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HaBenena HOBa KOHCTpPYKIIisl Oy/iBIi, B SIKid 3aMiCTh TpaJAUIIITHOTO
MasTHUKOBOrO jaemidepa y BHUIVISLII MeTaneBoi Kyili BHKOPHUCTaHA
yacThHA OY[iBII, MiABiNIEHa MiXX JABOMa OCHOBHHMH OJIOKaMU OYIiBIi.
BukopucTtaHHs B SIKOCTI MasgTHHKOBOTO JeMIdepa 3amicTh MeTalleBOi
KyJIi T/IBIICHOIO YacTWHH OYAIBIi 3 OJHOrO OOKY 301JIbIIYE KOPUCHUI
o0'eM, a 3 iHImOro OOKy [O3BOJIIE BapifOBaTH Macor nemrdepa B
HEOOXITHUX pO3PaxyHKOM MeKax.

Existing systems for seismic insulation of buildings, as a rule, are
performed using damping devices, without connections, etc. At the same
time, dynamic efforts are still quite high. A very effective way to
dynamically protect a multi-stored building is to hang a massive
pendulum with a spring system. With the significant effectiveness of this
method of reducing the dynamic forces and vibrations of a building, this
method has several disadvantages. Instead of a dynamic damper in the
form of a metal ball, which significantly reduces the useful volume of
the building and increases the cost, the article proposed to hang up part
of the building, which is itself a pendulum damper and at the same time
increases the useful area. The design of the suspended part of the
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building can significantly reduce the amplitude of vibrations and
dynamic forces on the supporting structures of the building when an
earthquake is applied.

In such a constructive scheme an additional part consisting of one or
several floors is suspended between the main parts of the building. The
mass of the suspended part of the building is calculated. The
effectiveness of the proposed method is shown on the example of a
frame building consisting of two ten-story parts at the edges and apart
suspended between them consisting of five floors in an earthquake of 9
points.

It is shown that the maximum horizontal deviation from the vertical
in a building without additional suspended floors is twice as large as in a
building with five suspended floors. The use of the hanging part of the
building can reduce the dynamic efforts by half. The increase in the mass
of the suspended part of the building leads to a decrease in the amplitude
of the horizontal oscillations of the main parts. In buildings where a
metal ball is used as a pendulum, an increase in the mass of the
pendulum leads to an increase in the cost of the building and a decrease
in the useful area. In the proposed building, the mass of the pendulum
damper can be taken anywhere, which is selected by dynamic
calculation. In addition, this pendulum is part of the building and,
conversely, increases its usable area.

KirouoBi cioBa: MasTHHKOBHH nemridep, MiaBicHA OyIiBi,
3eMJIETPYC, JMHAMIYHI 3yCHILIS, aMILTITY/a, 4aCTOTa KOJIMBAaHb.

Keywords: pendulum damper, suspended building, earthquake,
dynamic forces, amplitude, oscillation frequency.

AHaJi3 gociaKeHb i mocTaHoBKa 3aga4i

BigomMo, 110 OCHOBHOIO 1 HAMOINBII HEOE3MEUHOI CKJIAJO0BOIO
3eMJIETPYCY € TOPU3OHTAIbHA CKJIafoBa. Y JWHAMIYHHMX PO3paxyHKax
TpaauLiiHuX OyniBeNb, SKI MPAIIOIOTh 32 KOHCOJIBHOI CXEMOI0, MacH
MOBEPXiB  30CEpPeIDKYIOThCss B piBHI  mepekpurtie  [1, 4, 10].
l'opuzoHTanbHI ceicMiYHI CHUIIM BiJl KOKHOTO MTOBEPXY, K B1IOMO, piBHI
MHOXEHHIO MacH Ha MPUCKOPEHHsI KOMUBAHHS I'pyHTY. [Ipu 1iboMy, 4uM
OlnpIIa KUTBKICTH MOBEPXiB Ma€ OYIiBISA, THM OUIBINI 3YCHIUIA OYIyTh
BUHHKATHU B piBHI 00pi3y QyHIaMEHTY.

IcHyroui cucremu ceiicMiuHOT 1307siii OyaiBenb, SK MPaBUIIO,
BHKOHYIOTBCS 13 3aCTOCYBaHHSAM ACMI(YIOUNX IPHUCTPOIB, B’A3iB, IO
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BUMUKAIOThCS Ta iH. [3, 5, 6, 7, 9, 11]. Ilpu nmpomy, ogHak, TuHAMIYHI
3yCHJUIL BCE OJHO 3aJIMINAIOThCA JOCHTh BHCOKMMH. Kpim Toro,
MEXaHi3MH TaKOTO CEMCMIYHOTO 3aXUCTY 00XOAATHCS JOCUTH IOPOTO.

Hocute  edekTHBHHM  CITOCOOOM  TUHAMIYHOTO  3aXHCTYy
0araTonoBepxoBOro OYAWHKY € MiJBIlIyBaHHS MAacHBHOTO MAasTHUKA 3
CHCTEMOIO MPYXUH (SIK, Hanpukia, B Oyaiemni Taipei 101 B Kurai). Ilpu
icTOTHIF e(eKTHBHOCTI Takoro cmoco0y 3MEHIIeHHS JHHAMIYHUX
3yCHIIb 1 KONMBaHb OyAiBimi, el crioci® Mae psim Hemomiki. Ilo-nepie,
BEJIMKHI MPOCTip BcepennHi OyaAiBIi 3alUIIA€THCS HE BUKOPUCTAHUM,
TOMY III0 MAacHBHHH MAasSTHHK BHWCHTh BCEpEIUHI OYIiBIi MPOTATOM
IEeKiTpKOX #oro moBepxiB. Ilo-mpyre, BapTicTh Marepialry MacHBHOTO
MasiTHUKa 30UIbIIy€e 3arajbHy BapTicTh OyniBmi. Ilo-Tpere, mis OimbIn
e()eKTUBHOrO TacCiHH] KOJMBaHb OYyIiBIi HEOOXITHO 301NBIICHHS Macu
MAasiTHUKA, a OT)KE, BApTOCTI, 1 B 3BI3KY 3 LIUM HOr0 Macy AOBOIUTHCS
00MEKyBaTH.

[TpornoHyBaMCsl KOHCTPYKTUBHI CXEMH, B SIKUX BUKOPHCTOBYBAIUCS
migBicHI ¢pyamamentd [ 1, 9]. OgHak, Taki KOHCTPYKTHUBHI CXEMH TakK i He
3HAWIUIM CBOIO IPAaKTUYHOTO 3acTocyBaHHA. [lpudumHM BigMOBH BiX
TaKUX PILICHb TaK 1 3aJIMIITMINACA HE 3'sCOBaHUMU. J[OCITIIXKEHHS aBTOPIB
miei crarri [1] mokazamm, MmO AWHAMIYHI 3yCcWIUIL B OYmIBIAX 3
MiABICHUMH (pyHIZaMEHTAMH BHSIBIIIMCS HaBiTh OIiNBIINMH, HIK B
OYIIBIISIX, SIKI TIPAIIOIOTh 32 KOHCOJIBHOT CXEMOI0.

Hocmimkenns aBTopiB  miei crarti [2, 8] mMOKa3ywTh, IO
MiBINTYBaHHS caMoi Oy[iBii Ha Hecydidl pami € e(heKTUBHUM METOIOM
0OpoTHOM 3 JWHAMIYHMMH 3YCHWJUIAMH, W0 BHHHUKAIOTh IIiJf 4ac
3eMJieTpycy abo BITPOBOrO HaBaHTaxeHHs. [Ipu 1bOMY cefcMiuHi
3yCHJUISL iCTOTHO 3HMXKYIOThcs. [lepeBarn Takoi KOHCTPYKIIii OYEeBHIHI.
OpHak, i Taka KOHCTPYKIIS Mae psi cBoix HemomikiB. Cepen mmx
HEJIOJIIKIB € CKJIQJHICTh apXiTeKTypHO-TU3aiHEPCHKHUX PIllIeHh HECy4oi
pamu, Ha sIKy TiaBilieHa OyaiBisl; HEOOXiIHICTD 3aXHCTy BiJ KOJUBAaHb
npu Aii BITPOBOrO HAaBaHTAKEHHS; JAOCHTH BEJIMKAa Maca KOHCTPYKLIl
HEeCcy4ol paMH, TOMY II[0 Bary MiJBiCHOI OY/iBIIi CIIPUIMAIOTH SIK KOJIOHH
(BepTHKaNbHI €eMEHTH) camol OYJiBli, TaK 1 KOJOHH HECy4YOi pamH.
[HmMMK  crioBaMHM, BEpPTHKaJbHI HABaHTAKEHHS CIPUHAMAIOTHCS JBa
pasy, 00 NPaKTUYHO BeAe MO0 JABOKPAaTHOrO 30UIbILIEHHS MAacH
BEPTUKAIbHUX HECYUUX €JIEMEHTIB.

VY 3BSI3KYy 3 BHUIIECKA3aHUM METOI0 Hi€i cTATTi € BIOCKOHAJICHHS
KOHCTPYKTHUBHOI CXEMHU MiABICHOT OY[iBNi, LI0 BpaxoBYy€ HENONIKU
ICHYIOUMX CXEM.
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BukJiageHHs1 0CHOBHOI0 MaTepiaty

SAx Oyno ckazaHO BHILE, MiJBIIIYBaHHS MAacHBHOTO MAasTHUKA
BcepenrHi OymiBIi Mae psia HEMOMIKIB. 3aMiCTh MasTHUKA, SIKAH IO CYTi
€ OamacToM, MPONOHYEThCS BUKOPHCTAHHS MasTHUKA Y BUIIIAIL TEBHOT
YacTUHHM TPHUMIIIEHb B KiJIbKa MOBEPXiB, fKI MiABIIIEHI ycepeauHi
OCHOBHOI OyniBini (puc. 1).

S

Puc. 1. Cxema OyaiBii, BcepeuHi sIKOT MiBIIIIEHA YaCTHHA JIOJaTKOBUX
MOBEPXiB

VY Takiii KOHCTPYKTHBHIN CXeMi Mi>k OCHOBHUMH YacCTUHAMH OyiBi
1 i 2 migBimeHa moJaTKOBA YacTHHA 3, IO CKJIAJAETHCSA 3 OIHOrO abo
JeKiIbKoX moBepxiB. YactuHa OyaiBni 3 migBilIyeThCsS 3a JTOTIOMOIOIO
TpociB 4 Ha depmi 5, siKa WAPHIPHO KPIMUTHCS 10 TpeOEHEBUX BY3IiB
Kapkaca ocHOBHOI wacTiHHU OyniBimi 1 1 2. Kpok gepMm B M03710BKHEOMY
HanpsMKy (NEpIeHAMKY/ISIPHO IUIOIMIMHI MaltoHKa 1) mig0upaeTbes
po3paxyHkoM. Maca miiBillIeHOT YaCTHHU 3 TiI0MPa€EThCs pO3PaXyHKOM.
ToOTo B 3aJIe)KHOCTI Bix HEOOXiAHOI ONTMMAJIBbHOI MAach MasTHUKA
BHU3HAYAEThCS HEOOXiJHA KIIBKICTh IIOBEPXIB IMIABIIMICHOT YaCTHHH
OyxiBm. Bigcrane Mik KoOJOHaMH B MiJBIIICHIH YaCTWMHU MOXe OyTH
piBHOIO BiAcTaHi MK KOJOHAMH B KpalHIX (OCHOBHHMX) YaCTHHAaX
OyxiBm, Moxxe OyTH OLIBIIOK a00 MEHINOK. BimcTaHp MiXK MiABIIIICHOIO
1 OCHOBHUMH YacTUHAMU MiIOMPAETHCS 3 YMOBU MOKIHUBOCTI KOJIMBAaHHS
ITiBIIIICHOT YaCTHHH ITiJ] 4ac 3eMJICTPYCY.
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JluHaMivHA pO3paxyHKOBa CXeMa TaKOi KOHCTPYKIli Ma€ BUTIISI,
MoKa3aHuil Ha puc. 2.

Puc. 2. JIlunamiuHa po3paxyHKOBa CXeMa MPOIIOHOBAHOI Oy IiBIIi

I'opu3oHTaNBHI CEHCMIYHI CHITH, IO AIFOTh HA KOHCTPYKIIIO OYIiBIi
BU3HAYAIOTHCS HACTYIIHUM YWHOM. 3YCHJUIS BiJl Mac B eleMeHTax
ocHOBHOT yacTuHHM (1103. 1 1 2 Ha puc. 1) BH3HAYAIOTHCS BiJIOMHMH
MeTozaMu OyniBenbHOI MexaHikd, Hampukian, 3a [10]. Ilortim
BU3HAYAETHCA TOPU30HTAIbHA JMHAMIYHA CHJIa B TOYIl MiABICY
MiABICHOT YaCTHUHM 3a MeToauKo0 [2, 8]. Llg cuia, sik BiIOMO, 3aJ1€XKHUTh
(mpu iHMIMX PIBHUX yMOBaX KOJHMBAaHHS IPYHTY) BiJl MacH MiABiMIeHOT
YaCTUHM, JOBKUHHU HUTKH MiJBICY 1 TOPU3OHTAIBHOI )KOPCTKOCTI paMH,
Ha SIKi{ miABilIeHa YacTHHA OYIiBIIi.

Jis momernieHHsl KOHCTPYKIIi 3aMiCTh CXEMH IMiJIBIIIyBaHHS Ha
¢depMi (11o3. 5 Ha puc. 1) MOXXHa MiABICUTH YacTUHY OyZiBIII Ha Tpocax,
SK ToKa3aHo Ha puc. 3. Ilpum npoMy 3amicTh AOCHTH MacuUBHOI (epmu
1mo3. 5 Ha puc. 1 OyayTh BUKOPHCTaHI TPOCH 103. 4 Ha puc. 3 1 po3mipKa
1mo3. 5 Ha puc. 3. MoXXHa TaKOX 3aCTOCYBaTH cXeMy 0e3 pO3MipKH 103, 5
Ha puc. 3.
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5

Puc. 3. Cxema migBinryBaHHs Oy/TiBJi Ha MMOXWIHX TPOCAX

B Takomy BUMagKy pos3mip Bif TOXHJIOrO PO3MIIIEHHS HHUTOK
(TpociB) mo3. 4 moBHHEH OyTH CHOPUHHATHH CaMHMH OCHOBHHMH
yactuHaMu OyxiBmi mo3 1 1 2. Cmig 3a3Ha4WTH, MO BiJ CXEMH
MIBINTYBaHHS MIABICHOT YaCTUHU OYMIBIII 3aJIeXkKaTh TUHAMIYHI 3yCHILIS.
Tak, mpu miABINIyBaHHI 32 CXEMOIO pHUC. 3 MPH TOPH30HTAIHLHOMY
KOJIMBaHHI OCHOBH BWHHKAIOTh BEPTHKAJIBHI CKIAJOBI JUHAMIYHUX
3yCHIIb, SIKI CKJIAJAIOThCS 13 3YCHWJUISIMH BiJ BIIACHOI Baru OymiBellb B
CTUCHYTHX KOJIOHaX 4YacTHH 1 1 2 1 B PO3TATHYTHX BEPTUKAJIBLHUX
eIEMEHTaX IMiABIMIEHOT YacTHMHU 3. BUWHHUKHEHHS BEPTHKAIBHHUX
CKJIaJIOBUX 3YCHIIb TIPU TOPU30HTAILHOMY KOJIMBAHHI BUJIHO 3 pUC. 4, Jie
HaBeJIeHa Je)OpMOBaHa cxema.

Puc. 4. Cxema aedopMyBaHHS CHCTEMH IPU TOPU30HTAILHOMY
KOJIMBaHHI
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[Ipu moBopoOTI HA KYT (0 HATKH MIiABICY CTpHXeHb | Ha puc. 4, M0
iMiTye miaBimeHny OyaiBmio (abo BEpXHIO TOPU3OHTAIBHY paMmy L€l
OymiBmi), mnpuitMae monoxkeHHs 2. [lpm mpoMy oaHa dYacTuHA
MiAHIMAETBCS 10 BEPTUKAII Ha BeMUUMHYy Ay;, a iHIIA 4YacTuUHA
ONyCKaeTbcs Ha BenuuuHy Ay,=-Ay;. Ilpu KonMBaHHI 3HaKH
BEPTUKAIGHUX TICPEMIIIEHh TIOCTIHHO 3MIiHIOIOTBCA. BiamosimHo
3MIHIOIOTBCS 1 HAIPSIMKHM BEPTUKATBHUX AUHAMIYHUX CHIL.

EdexTrBHICTS 3aIIPOTIOHOBAHOTO CIIOCO0Y MOKaKEMO Ha MPOCTOMY
npuknani. Hexail € yMOBHUMII KapkacHUH OyIWHOK, IO CKJIAJAETHCS 3
JIBOX JIECATHIIOBEPXOBUX YacTUH MO Kpasx (mo3. 1 i 2 Ha puc. 1), i
migBimenoi dactuHu (mo3. 3 Ha puc. 1), OO0 CKIAAaeThCs 3 M'ATH
noBepxiB. CiTka koJloH 6X6 M, BHCOTa MmoBepxy 3 M. Hexaii Takox
CyMapHe HaBaHTXEHHS Bi Barm KOHCTPYKIH 1 KOPHUCHOTO
HaBAHTAKCHHS HA MEPEKPUTTS] CTAaHOBUTH 10 kH/M%. Tomi Maca oxHOro
MoBepxy (30CepemKEHOr0 B AWHAMIUHIN cXeMi B PiBHI HEPEKPUTTS)
cknane 36 1. Komonwm i pureni kapkaciB maroTh repepiz 400x400 mm.
Hexaii ocHOBa KOJIMBAETHCS 110 3aKOHY Xo=a'Sin(p-t), ie a — aMmIuIiTy/a,
a p — Kpyrosa yacrora kKonuBaHHA IpyHTY. [Ipn mpomy a=0.036 wm,
p= 10 (mpubmM3HO BinMOBiTa€e 3eMieTpycCy B 9 OaiiB).

JuHamiuHa po3paxyHKOBa CXeMa HaBeleHa BHWIE Ha pHc. 2.
3MIHOI JIOBKMHU HHUTKH MiABICY 1 MacH MiABINIeHOi YacTHHU OymiBII
MOXKHA PEryJIrOBaTH YaCTOTH KOJUBaHb SIK MiJBINICHOI YaCTHHH, TaK i
OCHOBHUX (Hecyumx) dacTHH OyxiBni. KOHCTpyKmis 3 MiJBICHOIO
OyIiBJIEr0 Taka, M0 KOJWUBAHHS MiJBICHOI YaCTWHU 1 HECYYMX YaCTHH
BiJOYBAalOTBCS B MPOTHISKHUX (Pazax. TakuM YMHOM TOPH3OHTAIBHE
3yCHJUI BiJ KOJNMBaHHS MiJABICHOI YacTWHM 3MEHIIyE aHaJOTiuHi
3yCHJUISL B KpaifHiX yacTuHax OyaiBii. 3yCHIUIS 1 MepeMillieHHs] MOXYTh
OyTH BU3HAUCHI 3a JIONIOMOTOIO mporpam Tumy Ansys, Lira i T.m. s
CTPOLICHHS MOXKHA pO3paxyBaTH 0e3 3aCTOCYBaHHS IMPOrpaM OKPEMO
KOHCOJIEHY CXEeMY 32 BiJJOMUMH METOJIUKAMH PO3PaXyHKY (HAIPHUKIAI,
[9, 10]) i cxemy minBimeHoi OyniBii 3a METOOMKOI aBTOpiB [2, 8.
OTpuMaTi MaKCUMAaJTbHI TICPEMIIICHHS 1 BITHATH MTEPEeMIIICHHS KapKaca
Bil KOJMBaHHSA KpalHIX YaCcTHMH TIEPEMIIICHHS Bil KOJIHBaHHS
miABimeHoi YacTuHU. Po3paxyHOK 3 TaKuM MiJXOAOM IOKa3ye, IO HpU
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BUIICHABEICHUX JIAHUX AaMIUTITYM 1 YacTOTH KOJHMBaHHS TIPYHTY
MaKCUMaJbHEe TOPH30HTAJIbHE BIIXWIICHHS BiJI BepTUKami B OyniBmi O6e3
JIOMATKOBUX INABINICHUX ITOBEPXiB CTAHOBUTH Onm3bko 730 mMm. VY
OymiBmi X 3 I'AThMa MIJBIICHUMH TOBEPXaMU 1€ MaKCUMaJIbHE
BiJXUJIEHHS CTAaHOBUTH Osn3bK0 380 MM. SIKIII0 3k po3paxyBaTu OyaiBIIO
3 ciMOMa MOJAaTKOBHMH TMiABIMIEHWUMH IIOBEPXaMH, TO MaKCHMalbHE
BiIXWJIEHHS BepXy OyaiBii cknazne 315 mm.

Ha TakoMmy pyxke CHOpOIICHOMY TPUKIAAI MU TIOKa3alH, IIo
BUKOPHCTAHHS IiABIICHOI 4YacTWHU OymiBli, 10 € MAasSTHUKOBUM
nemrepoM i OCHOBHOI YAacTHHH, MOXE 3MEHIIMTH aMILTITYIdy
KOJIMBaHb (2, OTXKE, 1 AMHAMIYHI 3yCHUJUISA) B JIBa pa3u. 30LIBIICHHS MacH
MasTHUKOBOTO Jemrdepa MNpPU3BOAMTH O 3MEHIICHHS aMIUITyAd
TOPU30HTAIHHUX KOJMUBAHb OyMiBIi. Y OYHIBIAX, € B AKOCTI MasTHUKa
BUKOPUCTOBYIOTh METaleBy KyJro, 30iJbIICHHS MacH MasTHUKA
MPU3BOAUTE A0 30UIBIIEHHS BapTOCTiI OY[iBNi Ta 3MEHIICHHS KOPHUCHOT
Wiomi. A B 3alpONOHOBAHOMY MPHUMIIICHHI Macy MAasTHUKOBOTO
nemndepa MOXKHA ~OpuUAMaTH  OyIb-IKOI0, SKa  IIOUPAETHhCS
JUHAMIYHAM po3paxyHKoM. KpiM TOro Ied MasTHHK € 4YacTHHOIO
OymiBii i, HABMaKH, 301bIITy€e HOTO KOPHCHY TLIOMTY.

BucHoOBKH i nepcrneKTHBH 10CTiI:KeHb

3amMicTh JMHaMIiYHOTO Jemrdepa y BUIIIAAI METaleBOi Ky, SKHH
TPaJUIIHHO 3aCTOCOBYETHCS JJISl 3MEHIICHHS JUHAMIYHUX KOJMBAaHb 1
3yCHJIb, SIKUM CYTTEBO 3MEHIIYE KOPHCHHI 00'eM OyxiBmi 1 30iibInye
BapTiCTh, 3alPONIOHOBAHO IMiABINIYBaTH 4YacTUHY OymiBIi, sKa €
MasTHUKOBUM JIeMI(epoM 1 OJHOYACHO 3OUIBIIYE KOPUCHY ILIOILY.
KoHcTpyKIis miaBilieHOi YacTUHU OYy/IiBJI 103BOJISE 3HAYHO 3MEHIITUTH
aMILTITY/ly KOJUBAHHS 1 JIWHAMIYHI 3yCHWJIIS Ha HeCydl KOHCTPYKIil
OyaiBJIi IPH BIUIMBI 3€MIIETPYCY.

VY mnepcnekTHBi TmependadaeTbcs po3poOka KOHCTPYKIH By3IiB
MiBIIIICHOT Oy MiBIIi.
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