIACTHYHMX Jedhopmariii
JIOMyCKA€ETHCS B eJIEMEHTaxX KapKaciB, sIKi Ipa-
LIOIOTh HA 3TMHAHHS a00 3CyBaHHS; 4) 1J1 KOH-
CTPYKIIIH KapkaciB, I10 MPaLOTh Y HPYKHO-
TJTACTUYHIN CTajlii, TOBUHHI 3aCTOCOBYBATHCS
MaJIOBYTJIELIEBl Ta HHU3bKOBYIJICLIEBI CTall 3
BIJIHOCHUM TIOJIOBKEeHHSIM He MeHIe 20 %; 5)
KOHCTPYKII{ KapKaciB, B IKUX Mepe0adaroTbes
PO3BHUTKH TUIACTHYHUX JePOpMaliif I 9ac 3e-
MJIETPYCIB, IOBUHHI MaTH KOHCTPYKTHBHI (ho-
pPMU, 11O BIJIPI3HAIOTHCS HU3BKUMU PIBHAMHU
KOHIIEHTpaLlli Hanpy»XeHb; 6) 00JacTi MIacTH-
yHUX jAedopmariiii moBuHHI OyTH BHUHECEHI i3

0

30H 3BapeHHUX 1 OONTOBHUX 3’€qHAHB; 7) CTHC-
HYTI KOHCTPYKIIii KapKaciB HOBUHHI OyTH 3aXH-
IICHI €HEPTOMOTINHAIOUYNMH €JIEMEHTaMH BiJ
MO>KJIUBUX TIEPEBAHTAXKEHb ITiJ1 4acC 3eMIICTPY-
ciB; 8) eHepromorjauHaKwul eJIeMEHTH HeoOXi-
JTHO YCTAHOBIIIOBATH B KOHCTPYKIIi1 BEPTHKAIIb-
HUX 3B’S3KIB MDK KOJIOHaMH; 9) KOHCTPYKIIii
KapKaciB MIOBUHHI MaTH BHCOKUI piBEHb peMO-
HTONPUIATHOCTI.

OCHOBHE JOCJIKEHHS

CraneBi KOJIOHM 0araTomoBEpPXOBUX CeiiC-
MOCTIHKMX KapKaciB paMHOro THIY CIij, SK
IIPAaBUJIO, IPOEKTYBATH 3aMKHYTOT0 (KOpoOua-
CTOro abo KpyrJjioro) nepepisiB 0AHAKOBO CTiii-
KHX BIJTHOCHO FOJIOBHUX OCEH 1HEPIIli, a KOJIOHU
paMHO-B’s13€BUX KapKaciB — JIBYTaBPOBOro abo
3aMKHYTOTro nepepizis (puc. 1).
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Puc. 1. [lepepizu cTaneBux KOJOH CEHCMOCTIHKUX KapKacHUX OyaiBesb:
a, 0, 6 — 1BOTaBpH (POKATHUH, 3BapeHUHl 3 IVIOCKOIO CTIHKOIO 1 3BapeHi 3 MONEPEYHO 1 M0310BXHBO

ropoBaHUMH CTIHKAMH);

0, e, € — TpyOUacTi (3 KyTOBOI CTaJli, 3 THyTHX IIIBEJIEPIB, 3 JINCTOBOI CTAJII)
Fig. 1. Sections of steel columns of earthquake-resistant frame buildings:
a, b, ¢ — I-beams (rolled, welded with a flat wall and welded with transversely and longitudinally

corrugated walls);

d, e, f—tubular (from angle steel, from bent channels, from sheet steel)

Pureni craneBmx KapkaciB, sIKi NpaIoOOTh
Ha 3TUHAHHS, CI1J POEKTYBATH, K MPABUIIO, 3
MPOKaTHUX a00 3BapHUX JIBOTaBpiB (puC. 2, q,

20

0). Puremni 3 momepeyHO-TOGPOBAaHUMHU CTiH-
KaMH MaroTh BHCOKY MAaJOIHKIOBY MIIHICTb,
TOMY J00pe CIPUIMArOTh CEHCMIYHI BIUTUBU
(puc. 2, 8). Oco0:11BO €(heKTUBHUMH € pUreni i3
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30HaMH PIBHOTO OIOpPY Ha AUISTHKAX MPUMU-
KaHb JI0 KOJIOH, TOMY III0 MalOTh BUCOKY 3/1aT-
HICTh TIOTJIMHATH CHEPTi0 CEHCMIYHUX BIUTMBIB
IiJ] 9ac 3eMyeTpyciB (puc. 3).

a 0 8

Puc. 2. [lepepi3u craneBux puresiB CECMOCTIHKIX KapKaCHUX OYIiBeIb:
a — IIPOKaTHUM IBOTABp;
0 — 3BapeHni ABOTaBP 3 Pi3HOIO MIMPHHOIO MTOJIMYOK;
6 — 3BApEHUIA IBOTABP 3 MTOIEPEIHO rO(PPOBAHOIO CTIHKOIO

Fig. 2. Sections of steel crossbars of earthquake-resistant frame buildings:
a—rolled I-beam;
b — welded I-beam with different shelf widths;
¢ —a welded I-beam with a transversely corrugated wall

< 30Ha pIBHOTO OMOpPY

¢ | 30Ha piexoroomopy | . |

30HA PiBHOTO OMOPY

a 9]
Puc. 3. Cranesi prreni 3 monepeyHo-roppoBaHUMH CTIHKAMHU CEHCMOCTIHKMX KapKacHHUX OyTiBEIb:
@ — 13 30HOIO PIBHOTO OTNOPY B HIKHBOMY I0SICI Ha TUTSIHKAX IMPUMUKaHb 0 KOJIOH;
0 — 13 30HaMH PIBHOTO OTIOPY B HW)KHBOMY 1 BEpXHBOMY TT0sICaX Ha IUITHKAX MPUMHUKAHB JI0 KOJIOH
Fig. 3. Steel crossbars with transversely corrugated walls of earthquake-resistant frame buildings:
a — with a zone of equal resistance in the lower belt in the areas of abutments to the columns;
b — with zones of equal resistance in the lower and upper belts in the areas of abutments to the columns

BignosigaapHUME eTeMEHTaAMU HECYYHX KOH-
CTPYKITI CEHCMOCTIMKUX OaraTornoBepXxo-BUX 3a0e3redyBaTi MiHIMaJIbHI PiBHI KOHIICHTpAIii
OyniBenb 3 paMHUMH KapKacaMu € BY3JIOBI 3 €]I- Harpy>xeHsb (puc. 4, 5).
HaHHS PUTENIB 3 KOJIOHAMH, SIKI TIOBUHHI

21
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Puc. 4. XXopcTki By3/u 3’€JHaHb PUTEITiB 3 KOJIOHAMH CEHCMOCTIHKUX OYZiBElb 13 CTAIeBUMH KapKacaMu:
a — 3BapeHUl;
6 — 3BapeHUH 13 301IBIIIEHOI0 BUCOTOIO PUTEIIS;
6 — OOJITOBUIA;
2 — 3BapHuil (KOJIOHA 3aMKHYTOTO TIepepizy)
Fig. 4. Rigid joints of crossbars with columns of earthquake-resistant buildings with steel frames:
a — welded;
b — welded with an increased height of the bolt;
¢ — bolted;
d — welded (column of closed section)

22
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Puc. 5. XKopctki By3nu 3’€THaHb pUTETIB 3 KOJIOHAMH CEHCMOCTIHKNX Oy IiBeJb 13 CTaJeBUMH KapKacaMu:
a — 3BapHAH (KOJIOHA 3aMKHYTOTO TIepepi3y 3 4-X JIUCTIB);

6 — 0oJiTOBMI (KOJIOHA TPYOUACTOTO TIEpepi3y)

Fig. 5. Rigid joints of crossbars with columns of earthquake-resistant buildings with steel frames: a - welded
(column of closed cross section made of 4 sheets); b — bolted (tubular section column)

B celicMocTiKkuX OymiBJISIX 13 CTaJeBUMH
paMHUMH KapKacaMu €HEepTroIoTv-HAIOYHMH
€JIEMEHTAMH €:

*  pureni, B SKUX IUIaCTU4HI aedopmartii
PO3BHBAIOTHCS Ha JIIJITHKAX OIS OMop MOsICiB
32 MEXaMH 3BapeHUX 3’€JlHaHb 3 KOJOHAMH.
Tomy mis 30iabIIEHHST 00’ €My MeTany, SKHi
MIPAIIOE 32 MEKAMH MPYIKHOCTI, B CEHCMOCTIi-
KX OyIiBISIX PEKOMEHIYEThCS CTBOPIOBATH B
MOsICaxX PUrelTiB 30HU PiBHOTO onopy (puc. 3);

* Y MICISIX PO3BHUTKY ILIACTUYHUX Ae(op-

MaIlliif 3BHCaHHS TMOSCIB HE TIOBUHHO TEPEBH-

0,25tf E
IIyBaTu —;
Ry

*  CTIHKM KOJIOH Y 30HaX paMHUX BY3IiB, B
SIKHX JIOITy CKA€ThCS PO3BUTOK 3CYBHHX IUIACTH-
yHUX Aedopmaniit. [Ipu iboMy 3ruHanbH1

23

MOMEHTH 1 HOPMaJIbHI CHIIH, SIKi IIFOTh B KO-
JIOHAX, CIIPUHUMAIOTHCS TOsICAaMU KOJIOH, a CTi-
HKH TPaLOIOTh JIUIIEe Ha 3cyBaHHs (puc. 4, q,
0, 8);

*  CTIHKH TpaBepc 0a3 KOJIOH, B SIKHX MO-
JKITMBUN PO3BUTOK IJIACTUYHHUX 3CYBHUX J1e(o-
pmarmiii mig gac 3emuserpyciB (puc. 6). Ilpu
IIbOMY BIJIHOIIIECHHSI BUCOTH CTIHKH JO ii TOB-

’ E )
IMHH HE TIOBUHHE NIEPEBUILYBATH |——. 301/1b-
y

IICHHS IOBKWHH TPAaBEPC KOJIOH 3HUXKYE TTOTIE-
pPEYHI CHJIM 1 IIJIOIIA TOTNEPEYHUX TMepepisiB
TpaBepc, MO MPU3BOAUTH JI0 30UTHIIICHHS TUTa-
CTHUYHHUX 3CYBHHX Aedopmarliii i mormuHaHHI
CeMCMIYHOI eHeprii.
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Puc. 6. basu koJ0H ceficMOCTIHKUX OyAiBeNb i3 CTAICBUMU KapKacaMH:

@ — TBOTaBpOBOTO TIEpepizy;
6 — TpyOJacToro nepepizy)

Fig. 6. Column bases of earthquake-resistant buildings with steel frames:

a — double section;
b — tubular section)

Jnst ceficMoCTifiKUX Oy 1iBEIb 13 CTaleBUMHU
kapkacamu BucoToro 10...20 moBepxiB peko-
MEHIYEThCS TPOEKTYBAaTH pPaMHI Ta paMHO-
B’s13eBi Kapkacu (puc. 7).

B OyxiBnsx Bucotoro 5...8 moBepxis (puc. 7,
@), IS 3HIDKEHHS 3TMHAIBHOT )KOPCTKOCTI KOH-
CTPYKIIiH, 3 METOK 3MCHIIICHHS TOPU30HTAIb-
HUX CEMCMIYHUX HABAHTAXKEHb, PEKOMEHIY-
€ThCSI BUKOHYBATH CTaJIeBl KapKacH i3 CTOBOY-
paMH JKOPCTKOCTI, SIKi MalOTh OJTHAKOBI Xapak-
TEPUCTHKH YKOPCTKOCTI B MOTEPEUYHOMY 1 103~
JOB)KHBOMY HampsiMKaX. Y TaKuX OYJiBIISX pH-
relli dKOPCTKO 3’ €THYIOTHCS 13 CTOBOYpaMu #ko-
PCTKOCTI Ta MIAPHIPHO 3 KOJIOHAMH.

B OyniBnsax Bucororo 10...12 moBepxiB pe-
KOMEH/IY€EThCS IOAaTKOBO BCTAHOBJIFOBATH ay-
TPUTePHi CHCTEMHU — KOPCTKI TPaBEPCH Yy BH-
sl pepM BHCOTOIO B OJMH TIOBEPX B OTHOMY

24

abo0 JIBOX pIBHSX 3a BUCOTOIO OyniBii (puc. 7,
8).

bynieni Bucotoro moHan 12 moBepxiB peko-
MEHIYETHCS TIPOEKTYBATH 3 PAMHUMH KapKa-
camH B 000x HanpsiMkax. [Tpu npomy B Oy TiBiIsIx
3 HIDKYAMHU KapKacaMH, B OKPEMHUX BHITaJIKaX,
JOITEHO MPOEKTYBATH BEPXHI MOBEPXH 3 MEH-
IIIOFO 3TMHAIBHOIO JKOPCTKICTIO (pHC. 7, 2).

PaMHiI cxemMH CEHCMOCTIHKHX CTaJIeBUX Kap-
KaciB 6araTornoBepxoBUX Oy/iBEb MOXYTh BH-
pilryBatucs B pi3HHX BapiaHTax. Po30uBka cTa-
JIeBUX paMHHX KapKaciB Ha BiNPaBHi €JIEMEHTH
MOXe OyTH TPaIUIIIHHOKO MOESJIEMEHTHOIO 3 KO-
JIOHAMH JIOBXKHHOIO 710 12 M abo 3 eneMeHTaMu
y BUIJIAII OJJHOTIOBEPXOBHX MOIMEPEYHUX PaM
rabapuTHUX PO3MIpiB BUTOTOBJICHUX Ha 3aBOJi
Ta MO3/IOBXKHIX IMMOSJICMEHTHUX PUTEIIIB.



.,r'r_\,.,r-. cd

F, - .

1

| §= v —

l fl—— |

! 1

1 1

I T

! 1

: 1
T

a 0

ISSN 2522-4182

6 2

Puc. 7. CxemMn ceiCMOCTIHKHX BUCOTHHX OYIIiBEJb 13 CTaJICBUMH PAMHIMH KapKacaMHu:
a — 13 CTOBOYpOM KOPCTKOCTI Ta MIAPHIPHUMHU 3’ €THAHHSIMH PHUTENIB 3 KOJIOHAMHU;
0 — Te came, 1 TOIaTKOBUMH ayTPUTEPHUMU CHCTEMaMH Y IBOX PiBHSIX;
6 — 3 paMHUM KapKacoM HIDKHIX ITOBEPXiB 1 paMHO-3B’I3KOBUM BEPXHIX ITOBEPXIB;
2 — 3 paMHHUMH KapKacaMH B 000X HaIpSMKaXx 3a BCIE€I0 BUCOTOIO
Fig. 7. Schemes of earthquake-resistant high-rise buildings with steel frame frames:
a — with a trunk of stiffness and hinged joints of crossbars with columns;
b — the same, and additional outrigger systems in two levels;
¢ — with a frame frame of the lower floors and a frame-link frame of the upper floors;
d - with frame frames in both directions along the entire height

BararonoBepxoBi ceificMocCTiiki OymiBmi i3
B’SI36BMH Ta PAMHO-B’SI3¢BMH CTaJICBUMH Ka-
pKacamu JJisl HaJaHHs OiIbIIO0] KOPCTKOCTI Ta
PEMOHTOTPUIATHOCTI TTICIIS 3eMJIETPYCIB JOIIi-
JHHO OCHAIyBaTH EHEPrONOTIMHAYAMH, SKi
BCTAHOBJIOIOTH y 3B’S3KaX MDK KOJIOHAMH
(puc. 8). Enepronornunayi 3a0e3meqyoTh BH-
COKY CEHCMOCTIHKICTh KapKacHUX OyiBelb,
3aXHIIAIOTh €JEMEHTH KapKaciB BiJ MIKOBUX
NepeBaHTaKEHb 1 PE30HAHCHUX SBUILL.

Oco0nmBO e(heKTUBHUMHU € paMHO-B’sI3€Bi
Kapkacu Oy[iBenb, B SKHX POJb MPY>KHOTO
s/Ipa BUKOHYIOTh paMU, a €HEPromoriinHayi pi-
3HUX KOHCTPYKILIH 3aXWIIAIOTh KapKacu Bix
pyHHYBaHb Mij yac MepeBaHTaXEeHb Ta MOTJIH-
HaIOTh CHEPril0 CEMCMIYHUX BIUIMBIB 32 paxy-
HOK TUIACTUYHOT poOOTH cTai.

25

B HeBHCOKMX CEHCMOCTIMKMX OyIiBISIX 13
CTaJICBUMH PaMHO-B’SI36BUMH KapKacaMH JUIs
3HMKEHHS JKOPCTKOCTI KapKaciB i, BiAMOBIIHO,
CEHCMIYHMX HABaHTAXCHb PEKOMEHIYEThCS
BCTAHOBJIIOBATH 3B’ SI3KH 3 €HEPrONOTIIMHAYAMHA
B OJIHOMY KpOIIi M)k KoJloHamu (puc. 8, a). Y
ORI BUCOKHMX OYMIBIISAX JUIS 301BIICHHS KO-
PCTKOCTI KapKaciB PAaIiOHAJILHO TEPEXO0IUTH
110 OLTBII PO3BUHYTHX CUCTEM YCTAHOBKH CHE-
PrOIOTJIMHAYIB Y 3B’ SI3KaX MK KOJIOHaMH (pHC.
8,0, 8, 2).
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Puc. 8. Cxemu ceficMOCTIHKUX Oy/iBesb 13 CTaJIEBUMH B’SI3¢BUMH 1 paMHO-B’I3¢6BUMH KapKacaMu:
a, 6 — pamMHO-3B’13Kk0Bi 3 eHepronormrHadaMu (EIT) i cToBOypoM »KOPCTKOCTI Tsl Oy TiBEITh BUCOTOIO

10 20 oBepxis;

6 — paMHO-B’si3eBHii 3 eHepronorauHadamu (EIT) mis Oyaisens BUCOTOIO 6...12 moBepXiB;
2 — paMHO-B’s13eBUii 3 eHepronoranHadamu (EIT) s Oyaisens Bucotoro monaxn 15 moepxis

Fig. 8. Schemes of earthquake-resistant buildings with steel connecting and frame-non-connecting frames:
a, b - elm frame with energy absorbers (EP) and a stiffening trunk for buildings up to 20 floors high;
¢ — frame-connecting with energy absorbers (EP) for buildings with a height of 6...12 floors;
d - frame-connecting with energy absorbers (EP) for buildings with a height of more than 15 floors

J11s1 BACOTHHUX CEHCMOCTIMKHX Oy/TiBENb BU-
COTOI0 TOHaA 25 TOBEpPXiB PEKOMEHAYETHCS
MPOEKTYBAaTH CTaJeBi MPOCTOPOBI KapKacu 3
pO3TallyBaHHSIM OCHOBHUX HECYYHMX KOHCTPY-
KIid mo mepumerpy OyniBenab abo cToBOypiB
KOPCTKOCTI — KOHCTPYKTUBHHX CHCTeM «tube
abo «tube in tubey (puc. 9).

Jlns 3a0e3reuyeHHs] BUCOKOI CEeHMCMOCTIMKO-
CTi Taki KOHCTPYKIIii OCHAIIy-FOThCSI €HEPTOIIO-
rmHaroYuMu npuctposmu (EIT), ski 3maTHi mo-
TJIMHATH BCIO €HEPTi0 CEHCMIUYHUX BIUTUBIB ITi]T
4ac 3eMJIETPYCIB.

Ha puc. 9, a naBenena kapkacHO-cTOBOypHa
cXeMa, SIKy PeKOMEHIY€ThCSl MPOEKTYBATH TSI
CeMCMOCTIMKHUX OyAiBelNb 13 CTaJICeBUMH KapKa-
caMH BHCOTOIO 110 73, 5M, a 3a OUIBIIIO] BUCOTH
— cuctemu «tube» abo «tube in tube» B pawm-
HoMmy (puc. 9, 6) abo B’s3eBOMYy BapiaHTax
(puc. 9, 6, 2).
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VY OyaiBisix 3 paMHUMH BapiaHTaMH 30BHIII-
HiX 00OJIOHOK KapKaciB €(eKTHBHICTH POOOTH
MOKpAIIy-€ThCs 13 3MEHIIEHHSM KPOKY MiX KO-
JOHaMU. [neanbHUMH, B TaKMX BHUMAJKaX, €
nepdopoBaHi craneBi 0OOJOHKHU 3 TPOpizaMu
JUTs BiKOH. J[71s1 BUCOTHUX Oy/iBenb i3 3B SI3KO-
BUMH BapiaHTaMHU 30BHIIIHIX 00OJIOHOK paIlio-
HaJIbHUMH € BEIMKOPO3MIpHI 3B’SI3KH XPECTO-
BOT'O THUITYy 3 KOJIOHAMH 1 PUTENISIMU JIBOTaBPO-
BUX miepepisiB (puc. 9, ). EdexkruBHUMU € Ta-
KO CTPHKHEBI 30BHIIITHI 000JIOHKH 3 TIEpexpe-
CHHMM PO3TAlIyBaHHSM EJIEMEHTIB, SIKi OJJHOYA-
CHO BUKOHYIOTB POJIb KOJIOH 1 3B’s13KiB (pHucC. 9,
2). B OyaiBisix 3 TaKUMU KOHCTPYKTUBHUMH Pi-
IICHHS POJIb CHEPrOMOTIMHAIOYNX EJICMEHTIB
BUKOHYIOTh BY3JI0BI €IEMEHTH KapKaciB 30BHi-
IIHIX 00OJIOHOK.
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Puc. 9. Cxemu ceiicMOCTIHKIX OyAiBEINb i3 CTAIEBUMHU CTOBOYPHUMH i 000JTOHKOBUMH KOHCTPYKTHBHUMHU-

CHCTEMAaMU.
@ — KapKacHO-CTOBOYpHA;
0 — 000JI0HKOBA «tubey;

6 — 000JIOHKOBA 3 BEJTMKOPO3MIPHUMH 3B’ SI3KaMU XPECTOBOTO THUITY;
2 — 000JI0HKOBAa NEPEXPCCHUM PO3-TalllyBaHHAM CTPUKHCBUX €JIEMEHTIB
Fig. 9. Schemes of earthquake-resistant buildings with steel trunk and shell structural systems:
a — frame-trunk; b — shell "tube"; c — membrane with large cross-type ligaments;
d - a shell with a cross-arrangement of rod elements

TakuMm 4MHOM, IIiJl Yac 3eMJIETPYCiB MeTa-
JeBi Kapkacu OyaAiBesb OTPUMYIOTh BU3HAUCHY
KUIBKICTh €Heprii CeHCMIYHMX BIUIMBIB, MpHU
LIOMY Y BUIIaJIKaX MPY>KHOi poOOTH Mailke Bes
€Hepris aKyMYJIIO€ThCSI KapKacaMy uepe3 Malli
Koe(illi€eHTH MOTJIMHAHb CTAJIEBUX E€JIEMEHTIB.
e mpu3BOIUTE IO PI3KOTO 301TBIIICHHS aMILTi-
Ty KOJIMBaHb OYJiBEJIb, OCOOJIMBO 3a CIiBIIA-
JIHHS YacTOT KOJHMBAaHb I'PYHTOBHUX OCHOB 3
BJIACHUMH KOJIMBAHHSAMU KapKaciB. Y 3B s3KY 3
UM 301IBIIYIOTECS 3yCHILIS B €JIEMEHTAaX Kap-
KaciB 1 MOXIMBE PYWHYBaHHS KOHCTPYKIIIM.
Oco06mBO HEOE3NIEUHUMH € TTIIKOBI IIepeBaHTa-
KEHHSI, K1 1HOJII TIEPEBUIIYIOTh PO3PaXyHKOBI
ceiicMiuHi y 2...3 pazu. CelicMiYHUN 3aXHCT
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HECYUYHX CTaJleBUX KOHCTPYKIIN OyJiBENb BiJl
PE30HAHCHUX 1 MIKOBUX MEpPEeBaHTaXXEHb (celc-
MIYHUX, BUOYXOBHUX TOIIO) € HEOOXiIHUMHU
yMOBaMHU JUisl 3a0€3Me4YeHHs X celicMOCTiHKO-
cti. Haltnpocrimne 31iiCHUTH ceiicCMO3aXHCT 3a
JIOTIOMOT 010 CHeliaIbHUX CTAJIeBHX €HEpro-
MOIJINHAIOYMX eJIEeMEHTIB, SKi BCTAHOBIIIOIOTh
B Kapkacax OymiBenb. BoHH cTaroTh 3amo0ix-
HUKaMH BiJl pyHHYBaHb HECYUNX KOHCTPYKIIN
y BUMAJKaX NMEepEeBUIEHb (PAKTUYHUX celcMiy-
HUX HAaBAaHTAKEHb MPUHHATHX TPU PO3paxyH-
Kax 3a JII0YUMH OyJiBeTbHUMH HOPMaMH 1
npasuiiamu JbH B.1.1-12:2014 «byoienuymeo y
celemiunux pationax Yepainuy [5].
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Po3po06iieHi TUTIM €eHepPronoTInHaYiB J03BO-
JSIFOTh TIOTJIMHYTH BCIO €HEPrilo CeHCMIUuHUX
BIUIMBIB, SIKa HAIXOIUTH 110 Oy/IiBEIb, 32 paxy-
HOK TUIaCTHYHOI poOOTH CTalli MPH 3HAKO3MIiH-
HUX UUKIIYHUX HaBaHTAXCHHIX. 3aBIsSKU
BOMY BHUKJIIOYAIOTHCS NEPEBAHTAKEHHS eJie-
MEHTIB HECY4YMX KOHCTPYKIIH 1 3a0e3medy-
€ThCS X HaJliiHA PoOOTA IMiJ Yac 3eMIIETPYCiB.
Kapkacu OyaiBesb ocHaIeHI €HeproJIoTInHa-
IOUYMMU €JIEMEHTaMU 3/1aTHI BUTPUMYBATu 0e3
pylHYBaHb HE MEHUIE JBOX 3€MJIETPYCIB pi3-
HUX IHTEHCUBHOCTEH.

EHepronornmmHarounMu  €JIeMEHTaMH  MO-
KYTb OyTHU SIK OKpEMi €IEMEHTH CTaJeBUX Kap-
KaciB Oy1iBeJb (pUreni, CTIHKA paMHUX BY3JIiB,

0a3u KOJIOH), TaK 1 CHeliajabHI €HepProIorin-
Haul. 3a XapakTepoM poOOTH 3a MEKaMU MPYK-
HOCTI CTaji €HEprooriinHadl MO>KHa PO3[li-
JUTHA HA JIBl TPYNU: CTUCHYTO-PO3TATHYTI, B
SKHUX MaTepiajl Ipalioe 3a MeXaMu IPYy>KHOCTI
Ha po3TATyBaHHS 1 ctuckanHs (puc.l0, a) Ta
3CyBHI, B SIKUX Matepiajl Mpaltoe Ha 3CyBaHHs
(puc. 10, 6). 3a 0ogHAKOBUX PiBHIB INIACTHYHUX
nedopmarliiii crajaeBi €HEpromorjiuHavl C3yB-
HUX THIIIB HOTVIMHAIOTH Ha 15% MmeHie eneprii
Ha OJIMHULIIO 00’ €My MaTepiay, 110 MpaIroe 3a
MEXaMU TPY>KHOCTI, Y MOPIBHSAHHI 13 CTUCHY-
TOPO3TATHYTUMH €HEpPronorinHauamMu. Auie
3CyBHI €HEepronorifuHayi MaiTh npocTinry ¢o-
pMy 1 J€IIEBI1 Y BUTOTOBJIEHHI.
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Puc. 10 Cxemu yCTaHOBKH €HEProNOTIIMHAYIB B CEHCMOCTIHKHUX OYJIIBIISAX 13 CTaJCBUMHU KapKacaMu:

@ — CTUCHYTO-PO3TATHYTI; O — 3CyBHI;

1 — GankoBuii; 2 — KinblLEeBUi; 3 — pamuwii; 4, 5 — y 3B’s13Kax; 6 — B 0a3i KOJIOH
Fig. 10 Schemes of installation of energy absorbers in earthquake-resistant buildings with steel frames:

a — compressed-stretched; b - shears;

1 —beam; 2 —ring; 3 — frame; 4, 5 — in connections; 6 - in the column base

BMUCHOBKMU I ITEPCIIEKTUBU
[HOAAJIBIINX JOCIIIIPKEHD

[Ipu mpoexTyBaHHI BHCOTHUX Oy[iBENb B
VYkpaiHi HeOoOXiJIHO BpaxOBYBaTH JIOJATKOBI
HAaBaHTaXXEHHsI IX EKCIulyaTalii B OCOOJIMBHX
yMOBax MiABUIIEHOT CEHMCMIUHOCTI, CKIAIHHUX
IH)KEHEPHO-TEOJIOTIYHIX YMOB, HaJA3BUYaHUX
CUTyallild BiJ MOXJIMBUX OOCTpiNiB 1 BUOYXIB
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Ta JOTPUMYBATHUCH JIFOYUX HOPM Ta KOHCTPYK-
THBHHMX PEKOMEH/IAIIIH, sIKI BIIOOpaXKeH1 y cIie-
iaJIbHIH JTiTepaTypi.

BucotHi OyaiBii i3 cTaJeBUMH KapKacaMH
Kpalle YMHATH OIip CEHCMOCTIUHUM 1 JUHAMIY-
HUM BIUTMBaM y TIOPIBHSHHI i3 3a/1i300€TOH-
HUMU KapKacamH.

JJisl 3aXHMCTy HECY4YMX KOHCTPYKIIIH BHCOT-
HUX OyJiBeJIb 13 CTAJICBUMU KapKacaMu BiJ pe-
30HAHCHUX CEHCMIYHUX 1 MOXKITUBUX YAApHUX 1



BHOYXOBHUX BIUIMBIB JOIIBHO BUKOPHCTOBY-
BaTH CIICliajbHI CTajeBl €HEPromorIMHAIY1
eJIeMEHTH (CTUCHYTO-PO3TATHYTI Ta 3CYBHI).
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FEATURES OF THE DESIGN OF
STEEL EARTHQUAKE-RESISTANT
STRUCTURES OF HIGH-RISE

BUILDINGS

Galyna GETUN, Iryna BEZKLUBENKO,
Andriy SOLOMIN, Vira KOLIAKOVA

Summary. The design, construction and opera-
tion of buildings in Ukraine is associated with the
need to take into account additional special loads
and impacts, namely: seismic, in complex en-gi-
neering and geological conditions, on weak soils,
artificial territories and subsidence soils, and in the
conditions of the war with Russia during missile and
artillery shelling and bom-bardment of populated
areas — effects from explosions, blast waves, spread
of fires, etc. [3].

The territory of Ukraine is located on the out-
skirts of the powerful Azores-Mediterranean-Al-
pine-Trans-Asian seismogenic belt of the planet. In
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general, Ukraine does not belong to particularly
seismically dangerous regions of the planet. Low-
and medium-magnitude (magnitude 3...6) earth-
quakes were recorded only within three of its re-
gions: the Ukrainian Carpathians and the Crimean
Moun-tains, the Azov region. But observations of
the consequences of numerous earthquakes have
shown that in different parts of the same seis-mic
area they differ significantly in intensity. Thus, the
intensity of the earthquake on the surface of the
earth in areas with loose soils is 15 times greater
than in areas with rocky ones. Therefore, during the
design of buildings and structures, one should take
into account the peculiarities of construction in the
complex engineering and geological conditions of
the territory of Ukraine, which are associated with
research, design and arrangement of bases and foun-
dations on weak water-saturated, clayey and peaty
soils, peat and silt, subsidence, swell-ing, saline,
swelling and unevenly compacted soils, loose sands
and floating karst and forged territories, taking into
account seismic and dy-namic action in compliance
with the require-ments of DBN B.1.1-12:2014
"Construction in seismic regions of Ukraine" [5]
and DBN V.1.1-45:2017 "Buildings and structures
in difficult engineering and geological conditions.
General Provisions” [6].

The design of modern buildings in seismic areas
is developing in two directions that corre-spond to
the main principles of seismic protec-tion - tradi-
tional (passive) and special (active). Complex sys-
tems of seismic protection of buildings combine
passive and active systems.

With traditional seismic protection, the load-
bearing capacity of the main load-bearing structures
of buildings is increased (the dimen-sions of cross-
sections, their reinforcement, strengthening of
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joints, etc.) to absorb addition-al forces caused by
seismic influences. At the same time, the nature of
the buildings does not change. Special (active)
measures to improve the seismic resistance of build-
ings consist in reducing loads due to modifications
of their dynamic work schemes. Active seismic pro-
tec-tion of buildings is a new direction, which con-
sists in the implementation of additional con-struc-
tive measures to prevent dangerous reso-nant oscil-
lations and thereby reduce seismic impacts. It is
achieved by changing the dynam-ic stiffness or pe-
riods of natural oscillations of buildings during
earthquakes as a result of the use of special struc-
tural devices: sliding belts, connections that can be
turned on or off, instal-lation of dynamic vibration
dampers, kinematic or pile foundations, which have
dissipative characteristics of self-organization,
frame-linking systems with complex stiffness dia-
phragms, rubber-steel cylindrical supports, etc.The
article analyzes the features of design-ing earth-
guake-resistant steel structures of high-rise build-
ings. The schemes of earthquake-resistant high-rise
buildings with steel frames were studied. The feasi-
bility of using steel en-ergy-absorbing elements is
substantiated and schemes for their installation in
earthquake-resistant buildings with steel frames are
pre-sented.

Keywords. Steel structures; tall buildings; earth-
quake-resistant construction; frame schemes; col-
umns; column base; bolts; perfo-rated walls; rigid
connections; energy absorbing elements.



