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3anponoHOBaHA MeETOJAUKA JMHAMIYHOTO PO3PaxXyHKy OyaiBJii, mepeKpuTTs
sikoi migBimeHi 10 Hecyuyoi pamu. BuBegeHo cucremy amndepeHmiaJbHHX
PiBHSIHb, pillICHHS SIKOI J03BOJIsI€ BU3HAYUTH HeBigomi nmepemimenns. Ilicias
BH3HA4YeHHS NepeMillleHb He CKJIAJHO BU3HAYNTH AMHAMIYHI 3ycHiIs, Ail0Un
Ha Hecy4i KOHCTPYKUIT OyaiBJIi.

A method of dynamic calculation of a multi-story building, the floors of which
are suspended from the supporting frame, is proposed. A system of
differential equations is derived, the solution of which allows determining
unknown displacements. After determining the displacements, the forces
acting on the supporting structures are easily determined. It is shown that in
the proposed building design, the use of Lagrange equations of the second
kind leads to rather cumbersome expressions. Therefore, a mixed method was
used to formulate the equations of motion. As unknown functions, the
horizontal displacements of the supporting frame at the level of each floor and
the angles of rotation of the threads on which the floors are suspended are
taken. The first group of differential equations is compiled using the force
method. The second group of equations is compiled using the d'Alembert
principle. At the same time, the condition of equilibrium of each mass (which
simulates one floor) is considered, which consists in the condition that the sum
of the moments of all forces, including the forces of inertia, relative to the
suspension point of each mass is equal to zero. This greatly simplified the
compilation of the system of differential equations. It is shown that if in a
particular case, a one-story frame is considered, then the system of equations
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completely coincides with the system obtained earlier by the author of the
article using the Lagrange equations of the second kind. This proves the
correctness of the adopted approach to the compilation of a system of
differential equations. On the example of a one-story building, it is shown that
the dynamic forces from seismic effects for the proposed building are
significantly less than those in traditional buildings operating in a cantilever
arrangement. As one of the variants, a building scheme is also proposed, in
which part of the floors is rigidly fixed according to the traditional scheme,
and part is suspended. It is also shown that when determining the forces from
seismic effects, it is necessary to consider in the aggregate both the
acceleration of the ground vibration and its amplitude since dynamic efforts
depend on the ratio of these factors.

Kuarouosi cioBa: mifgBimennii OyaIuHOK, ceiicMiuHa Oe3MeKka, TMHAMITHI CHJIH,
YMOBH piBHOBary, npuHIuN /lanambepa
suspendedbuilding,  seismicsafety,  dynamicforces, equilibriumconditions,
d'Alembers principle

AHaJji3 gocaimkeHb i mocraHoBka 3ajgadvi. BijzoMo, 1m0 OCHOBHOIO i
HaOLIPII HEOE3MEeYHO CKIIAJIOBOI0 3€MIIETPYCY € TOPU3OHTalbHA CKJIaloBa. Y
pO3paxyHKax TpaauLiiHUX OyIiBeJib MacH TOBEpPXiB 30CEPEIKYIOTHCS B PiBHI
nepekputTiB [3]. ['opu30oHTANBHI AMHAMIYHI CHIIA BiJ] MacHl KOKHOTO TIOBEPXY, SIK
BIIOMO, pIiBHI JOOYTKY MacH Ha IPUCKOPEHHsS KONMBaHHA Iiiel Macu. Lle
NPUCKOPEHHSI  CKJIAaJaeTbcss 3 TPUCKOPEHHS KONMBaHHSA  (QyHOaMeHTy i
MPUCKOpPEHH: Bix aedopMariii camoi Oy TiBIii.

CeiicmiuHa i307sMist Oy[iBenb, SIK MPABWIIO, BUKOHYETHCA 3 3aCTOCYBAHHAM
nemidepis abo B'si3eld, ki BUMHKAOTHCA [1, 2]. Sk BiZOMO, OCHOBHA i/1€s1 TAKKX
CHUCTEM I0Jisirae B ToMy [4, 5], 110 eJIeMEHT, SIKUii BUMHKAETHCS, TPUKPITLUIIOETHCS
JKOPCTKO JI0 B'A3€BHX €JEMEHTIB 1 JI0 OCHOBHOI HECy4oi KOHCTPYKIIi,
3a0€3MeuyIOYr JKOPCTKUN 3B'SI30K BEPXHIX IMOBEPXIiB 1 (PyHIAMEHTY J0 ICBHUX
BEJIMYMH CEHCMIYHOTO HaBaHTaKeHHs. [liciisi MEpeBHINEHHS IHUX TIPaHHYHUX
BEJIMYMH eJIeMEHT pyHHyeThcs. OJHAK, BEIMYMHA TAaKUX TPAHUYHHUX 3HAYCHb
JOCUTH CKJIAJHO MiJa€eThesa po3paxyHKy. CeilcMiuHiI 3yCcHiuis 3HIKYIOThCA, alie
3aJIMIIAI0THCS TIPU [IbOMY JTOCUTh BEJTMKHMHU.

Y poborax aBropiB 1€l crarti [6, 8] 3ampomoHOBaHAa KOHCTPYKIS 1
pO3paxyHOK IMiaBICHOT OYmiBII, IO BiIPi3HAETHCS ICTOTHUM 3HIKCHHSM 3YCHJIb B
HECYYMX KOHCTPYKLiAX. Ll KOHCTpyKTHBHa cxeMa € HOBOIO 1 morpedye
BIIOCKOHAJICHHSI METOIB PO3paxyHKY ii eIEMEHTIB Ha BHUITaI0OK 0araTOMmoBEpXOBOi
OyIiBIi, a TAaKOX IOPIBHAUIBHOTO aHaNi3y 3yCHJIb B TPAAHULIMHUX OYIIBIAX 1
MHiIBICHUX.

VY 3B'I3Ky 31 CKazaHHMM MeTOI0 Wi€i cTaTTi € BIOCKOHAJCHHS KOHCTPYKIIii
HEeCy4oi paMu MiJBICHUX OyaiBenb i po3poOKa MPHUHIUIIB PO3PAXYHKY HECYUHX
KOHCTPYKIIii 6araToroBepXoBUX Oy IiBeIb.

155



BuxanenHst o0cHOBHOTO MaTepiaJjy.

IIpu posrmsai minBicHOi OyniBii SK CHCTEMH 3 OJHi€I0 ab0 JABOMA MacaMu
3pYYHO BHUKOPHUCTOBYBAaTH piBHSHHSA Jlarpamxka napyroro poxy [6, 8]. Husa
0araToMacoBHUX CHUCTEM BHKOPHCTaHHS [UX PIBHSHb CTA€ JIOCHTh TPOMI3JIKHM.
Tomy s  po3paxyHKy TakKhX CHCTEM  CKOPHCTAEMOCS  METOAMKOIO,
3anpornoHoBaHoi B [7], e BUKopucTanuil npuHIun J[anamdepa CrijibHO 3 METOJIOM
CHIL.

Hexaii € kapkac Oy[iBii, B SKOMY IEPEKPUTTS KOKHOI'O IMOBEPXY IiIBIIICHI HA
OKpeMUX MiJBickax. J[mHaMiuHa po3paxyHKOBa cXxema Takoro OyauHKY Oyne MaTu
BUTJISA], TOKAa3aHUI Ha puC. 1.

Z

44(1)

A4(1)

Xp

7 1 — — 7 -
e oy b2

a a

Puc. 1. JlunamiuHa po3paxyHKOBa cxeMa OymHiBIIi 3 MiBICHUMHU EPEKPUTTIMH

Hexait € N moBepxiB, sKi miABiMIeH] 10 Hecywoi pamu. Hexail Takox 3amaHo
KOJIMBaHHs oOImopu (MOBEpXHI 3eMili) 3a OyIb-sSKMM 3aKOHOM (HAIpHKIIAn, 3a
3akoHOM Xp=a-Sin(p-t)), me a - aMIuTiTy1a KOJNnBaHb, P - Kpyrosa 4acrora, t - gac.
B pe3yibTati KOJMBaHHS B KOXKHIN Maci M; BUHUKaTHMe cuiia inepmii Fi. [Tpudomy
s cuia TMpUKIazeHa i o camoi Macu, 1 (3a mpunHuunoMm [lamamGepa) 10 TOUKHU
migBicy macu. Ilepemimennss A; B TOdIli MiABICY KOXHOI I-TOi Macu OymyTh
3anekatd 1 Big cuad Fi, 1 Big ycix cun Fy (K=1...n), nOpuKiIagcHUX BHIIE 1 HAXKYE
naHoi Touku. ToJil mepemitieHHst A BIZIIIOBITHO JI0 paBuIia OyAiBeIbHOI MEXaHIKU
3 BU3HAYCHHS ITepeMilleHs [3] fopiBHIOBaTHME:!

Ai = 5i,1Fl +5i,2F2 +"'+5i,iFi +---+5i,n Fn 1)

ne Jix — TEepeMIllleHHs B TOUYIIBIA OJMHUYHOI CHIIM, SIKA TPHKIAJCHA B
touirik.Cuna inepuiiF;, mpukiaacHa 10 KOKHOI MAcH, K BiJOMO, JOPiBHIOE:

Fi =mw; (2
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ne W; — mpucKopeHHs Mmacu M. Lle mpuckopeHHs BU3HAUYAEThCS SK Jpyra
MOXi/IHA 3a YacoM BiJ TMOBHOTO TEpEeMilleHHsS MacH M; (B HAIIOMY BHIAJKY B
HanpssMKy oci X). [loBHe mepemillleHHS Mach M; CKIaJa€ThCs 3 TMEPEeMIIICHHS
¢ynnamenty Xp, HEepeMilleHHS BiX 3THHY KOHCosmi A 1 MepeMilleHHS Bix
BIJIXWJICHHS BiJ BEPTHKAJII HUTKH, HA Kl miaBimeHa Maca M;. Tomi mpuckopeHHs
i-Tili Macu BU3HAYUTHCS 38 (HPOPMYJIOHO:

Wi = X(;I +A|i| +|i(Sin gDi)” (3)

Jie IBOMa BEPTUKAJILHUMHU PUCKaMU 3BEpXy MO3Ha4YeHa JApyra I0XiJHa 32 4acoM

[MincTapnsroun (3) i (2) B Bupa3 (1) i npuBiBIIMA MOIIOHI, OTPUMAEMO THITOBHIMA
PAIOK cucTeMu audepeHIliaTbHUX PiBHIHb:

Ai = (5i1m1 +...+5iimi +...+5inmn )X(I)I +5i1m1A!|_l +
+SiomyA L+ smAl + L s,mnaAll - sy ml (sing )" + @)

+ o+ omili(sing )" + ...+ 5,m, 1 (sing,, )"
Cucrema (4) mMictuTh N qudepeHialbHuX piBHSAHBb. OTHAK YKCIO HEBIIOMHUX
(hysKIii 1opiBHIOE 2:N. BincyTHIO rpymy piBHSHb OTPUMAEMO, BUKOPHCTOBYIOUH
npunnun Jlanambepa. J[is 1bOro pO3MIITHEMO pPIBHOBAry KOXHOI i-TOT Macu

(puc.2).

s

Puc. 2. Cxema 1uHaMi4HOI piBHOBAr# i-toi Macu
Ha posrssnyTy Macy mj fi€ cuia HaTAry HUTKH miaBicy N;, cuma TsOHkiHHA M;g,
cuIia iHepIii B TOPU30HTAIILHOMY HampsMKy Fy; i crma inepmii B BEpTHKaJIEHOMY
HanpsIMKy F,i. 3 piBHSAHHS PIBHOCTI CYMH MOMEHTIB BITHOCHO TOYKH miaBicy O,
JIETKO OTPUMAaTH:

migliSin(Di —inliCOS(pi +in|i5in¢i =0 5)
IMigcrasasiroun B (5) Bupasu (2) 3 BpaxyBaHusM (3), ckopouyroum Ha lim;,
OTPUMAEMO:

Al cosg; +1; cosg; (sing; )" +1; sing; (cos ;)" ~ 6
—g-sing; +cosg; Xy =0
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KinpkicTh piBHSIHB (6) TaK0X AOPIBHIOE N, TOMY IO IIi PIBHSAHHS CKJIAJAIOTHCA
JUTSE BCIX N Mac cucteMu. TakuMm gmHOM, cucTeMa piBHAHB (4) i (6) € CHCTeMOIo
JudepeHIiialbHIX PIBHIHD JUIS BU3HAYCHHS BCiX HeBimomux ¢GyHkiii Ai(t)Tae;(t)
(i=1...n). YncenbHe pimeHHs wiei cucteMu qu)epeHIiadbHUX PIBHSAHb B IPUHIIAII
HE BUKJIIUKAE TPYIHOIIIB.

3ayBakuMo, 110 y piBHsSHHI (1) (BiAMOBIAHO 1y cucTeMi (4)) HE € IPUCYTHHOIO
BepTUKaNbHa cKaanoBa Fjcumu ivepuii. Ile mnos’s3ano 3 QakToM, mo Ha
TOPU3OHTANIbHI MepeMileHHs Aj(auB. puc. 1) s cuia He BIUIMBAE. A y PiBHAHHI
(5) € mpucyTHIMH 1 BepTHUKaJIbHA, 1 TOPU30HTAIbHA CHIIU 1HEPIIii.

BpaxyBaHHS BepTHKaIbHOI CKIAJ0BOI CWJIM IHEPIl HE MPU3BOIUTH [0
30UTBIICHHS YMcia (DYHKIIOHAJIBHUX HEBIIOMHX, TOMY IO BEpTHKajIbHA CHJIA
inepuii F,;(t) Takox 3anexuTth B HeBimomMoro kyta ¢; (t).

SIKIIO PO3TISIHYTH OJHOTIOBEPXOBY OYJIBIIO, TO crcTeMa piBHsAHBL (4) Ta (6)
OyJne MaTH BHUTJISI:

I 1 1R 2. o B
(mA" +m,le COS(p—m2|((0 ) sing—mp*“a-sin pt+kx =0 -
A" cosp+1-9" —a-p?sinpt-cosp+g-sing =0

Je M=m;+m,; K — koediieHT )KOPCTKOCTI CTIHKN (KOHCOTI).

Cuctema (7) IMOBHICTIO CHIBIIAJA€ 3 CHUCTEMOIO PIiBHSAHB, SIKA OTPHUMaHa 3
3aCTOCYBaHHsIM piBHsIHB Jlarpamka japyroro poxy [6, 8], mo € miarBepmKeHHIM
MIPABIIBHOCTI 3aIIPOMIOHOBAHOTO Y IIiHf CTaTTI METOTy PO3PAXYHKY.

PosrisiHeMoO Tenep pi3HULIO 3yCHib Y OyZIiBIsA 32 KOHCOJIBHOIO (TpaIuLiiHOIO)
CXeMOI0 Ta OyJiBiIi 3 MiABINIEHUM NEPEeKPHUTTSAM Ha NPHUKIAJl OZHOIIOBEPXOBOTO
OyauHKy./lnHaMiuHI po3paxyHKOBI cXxeMHu 1o 000X BapiaHTax HaBEJCHI Ha puC. 3.

PospaxyHok 3a cxemoro puc. 3, a 3AIICHEHO 3 PIlIEHHS CUCTEMU PiBHIHB (7),
PO3paxyHOK 3a CXEMOIO puC. 3,0 — 32 BiIOMHM METOJOM OYIiBEJIbEHOT MEXaHIKH
[3]. B cxemi 3a puc. 3, a cymapHa Maca MEpEKPUTTS MpO3aiieHa HA My— Macy
KOHCTPYKILIH, Ha AKHX Ii/ABIIIEHE MEPEeKPUTTA, Ta Ha Macy M,— BJIAacHE CaMOro
nepekputTsa. B cxemi 3a puc. 3,0 BcA Maca MEpEeKpUTTS 30CepeKeHa B KiHII
KOHCOJII: M=my+m,.

m = Ms+m.
a) i o) ‘
&
<
ngv Xo Xo Xo
— — e ——-— — -
/

Puc. 3. JIlunaMigHi po3paxyHKOBI CXeMH JIJIsl OTHOTIOBEPXOBO1 Oy IiBIIi.
a) — 3 MiJBIMIEHNM TIEPEKPUTTAM; 0) — KOHCOJIbHA (TpaauIliiiHa) cxema

B rtabmuni 1 HaBeAeHO pe3yNbTaTH IOPIBHSJIBHOTO PO3PaXyHKY IpH
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BapilOBaHHI BEIMYMH Mach Mp Ta My, TOBXHHU HUTKU MiABICY Mepekputrts | Ta
YKOPCTKOCTI CTIHKI(yMOBHHI MPAMOKYTHHU# miepepi3 bxh), Bucora sikoi hynpwuiinsita
piBHOIO 3 M. AMIUTITYZa KOJIMBaHb OCHOBH mpuitHiaTa a=0.036 M, KpyroBa 4actoTa
p=14.4 pan/c.

Tabmums 1
[TopiBHSIHHS CHJI 1HEPIIii 1)1 OJHOIIOBEPXOBOI OYIIBII
Ne bxh my (kr) | my (xr) | | (m) MakcumanbHa —cuiia
(mMm) inepuii F (xH)
IMigsicua | Koncons- | Fi/F,
cxema F, | Ha cxema
Fy
1 400x400 | 2000 2000 1 21,4 47 2,19
2 400x400 | 10 3990 1 6,85 47 6,86
3 560x560 | 100 17900 |1 30,7 222 7,23
4 560x560 | 100 17900 | 0,5 47,6 222 4,66
5 560x560 | 6400 18000 | 0,5 97,2 222 2,28
6 560x560 | 6400 36000 | 0,5 137 619 4,52
a=0.012m; p=17.3 pan/c
7 560x560 | 6400 18000 | 0,5 52,8 4115 7,79
8 560x560 | 6400 18000 | 0,25 58,7 4115 7,01

3 rtabmumi 1 MoxHAa OauWTH, IO B CHCTEMI 3 MIABIIICHHM IEPEKPUTTIM
3yCHJUIA B JCKUTbKA pa3iB MEHI HiXK 3yCHWJIIS B KOHCOJBHIN CXeMi, 1[0 TOBOPHTH
PO CYTTEBI NIEpEBaru 3alpONIOHOBAHOT KOHCTPYKTHBHOT CXEMH.

Benmnumnaa ammmityau konmwBanb a=0.036 M mpuitHsTa 3a manmmu [9] K
CepelHe 3HA4YeHHS NI 3eMileTpycy B 9 OaiiB. A 9acToTa KOJHMBaHb NPHUIHATA 3
YMOBH MaKCHMaJIbHOTO MPUCKOPEHHS IS 3eMJIETPYCY Takoi >K 1HTCHCHUBHOCTI.
Crnix 3a3HauMTH, OO0 NMPH OAHOMY i TOMY > 3HAYEHHI NMPUCKOPEHHS YacToTa
KOJMMBaHb Oyae 3MIHIOBATHUCS B 3alCKHOCTI Bi MNPUUHATOT MaKCHMATbHOI
ammtityu. Lle BUHO 3 BHpasy mpHCKOpeHHs W=a-p>-sin(p-t), 3Biakm He BakKo
OTPUMATH 4YaCTOTY, BiANOBiZHYy MakcumyMmy npuckoperns p=(w/a)™?. Jius
CHCTEMH 3 TiJBIIICHUMHU MEPEKPUTTAMH LeH PakT Mae BaKIMBE 3HAUCHHS, 1 TOMY
Taki OyniBimi MOBMHHI OyTH pO3paxoBaHI Ha pi3HE TOEAHAHHS MPHUCKOPEHB,
aMIUTITY] 1 9acToT. Tak, mpy OJHAKOBIH BETMYMHI NMPUCKOPEHHS W UMM Oiiblie
BEJTMYMHA aMIUTITYAX & 3 BIAMOBIIHUM 3MCHIICHHSM YacTOTH P, cuia iHeprii F
30inbmryethes. Lleit ¢akr minTBepmkye cnocrepeskenns [10], ge nmokaszaHo, 110 He
TUTBKM BEJTMYMHA TPUCKOPEHHS BIUIMBAE HA PYHHIBHI BIACTHBOCTI 3€MJIETPYCIB.
Tax, B [10] mokazaHo, 110 Py OJTHOMY 3 3eMJIETPYCiB MPUCKOPEHHS IPYHTY CSTallo
418 cM/c?, alme NOLIKOMKEHHS CIOPYH OyiH MOMIDHHMH, | HABIAKW, BiZoMi
BUTIAJIKM CWIBHHUX pPYHHYBaHb TIPH BiJJHOCHO HEBEIHWKHX TPUCKOPEHHSX. Y
3alpoIOHOBaHIM  cxemi OyJWHKY MOXHa MiIiOpaTd Taki mapaMmeTpu
CHIBBIJHOIIEHHS Mac, *KOPCTKOCTEH Ta iH., 00 OTpUMAaTH MiHIMaJIbHI CymapHi
3HAYeHHS CEHCMIYHHX CHJL.
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Moyke OyTH 3ampoIlOHOBaHAa TaKOXX CXeMa, KOJHM OJHI TOBepXHW OymiBimi
(cropynn) miABimeHi, a iHII - )XOPCTKO IMOB'sI3aHi 3 HECy4oro pamoro. Taka cxema
MO)ke OyTH OUTBINT €(PEKTUBHOIO 3 TOYKH 30PY CEHCMIYHOI 3aXHCTy, MPOTE I
eeKTUBHICTh Mae OyTH MepeBipeHa YuceabHO. [JuHamMiuHa po3paxyHKOBa cXeMa B
TAaKOMY BUNAJIKy (Ha MPHUKIaAl YOTUPUIIOBEPXOBOi Oy[iBii) Oyde MaTH BUTJIAL,
HpeACTaBICHUH Ha puc. 4.

KinpkicTh HEBiIOMHUX B [IWHAMIYHIM cXemi, $Ka I[OKa3aHa Ha puc. 4,
nopiBHroBatuMe (2:m+k)<2:n, me M - 4YHCIO MIBINIEHUX IEPEKPHUTTIB, K -
KIJIBKICTH JKOPCTKO 3aKpPIMJICHUX MEPEKPHUTTIB, N - 3arajbHa KUTbKICTh MEPEKPUTTIB
(ximpkicte  moBepxiB). | cyTh po3paxyHky Oynme aOCOJIOTHO aHajoriyHa
MPE/ICTaBIICHIH BUIIIE METO/IHIII.

BucHOBKH Ta nmepcneKTHBH A0CiNKeHb. [lepeBaror 3ampornoHoBaHOT aBTOpaMu
paHimie i po3BUHEHO] B Iiif cTaTTi MiABICHIM OyniBii € PaKT CyTTEBOTO 3MEHIIIEHHS
ceficMiuHmMx cuil. BuBeneHo cuctemy nudepeHIIaIbHUX DPIBHSIHB, PIMICHHS SKOI
JTO3BOJISIE BU3HAYUTH HEBIAOMI MEPEMIIIICHHS, MICIsl BU3HAUCHHS SIKUX HE CKIJIATTHO
BU3HAYUTU 3yCWIUIA, AII0OYM HA HeCydl KOHCTpyKUii OymiBmi. 3amporoHoBaHa
METO/IMKA JUHAMIYHOTO PO3PAXyHKY CHCTEMH JI03BOJISIE JOCUTH IPOCTO OTPUMATH
PIBHSHHS PYXY CHCTEMH.

Y 1nepcnekTHBl nependavaeThcs JOCHIIPKEHHS MOXIUBOCTI  CIPOIICHHS
YHCeNIbHOI pearizarmii pimeHHs cucTteMu audepeHIianbHuxX piBHAHD (4) 1 (6), a
TaKOX TOPIBHSIHHS CXEMH 3 IIJIBINICHUMH OKPEMO TIOBEpXaMH 1 CXEMH 3
MOBEpXaMH,  TOB'I3aHUMHA  MDK ~ c000I0  THYYKHMH  IiABICKaMH IS
OaraTonoBepXxoBoOi OyiBIIi.

- — 1 | -
e o

/

a a

Puc. 4. JTlunamiuHa po3paxyHKOBa cxema Jiisi Y0TUPHOXITOBEPXOBOI OYaiBIII
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