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KOJIEBAHUS 3ATJITYBJIEHHOI'O MACCUBHOI'O ®YHJIAMEHTA
HA MHOT'OCJIOMHOM BECOMOM OCHOBAHUH

[MpuBegeHbl pelleHnst 3agay o konebaHum 3arnybneHHoro pyHgameHTa HaBeCOMOM MHOrO-
CMONHOM OCHOBAHWM MNPV AMHAMUYECKUX Harpyskax aHanmuTUYeCKUM W YUCIEHHbIM MeToAa-
mu.lNoka3biBaeTcsi, YTO y4eT BECOMOCTW OCHOBaHUsi, TPeHUsi 3arnybneHHoro dpyHaaMeHTa ¢ rpyH-
TOM W YMPYro-Bsi3KMX CBOWCTB FPYHTOB OCHOBAaHMSIOKa3blBaAHT CYLLECTBEHHOE BMSIHWE Ha aMniuTy-
Oy v yactoTy konebaHunsa hyHaameHTa, a Takke Ha HakomnneHWe OCTaTouHbIX 0cafok pyHaameHTa.

KntoueBble cnoBa: konebaHne, MHOrOCINONHOe OCHOBaHWe, 3arnybneHHbii pyHaaMeHT, Be-
COMOE OCHOBaHue, BA3KO-MracTuyeckast Moferb, peonornyeckas Mogenb, aMmnnivTyaa.

[Ipn xoneGanny 3aryOieHHOro (hyHIaMeHTa Ha TPYHTOBOM BECOMOM MHOT'OCJIOHHOM
OCHOBaHWM{ BO3HUKAIOT PEAKTUBHBIC W MHEPLHOHHBIC CHJIBI, a TAK)XK€ CHJIBI TPEHUS (yHHa-
MEHTa C TPYHTOM II0 OOKOBOW ITOBEPXHOCTH. DTH CHJIBI MOTYT OKa3bIBaTh CYIIECTBEHHOE
BIMSIHAE Ha XapakTep KoneOanus pyHmamenrta [1],B T.4. Ha aMIMTYIy W 4acTOTy KoieOa-
HUSL,ACKITIOYaI0TBO3MOXXHOCTh PE30HAHCA M COCOOCTBYIOTHAKOIUICHNIO OCTATOYHBIX 0CAJI0K
U KpeHOB (pyHIaMeHTa.

3aga4a o0 KoneOaHUM HA YIPYrO-MHEPIIOHHOM OJJHOPOJHOM OCHOBAaHMHU PacCCMOTpPEHA B
[2, 3], B T.4., O IPUOIMIKEHHBIM CXeMaMpacieTa, B KOTOPBIX MPUHUMAETCS, YTO AMHAMUYE-
CKasl Harpyska Iepenaercs: TOJIbKO Ha HeCyIMi NMPU3MAaTHUECKHH CTONO IPYHTa; Ha HECy-
IMHA MacCHB B BHMJECKOHEYHOro (TpareuenaajibHOr0) MacCHBa W Ha MOJYIPOCTPAHCT-
Bo./3BecTHa Takke MPUONMKEHHAsI CXeMa pacyueTa, KOraa HHEPIMOHHOCTh OCHOBAHMS yUH-
TBIBAeTCs ITyTEM IPUCOECIMHEHHST MacChl TPyHTa akKTUBHOM 30HBI K Macce (hyHIaMeHTa. Bee
3TH CXEMBI pacyeTa NMPHUBOIAT K YMEHBUIICHHIO aMIUINTYZA KOJIeOaHUH M HMCKIIIOYAIOT Pe3o-
HaHC.

B nHacrosimeit pabote npeanaraeTcs IpUOIIDKEHHAS cXeMa pacdeTra KoiiebaHus 3ariyo-
JeHHOTO (DyHIaMEHTa Ha BECOMOM MHOTOCIOWHOM OCHOBaHHMHU C YY€TOM TPEHHUS OOKOBOM
HOBEPXHOCTH (hyHAAMEHTa C TPYHTOM, a TAKKe YNPYro-Bs3KHX CBOICTB IpyHTOB. I pyHTO-
BOE OCHOBAHHE MPEJCTABIISAETCS B BUJE BECOMBIX CJIOEB KOHEYHOW TOJIIMHBI, COEANHEHHBIX
MEXAy CO00# YIpyriMHU WK yIPYTrO-BSI3KUMH dJIeMEHTaMu. B 3TOM cityuae KaXkblid cIioiic
Maccoil mOyneT KonedaTbCsi CaMOCTOSTEIBHO, U, CIIE0BATENBHO, IIOJyYUTCS] CUCTEMa C MHO-
TOYKCJICHHOM CTENEHBIO CBOOOIbI, PABHOMN KOJMUYECTBY cJioeB (puc.1).
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Puc. 1. Pacuetnas cxema konebanus 3ariyOiieHHOTO QyHIaMEeHTa Ha MHO-
TOCJIOMHOM OCHOBaHHH

Jlyist MaTeMaTHYecKoro OMMcaHusl KojueOaHMsl Takoi CHCTEMBI MOTpeOyeTcst onpenerne-
HHUE KO3 PHUIHUEHTOB KECTKOCTH Ka)XKJOTO CJIOS k;, X MacChlm,CPETHUX 3HAUYCHUH CTaTHUe-
CKOM Harpys3ku p;M yrja pacupeleieHHs cTaTHueckod Harpysku y. IlocnenHuit B mepBom
NPUOJIVDKEHUH MOXKHO OIPENENHTh HCXOId U3 KOod(hQHIMeHTa 3aTyXaHHs HalpsDKEHUH
a(m(z),l/b)non hyHIaMEHTOM Ha LEHTPaIbHON OcH zImo Tabiu. [5] B 3aBUCUMOCTH OT (OPMBI
¢byHnaMeHTa B iane (IpsAMOYTOJIBHUK, KBaJparT, Kpyr).

CymecTByeT 3aBUCUMOCTh M@Ky YIJIOM pacrpeneieHus Y U Ko3huurueHTom 3aryxa-
HUsI HanpspbkeHuit o(2z/b,l/b) B Bune

b(l-a) 1)
207,

rae b m [—mmprHa U AJMHA NPSIMOYTOJIBHOTO (DyHJIaMEHTa COOTBETCTBEHHO;Z,— HIDKHSISA
IPaHuIIa CKUMAEMOM TOMIIM OCHOBaHUS, ONpeJieseMas U3 yclaoBuso,,=0,26...4.

Tak,HanpuMep, U1 IpsiMOyroyibHOTO pyHaaMenTa mupuHoi b=10 M, nianHoH /=18 MHa
riryoune z=10 M0=0,463.Tormatgy=b(! — 0)/(202)=0,58, y=30°,umes1 3HAYCHHUE Y, MOIKHO OII-
peNeNnTh Pa3MepHli-Tocos B TuIaHe, T.e.b=b\+2Xh; tgy, Tae h— TommmHA j-TO ClOs. 3Ha-
YeHWUs p; U kK;MOKHO OTIPENIENUTH 110 (POpMYyIIaM

tgy =

PPo(bi/by); (2)
p.

s 3)

_ PBih; . (4)
i Ei >

raeE— Moxysb MMHEWHOH eopMaIuui-ro cios;S; — ocalka i-ro ciosi;

2v,?

B =1-——=~0.8, 5)
I-v,;

raev— koag¢urment I[lyacconai-rociost

Paccmorpum mpocreiimmii cirydaid. IIpencraBum cxemy pacuera cHCTeMbl (DyHIAMEHT
— BECOMOE OCHOBaHHE C TpeMsl CTEHEHSAMH CBOOOJBI, TMojaras, 4ro (QyHIaMEHT
Maccoiim B3anMOIEHCTBYET C BECOMBIM ABYXCJIIOWHBIM OCHOBAaHHEM MAaCCOM MW M3, LEHTP
TSHKECTH KOTOPBHIX HAXOIUTCS HAa OTHOU TPEThEeU BBICOTHI CIOEB /1; U hy(puc.2).
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Puc. 2. Cxema pacuera koneOaHHsI CHCTEMBI (DyHIAMEHT
— BECOMOE OCHOBAaHHUE C TPeMs CTEIICHSIMHU CBOOOIBI
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B stom CJIydyac UMECTMECTO TOJIbBKO BEPTUKAJIBLHOC NMEPEMEIICHNUC (byH}IaMeHTa, " €CIIN
B MICpBOM HpI/I6J'II/I)KCHI/II/I HE YYUTBIBATh MNOIJIOMICHUSA SHEPrur, TO ,umbq)epeﬂunam,ﬂoe
YpPaBHCHHUE BbIHYKACHHDBIX KoJIeOAaHUI TAKOW CHCTEMBI MOXKHO MNpeACTaBUTL B BUAC

mz, +ki(z, —2,) +0(z — 2,) + Fsin(z, —z,) = B, sinot;
Mz, +ky (23 = 23) —hy (7 = 2) + My (23 = 23) —My (5= 2,) = 0; ©)

mazy +kyzy —ky (25 = 23) +M323 =My (2, = 23) = 0,
Ile Z|, Zy, Z3 —BEPTUKAJBbHBIC IEpeMEIIeHNs (pYHIAMEHTa U IIEHTPOB TSDKECTH IIEPBOTO H
BTOPOT'0 CJIOEB OCHOBaHHSICOOTBETCTBEHHO;M |,My,M3 — Macchl (yHAaMEeHTa U NEPBOTO U
BTOPOTO  CJIOCBTPYHTOBOTO  OCHOBaHHS  COOTBETCTBEHHO;k; —  KOX(OHUIIMEHTHI

JKECTKOCTHOCHOBAHHUS, HpI/I‘ISMl_ _1 + 1 ;N: — K03 (HUIMEHTHI BA3KOTO COMPOTHBIIC-

k 2 kl k 3
Hus rpyHToB,mpuem 1 _ 1 i 1 .F —cuna tpenns no GokoBoii moBepxHOCTH (yHIa-
M, m HE
MEHTAa.

Pemenne ypaBHeHUs (6) MOXET OBITH MOJIYYEHO YHCICHHBIM METO/IOM C MOMOILBIO TIPO-
rpammHoro  komrmoiekcaMathCAD.  Pe3ynpraTel  pemieHWs TpeicCTaBICHBI HAa  pPHC.
3npupastuuHbIX 3HaUeHHsXKecTKocTH (E1=15000xH/M?, E,=50000xH/M*)u mpu macce ¢yH-
nmameHta m=3750xH, muameTpa=8 M, TOMMMHON 3M MO JEHCTBHEM BO3MYIIAIOIICHUMITYIIBC-
Hol cuibl P()=p sin(®f) (p,=500 kH) u Tommune cnoesh;=h,=5 mu F=11000xH.
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Puc. 3. Kpussie xonebanuii cuctemsl z(f), MOTyYSHHBIC HA OCHO-
BaHHUH PEIICHUs yNpaBieHus (6), ¢ TpeMs CTENEHBI0 CBOOOMBI C TIOMO-

uer0 MathCAD

PaccmoTtpenHast Bplme 3a/1a4a ObUIa IIOCTABJIEHA M PEeIIeHa C MTOMOLIBIO TPOTPAMMHOTO
komrutekca Plaxis8.2 MKD.Pe3ynbTaThl 3TOr0 perieHns IpuBeIeHb! Ha puc. 4.
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Puc. 4. Kpussle konebanust cucteMsl Z(f) ¢ y4eTOM yIpy-
THX CBOMCTB I'PYHTOB OCHOBaHHMsI, IIOCTPOCHHBIC IO pe3yJIbTa-
TaM YHCJICHHOTO PELICHMs IIOCKOH 3a/1aud C UCIHOJIB30BaHHEM
nporpammsl Plaxis-2d

CpaBHHUTENBHBIA aHATH3 puc. 3 U 4 TOKa3aj, YTO MMEET MECTO yIOBICTBOPHTEIHHOE
conagenue.Cre0BaTeIbHO,IPEIIOKEHHAS pacueTHast MOJIENb (CM. puC. 1 U2) MOXKET OBITh
UCIIOJIb30BaHa ISl pacyeTa KojiebaHuii cucteMbl PyHAaMEHT — MHOTOCJIOIHOE OCHOBaHHE C
momorneio MathCAD.

Buisoowr. 1.1lpemnoxena HOBast pacdyeTHasi MOJICIb BECOMOTO MHOTOCJIONHOIO OCHOBA-
HUSL JJ1s1 KOJIMUECTBEHHOM OLICHKH KOJIeOaHMs CHCTeMbI3ariyOneHHbIi GyHIaMeHT — Beco-
MO€ MHOT'OCJIOHHOE OCHOBaHHE C yYETOM YNpPYro-BA3KUX CBOWCTB I'PYHTOB M TPEHHS MEX-
IypyHIaMEHTOM U TPYHTOM.

2. CocraBieHa cuctema audepeHInaNbHBIX ypaBHEHHH W TOIYYEHO MX pPEIICHHE C
momotbto nporpamMmel MathCAD st moctpoenust rpadukoB KoJeOaHMs STOH CHCTEMBI BO
BpPEMECHHU.

3.Jlana cpaBHUTENbHAs OICHKA IpaduKOB KoeOaHHs, MOCTPOSHHBIX Ha OCHOBE ypaB-
Henus (6) u mo nmporpammePlaxis, KOTopas mokasajia HX CXOAMMOCTb.
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Z.G. Ter-Martirosyan, M.N. Jaro
VIBRATIONS OF A DEEP HEAVY FOUNDATION RESTING ON WEIGHTY MULTILAYER SOILS

The authors present analytical and numerical solutions to the problem of vibrations of deep
foundations caused by dynamic loads, if the foundations rest on multilayer soils. It is proven that the
friction force that influences the foundation, the weighty nature of the bedding, and the visco-elastic
properties of soils affect the amplitude and the frequency of vibrations.

The authors present an approach to the calculation of vibrations of deep foundations resting on
multilayer soils. The proposed approach takes account of the side surface friction of the foundation and
the soil and elastic and viscous properties of soils. The soil is presented as a multilayer substance, and
all of its layers are connected to one another by elastic-viscous elements. In this case, each layer of
soil vibrates independently and provides multiple degrees of freedom to the system.

A mathematical description of vibrations requires the identification of the coefficient of stiffness
for each layer of soil, as well as the weight, the average per-layer stress and the angle of distributed
static stress.

The results have proven that the weight of the bedding, the friction of a deep foundation, and
elastic and viscous properties of soil affect the behavior of the amplitude and the frequency of foun-
dation vibrations and the accumulation of residual settlements.

Key words: vibration, multilayer soil, deep foundation, weighty bedding, viscous plastic model,
rheological model, amplitude.
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