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IMPOTHO3YBAHHSA JUJIATAHCIMHOI MOBEJATHKA OCHOB
®YHJIAMEHTIB MIJIKOT'O 3AKJIAJIAHHSI 3A METOJIOM I'PAHUYHUX
EJIJEMEHTIB

IPOTHO3UPOBAHME JIMJIATAHCUOHHOI'O ITOBEJIEHUSI OCHOBAHUI
OYHIAMEHTOB MEJIKOI'O 3AJIOKEHHUSA ITO METOAY 'PAHUYHBIX
9JIEMEHTOB

FORECASTING OF DELATENCE BEHAVIOUR OF SHALLOW
FOUNDATIONS APPLYING THE METHOD OF BOUNDARY ELEMENTS

3rporHo30BaHO HarnpyxeHo-AegopMOoBaHWI CTaH AMAaTaHCIViIHOI OCHOBW nia yHAaAMEHTOM Misl-
KOro 3aknafaHHs 3a MeToAoM rpaHn4dHux enemeHTis (MIE).

Crnpo2HO3upo8aHo HamnpsKeHHO-0eghopMUPOBaAHHOE COCMOsIHUE OulamaHCUOHHO20 OCHO8aHUsI 100
hyHOaMeHMOM MeJIKO20 3aI0KeHUSsI o Memody epaHuyHbIX anemeHmos (MIE).

Stressed-strained state of delatance basement for shallow foundations is considered applying the
method of boundary elements.

Beryn

OO6mupaHHs CIIOpyA Ha IMOBEPXHEBI MapH IPYHTIB MOXKe OyTH 3HAYHO €KOHOMIUHIIIIMM HiX OOTHpaH-
Hs pyHIaMeHTy Ha ckany. [Ipukmamom moxe Oyt dyHmameHnT OCTaHKIHCHKOI TEJIEBEXKi, 3aIpOIIOHOBA-
Hull i cipoekroBanmii H. B. Hikitinum, sk GyHmaMeHT minkoro 3aknananss. L kimbpieBa rumra giaMmer-
pom 60,6 M, BUCOTOIO 3 M 3 3arJUOJICHHSIM BiI JeHHOI MOBEpXHI Ha 3,5 M B MOpEHHI CyIJIWHKH Ha
CBHOTOIHIIIHIA IeHb Ma€ ocigaHusa 4,2 cM.

3 METOI0 MOBHIIIOr0 BpaxyBaHHS OCOOJMBOCTEH MOBENIHKU IPYHTIB B cdepi iX po3paxyHKy chopmy-
BaJIMCh HANPSIMH JOCITIHKCHD 31 301IbIIEHHS JTOCTOBIPHOCTI TEOPETHYHOTO MPOrHO3Y IX MOBEIIHKU 3a
paxyHOK ypaxyBaHHS (i3M4YHOI HeNiHIHOCTI poOOTH TPYHTY, 110 i OyJI0 BUKOHAHO B 3aIPONOHOBaHIN
CTaTTi 32 JONTOMOTO0 YHCIIOBOI'O METO/Iy TPAaHHYHHX €IIEMEHTIB.

BcTynneHue

OnvpaHne CoopyXeHWI Ha NOBEPXHOCTHbIE CIIOW FPYHTOB MOXET ObiTb 3HAYUTENbHO SKOHOMUYHEN,
YyeMm onupaHue dyHAameHTa Ha ckany. [pumepom MoxeT cnyxuTb yHaameHT OCTaHKUHCKON Tene-
BaLwHNn, npeanoxeHHbIn U peanu3oBaHbin H. B. HUKUTUHBIM kak doyHOAMEHT MenKoro 3anoxeHus. JTa
KonbLeBasi nnuTa gnameTpom 60,6 M, BbICOTON 3 M Ha CEroaHsWHUA AeHb Npu 3arnybneHny ot gHeB-
HOM NOBEpPXHOCTU Ha 3,5 M B MOpeHHbIe CYrnuHKM umeeT ocegaHue 4,2 cm. C uenbto 6ornee nomnHoro
yyeTa ocobeHHOCTelN NoBeAEeHUS TPYHTOB B cdepe pacdeTa OCHOBaHMIN CHOPMYNMpOBanucb Hanpas-
neHVs nccrefoBaHui Mo YBENUYEHUI0 JOCTOBEPHOCTU TEOPETMYECKOro MporHosa ux nosedeHus 3a
cyeT yyeTa PU3NYECKON HENMMHEMHOCTM paboTbl rPyHTA, YTO U ObINO BbIMNOMHEHO B NPeafiOXKEeHHOW cTa-
Tbe C NMOMOLLbIO YNCIIEHHOMO METOAA rPaHNYHbIX SNTIEMEHTOB.

Introduction

Resting of structures on surface layer of soil could be more cost — efficient than resting of the
foundation on the rock. The example of such type of foundation can serve the foundation of

© A. C. Moprys, 2006

BicHuk BiHHMLBbKOrO MoniTexHiyHoro iHcTuTyTy, 2006, Ne 1 5



BYAIBHAUTBO

Ostankino television tower, suggested by N. V. Nikitin as shallow foundation. This ring — shaped
plate 60.6 m. of diameter, 5 m of height nowadays at the depth of 3.5 m from day time surface in
moraine loams has subsidence of 4.2 cm. In order to take into consideration the peculiarities of
soil behaviour regarding the calculation of foundations, scientific directions aimed at improvement
of theoretical forecast reliability of foundations behaviour at the expense of taking into considera-
tions physical non — linearites of soil operation — were formulated. The results of research car-
ried out applying the numerical method of bordering elements are presented in the given paper.

ITocTanoBKa 3a1a4i, BU3HAYAJIbHI CIiBBiTHOIIEHHSI

e ) B po6oTi HaBeneHO MpaKTHYHE 3aCTOCYBAHHS MI'E
3 y 70 PO3PAXYHKY CTOBITACTOTO (PYHHaMeHTy. MiJTKOTO

2 3akNlaflaHHsA MiJ KOJOHY OyIiBm B HOro migBaJIbHIN

gacTuHi [2], oTpuMaHo Tpadik PO3BUTKY OCiTaHb B Me-
p kKax IX JOIMyCTHUMHUX 3Ha4eHb. ICHYIOYi 3apa3 METOIH

Iy " po3paxyHKy (yHIaMEHTIB 3aCHOBaHI Ha MOHSTTI aKTUB-

i HOT 30HM OCHOBH, B PaMKaX SKOi OYiKY€ThCS PO3BUTOK

T s nedopmaniii. YumnHi nepkaBHi OyniBeNbHI HOPMH

|~ (IBbH) HwXHIO TpaHMIO0 aKTHBHOI 30HM (PyHIAMEHTIB

MUJIKOTO 3aKJaJlaHHg OOMEXYIOTh YMOBOK) 3HIDKEHHS

JOJATKOBUX HAIPY)KEHb BiJl HAaBAaHTAXCHHS JI0 YACTKH

——{  NPUPOJHOTO TUCKY. 3 ypaxyBaHHIM IHX IMO3HULIH 3TiAHO

. 3 [2] rpaHuLg 30HH, B MeXaX SKOI HAIIPYKEHHS CTHCKY

, B OCHOBaX MarOTh CYTT€BE 3HAYCHHS (B OCEPEAKY CTHC-

” It " o / KalounX HalpyXeHb) AMCKPETU3yBajach TPUKYTHHUMHU

CKiHUeHUMH eyieMeHTamu (puc. 1). 'panuii miei 30HU

& & P 8¢ BU3HAYAIOTHCS IPUPOJIOI0 CaMOT0 TPYHTY. 3Ha4HI PO3-

P ODKHOCTI MiX BiTKaMH HaBaHTaXeHHS (Kommpecii) Ta

PO3BaHTaXXEHHsI (JIEKOMITpecii) B KOMIPECIHHUX JOCTi-

X4 JOKEHHSIX IPYHTIB IIOKa3yI0Th, IO IPYHT € CEpeAOBHUILEM

PHCF;V}C ’ 3 MEPEeBAXHO 3IMILIKOBUMH AeQOpMaLisiMH TOMY IUIS

Fig. 1 PO3paxyHKy BUKOPHUCTaHO MaTeMaTHYHY MOJENb TpyK-

HO-TUTACTUYHOrO J1e(OpMyBaHHS IPYHTIB, € CHCTEMOIO

iHTerpo-mudepeHitHnX TpaHYHuX piBHAHB [3]. Ter3opHa dopMa 3ammcy iHTErpaIbHOTO TPAaHUIHOTO

piBHSHHSA piBHOBary, oTpumanoro K. bpe00is, sike BCTAHOBIIOE 3B 30K MK G — € Ha TPAHUIN Tali Juist
HiBIUIOLMHHU, MA€ BUIJISAA

7 -

*

; Y P P
Ciyity + [p ity = [y pdl + [ o &2, (1)
I T Q

ne & — BEKTOp TUIACTHYHUX JAedopmariii (BekTop nnactuyeckux aedopmauuii, vector of plastic deforma-
tions); & * — moXimHI Bif pyHIAMEHTAIBHHUX PO3B’sA3KiB MiHUTiHA (NPOM3BOAHbIE OT (hyHAAMEHTamNbHbIX
pewwenuit MunanuHa, derivatives of Mindlin fundamental solutions).

[Tix yac mocCiKEHHS MMOJIS HANIPYXEeHb Ta Aedopmariii cucteMu «QyHIaMEHT — OCHOBa» IPYHT MO-
JICITFOBABCS TPYKHO-TUTACTUYHUM TiJIOM, TOOTO JI0 TPaHHMIIl TEKYUOCTI 3aJIC)KHICTh MIXK HANPYKCHHIMH Ta
nedopManisiMu BBakasach JIiHidHOO. [10TiM IpyHT MepexoAauTh B CTaH TEKYYOCTi.

Jls MOIeMIOBaHHS MOBENIHKH TPYHTY 32 MEKaMHU MPY>KHOCTI B TUTACTUYHIA CTajil 3 METOK Bpaxy-
BaHHS JUCHIIATUBHUX €(EKTIB KpiM PiBHsAHb piBHOBaru (1) B MOJEIb BBOAUJIOCH I JBa JOJATKOBHX: a)
— KpUTepill mepexoay 10 ITUIACTUYHOTO CTaHy — YMOBa T'paHWU4YHOI piBHoBarm Mizeca — ['yOepa —
Botkina (2) Ta 6) — 3aneXHICTh MK HalpYXEHHAMH Ta MIBUAKOCTAMH Aedopmauii (3) w1 niaacTuaHo-

TO CTaHy.
f=0;+0, tgy—1g skmo (npu, if) o, <pg; 2
f=0;+p-tgy — 15, sxmo (mpu, if) o, > p,

nie f— yMoBa TeKy4ocTi (ycnosue TekydecTu, condition of fluidity); o, — rigpocraTuunuii THCK (rugpocTa-
Tuyeckoe aaBneHue, hydrostatic pressure); 6; — IHTEHCHBHICTE JeBiaTopa HaNpyT (MHTEHCMBHOCTL AEBUa-
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Topa HanpsbkeHun, intensity of stress deviator); \y — KyT BHYTPIITHBOTO TEPTS HAa OKTACAPUYHIN TUTOIIHHI
(yron BHyTpeHHero TpeHusi Ha oKTasgpuyeckol nnockoctH, angle of internal friction on octahedron plane); Ts_
napaMeTp, aHAJIOTIYHUI 3YEIUICHHIO (NapameTp, aHanorvyHbli cuenneHuo, parameter similar to coupling);
Po — TapaMeTp IPYHTOBOTO CEPeIOBHINA (NapaMeTp rpyHTOBOM cpeasl, parameter of soil environment).

B3aeMO03B 30K MiXK MIBHIKOCTAMH IDIACTHYHHMX Aedopmamniii Ta HANpyXKCHHSIMU BU3HA4YaBCS 3a
HEacoIiHOBaHNUM 3aKOHOM TIACTUIHOT TeUil

P dF
dg’;; = dv——, F = f. 3)
1y d
G
]
ne F'— mnactuunmii moteHmian, QyHKUig icTopii gedopmMyBaHHS (nnacTuyeckwii noTeHuman, yHKLWS
uctopun gedopmupoBaHnus, plastic potential, function of deformation history), /' — kpurepiii mepexonxy mo
IJIACTUYHOTO CTaHy (KpUTepuid mepexoda K NracTudeckoMy coctosiHuio, criterion of transition to plastic
condition), dA — CKasApHUN KOE(QIIlIEHT TMPOCTOrO0 HABAHTAXCHHS, 3HAXOAUTHCA B IPOIIECi
pO3B’sI3yBaHHS IUIACTHYHOI 3a/1adi (CKansipHblii KoedMLUMEHT NpOCTON Harpysku, onpeensieTcs B xode pe-
LIeHusa nnacTuyeckon 3agaum, scalar factor of simple loading, is defined during the solution of plastic task).
. . p . . . .
Bubopom F'= F] (Gij) 3a0e3reuyBanach OpieHTAIlst dg jj Y BUIIOBIIHOCTI 3 NOCIIIHUMH TaHHMH. 3
METOIO BpaxyBaHHS BIUIMBY Ha IUIACTUYHI AedopMallii IpyHTY AEBIaTOPHUX 1 TIAPOCTATHIHHUX CKIIAOBUX
TEH30pa HaIPYTH, Ii YaCTHHH B 3aIIPOITOHOBaHIN Moeni Oymu po3aiieHi

Gy =5+ 8,0 (4)

Jle TIepIa CKJIaIoBa — IUCUIIATUBHA YaCTHHA TEH30pa HanpyrH (rae nepBasi cocTaBnsiollas — guccuna-
TWBHas 4acTb TeH3opa HanpsikeHwii; where the first component — dissipative part of stress tensor), apyra
CKJIaJIOBa — KOHCEpPBAaTHUBHA CKJIAJI0BAa TEH30pa HANPYT (BTOpasi COCTaBMsoLLIasn — KOHCepBaTUBHas COCTa-
BrIsilOLLIAs TEH30pa HanpshkeHWUI, second component — conservative component of stress tensor).

B 3anponoHoBaHi#t MOjIeli po3paxyHOK TPAHHYHOTO CTAaHY ITPOBOAMBCS 32 TPASKTOPI€IO MPOCTOTO Ha-
BaHTa)XCHHS, IO J1aJI0 MOXKIIMBICTh OOYMCITIOBATH MPUPICT TUIACTUYHUX Je]opMalliii i1 9ac MOTOYHOTO
KPOKY HaBaHTa)KEHHS, a ITOTIM 3HAXOJUTH CyMapHi aehopMarrii.

g;; = sfj + ZSZ + dgf;»?),»j; ®)
p p p
dej = dglj(S]I) + dsl/(d) (6)

B (4—6) s; — neBiaTop Hampyr (AeBuaTop HanpskeHwii; stress deviator), G — MmIapoBHii TEH30p Ha-
npyr (LapoBoi TeH3op HanpsbkeHui; spherical stress tensor), €; — MoBHUI TeH30p AedopMalii, BETHYHHA
SIKOT'O 3aJICKUTH BiJl ONEPEAHBOI i1CTOPIi 3aBaHTAXKEHHS TPYHTY (MOMHbIA TeH30p AedopMaLuil; BenmymHa
KOTOPOro 3aBWCWUT OT MpeabiayLlen nctopumn 3arpyskm rpyHTa; complete tensor of deformations, its size de-

. . . . e P . .
pends on previous history of soil loading), CHE €;7 — HPYXKHI Ta IJIACTHYHI nedopmariii IpyHTY 10 KPOKY

3aBaHTAXKEHHS, 0 PO3TIAAAETBCS (Ynpyre U nnacTuyeckue AedopMauuu rpyHTa 4O paccMaTpuBaemMoro
wara 3arpysku; elastic and plastic deformations of soil prior to considered loading step), dsg- — TIpHUpiCT
IJIACTUYHUX AcopMaliiidi Ha MOTOYHOMY KPOIli 3aBaHTXKEHHsI (NpupalleHue nrnactuydeckux aedopmaumii
Ha TekyLlem Liare 3arpysku; increment of plastic deformations on a current step of loading), dgﬁ;‘(sb)’ dgz-(d)

— MPHUPOCTH IIAPOBOI Ta AEBIaTOPHOI YaCTHHU TeH30pa AedopMalliil (NpupalleHns LLapoBoOi U feBMaTop-
HOWM YacTu TeH3opa Aedopmaumii; increments of spherical and deviator parts of deformations tensor), 8,7 —
nensta Kponekepa (gensta KpoHekepa; Kroneker delta).

Jl1s MomeTIOBaHHSI TIPOIIECIB YIMUIBHEHHS IPYHTIB, CTUCIIUBICTh SKMX B COTHI pa3 MEPEBUIITYE CTUCITH-
BiCTh OyZAiBENbHHMX MaTepialiB Ha3eMHHX CIOpPYJ, BUKOPHUCTOBYBajlach CHCTeMa YsBiIeHb mpod. B. M.
Hikonaescokoro, npod. 1. I1. boiika mpo aunaraHcCiiiHy Teopilo I'pyHTOBOTO cepemoBuia. s kopery-
BaHHS HECIIBICHOCTI BEKTOPIB TEH30pPYy HAMpyKE€Hb Ta TEH30pYy Ae(opMalliil mig yac poOOTH IPYHTY B
TUTACTUYHIN CTail BAKOPUCTAHO PiBHIHHS

dgf;'(sb) = A(X)dyp, (7)
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D . . R . .
ne de jj(shy — CKAIAPHUI EKBIBATIEHT NMPUPOCTY HENPYKHUX 00’eMHUX JnedopMalliil MapoBOi YaCTHHU

TeH3opa aedopmMariiidi (ckansipHuil 3KBMBANEHT MpupaLleHnsi Heynpyrux obbeMHbIX AedopMauuii WapoBou
yacTu TeH3opa gedopmauuii; scalar equivalent of increment of non- elastic volumetric deformations of spheri-
cal part of deformations tensor); dy ¥ — CKaJApHUIi EKBIBaJEHT MIPUPOCTY IHTCHCUBHOCTI 3CYBY (CKansipHbIil
3KBMBANEHT NpUpaLLEeHns MHTEHCUBHOCTM caBura, scalar equivalent of intensity of intensity increment shift);
A(y) — mBuaKicTh auaaTaHcii (ckopocTb aunataHcuu, dilatance speed); y — mapaMeTp 3MillHEHHS IPyH-

TOBOT'O CEpPENOBHILA, MPUUHATO LIUIBHICTH IPYHTY P (NMapaMeTp yNpoOuYHEHUs! FPYHTOBOW cpedbl, MpUHsTa
NIOTHOCTL FpyHTa p, parameter of hardening of the soil environment, density of soil is accepted).

Po3pobnena mnactuuna moaens (1—7) 103BoJIsiE BIATBOPUTH TOSBY Ta PO3BHTOK IJIACTUYHHUX 30H B
OCHOBAX, a TAaKO’K BUSBUTH KOHIICHTPALi0 aehopMalliii y BEpXHiii YaCTHHI OCHOBH 1 MPAKTUYHY 1X BIACY-
THICTh y HI)KHIX ILIapax, IO CIIOCTEPIraeThes 1 B peallbHUX OCHOBaX (yHaameHTiB. B Moxeni Bukopucta-
HO CepeqHbO3BaKEHI MEXaHIuHi XapaKTepUCTUKU 0araToIapoBOr0 CepeioBHILNA IPYHTOBOI OCHOBH [2].
InrerpoBanmii rpadik pe3ynbTaTiB PO3paxyHKY «HABaHTa)XCHHS — OCIJAHHS NPOKa3aHO Ha puc. 2.
Amnari3 11poro rpadyika BUSBIISIE MOKIMBOCTI pOOOTH OCHOBHU B paMKax IIAaCTUYHOI cTaii.
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51 61,7604

53 64,760
54 68,270

62 785104

N U;vax)

Puc. 2
Puc. 2
Fig. 2
i1 KOHTPOJIO MPaBUIBHOCTI MPOBEACHOIO PO3PaxyHKY BHKOPUCTaHO Bepuikallito, 3aCHOBaHy Ha
3iCTaBJ'IeHHi YUCJIOBOT'O pO3B’ﬂ3Ky 3 pO3B’$[3KOM LIiCI 3azxaqi 3I‘i}_IHO 3 YUHHUMU HOpMaMH, Ta HaBCJACHUMHU
B [2].

MocTaHoBKa 3agauu, onpenengalolmMe COOTHOLEHUs

B paboTe npuBeaeHo npaktuyeckoe npunoxeHne MIE k pacyeTy ctonbyatoro pyHaaMmeHTa Menko-
ro 3anoXeHusl NoA KOSIoHY NPOMBILLIIEHHOTO COOPYXXEHWS B €r0 NoABanbHOM YacTu [2], nonyyeH rpacumk
pasBUTUS OCEdaHUs B rpaHMLAx OOMYCTUMbIX 3Ha4YeHun. CyLecTBYOLWMNE B HAacTosILee BpeEMS METOAbI
pacyeTa oyHAAMEHTOB OCHOBaHbI HA MOHATUM aKTUBHOM 30HbI OCHOBaHMS, B pamMKax KOTOPOW OXxunaaeT-
cs passuTue gedopmaumin. [lencTeytowme ctpoutenbHble HOpMbl M npasuna (CHul) HYWXKHIOK rpaHuUy
aKTMBHOWN 30HbI (PYHOAMEHTOB MESKOrO 3aNOXKEHWST OrPaHMYMBAOT YCIIOBUEM CHUXKEHMUS OOMNOMHUTESb-
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HbIX HaMPSPKEHWA OT Harpysky 0O AONM NpupodHoro aasrneHuns. C yyeTom 3TMX MO3MLMI cornacHo [2]
rpaHuLa 30Hbl, B paMKax KOTOPOW CXMMaloLMe B OCHOBAHUSX HamnpsikeHUst UMEOT MO CBOEW BENUYMHE
CYLLECTBEHHOE 3HayeHue (B «IYKOBULE» CXMMAIOLLMX HaMNPsKEHUN) OUCKPeTU3MpoBanach Tpeyronb-
HBbIMW KOHEYHbIMK 3rieMeHTamu (puc. 1). FpaHuubl 3TOM 30HBI ONPEAENSAOTCS NPUPOAOK CaMOoro rpyHTa.

3HauMTenbHbIE PacXoXOeHUs Mexay BeTBSIMU Harpy3ku (KOMMPeccumn) n pasrpysku (4EKOMNPeccum)
NPy KOMMPECCUOHHbIX UCCeA0BaHMAX FPYHTOB MOKa3blBalOT, YTO FPYHT sIBNSIETCS Cpefon ¢ npeobna-
AaoLWMMK OCTaTOYHbIMK AedopMaLusMy, NO3TOMY AN pacyeTa UCMoNb3oBaHa MaTeMaTuyeckasi Mo-
Aenb ynpyro-nnactnyeckoro 4echopMnpoBaHus rpyHTOB, KOTopas npeacTaBnsieT Co0oM CUCTEMY UHTEr-
po-aMddepeHumanbHbliX rpaHnYHbIX  ypaBHeHun [3]. TeH3opHas ¢opma 3anucu UHTerpasnbHOro
rPaHUYHOrO ypaBHEHUS paBHOBECUS, yCTaHaBNMBalOLLAs CBA3b MEXAY G —& Ha rpaHuue ceav ans no-
nynpocTpaHcTBa, nony4veHHoro K. bpedbus, umeet Bug (1). MNpyn nccnegoBaHny NOmns HaNPsSKEHUA U
nedopmaumnin cuctembl «yHOAMEHT—OCHOBAHUE», TPYHT MOAENMPOBANCS YNpyro-nnactuyeckum Te-
FIOM, TO €CTb [0 FpaHuLbl TEKYYECTU 3aBUCUMOCTb G —¢& NPUHMMAanach JIMHENHON. MoToM rpyHT nepe-
XOAWT B TEKYYEE COCTOSIHUE.

[ns MmogenupoBaHusl NOBEAEHUS TPYHTA 3a rpaHMLaMmn YNpyrocTy B NAacTUYECKON CTaaum ¢ Uenbio
yyeTa auccunaTMBHbIX 3eKTOB KpOMe ypaBHEHUS paBHoBecusi (1) B Mogenb BBOAMMMUCHL elle OBa
OOMONHUTENbBHBIX: @) — KPUTEPUIA Nepexoda K NracTU4eCKkoOMy COCTOSIHUIO — YCIIOBUE FPaHNYHOro paB-
HoBecusi Museca—I y6epa—boTknHa (2) n 6) — 3aBMCUMOCTb MEXAY HanpsXKeHWsSMU U CKOPOCTAMM
nedopmaumii (3) ons NNacTUYECKoro COCTOAHMS.

B3ammocBs3b Mexay CKOPOCTSMM NiacTu4ecknx AedopmMauunin U HanpshKeHUsIMK onpegensnach 3a
HeacCcoLMUPOBaHHbIM 3aKOHOM NITACTUYECKOrO TeveHus (3).

Bbl60p0M FZF(G”)O6eCﬂeHMBaﬂaCb opueHTauna d85 B COOTBETCTBUMN C 3KCNepumMeHTalnbHbIMU

faHHbiMM. C uenblo yyeTa BAUSHWS Ha nnactudeckune pecopmaumm rpyHTa OEBUATOPHbLIX U
rMapOCTaTUYECKUX COCTABMISIOWMNX TEH30pPA HAMPSHKEHUA 3TWM YacTu B MPEASIOKEHHOM Mogenu Obinn
pasgeneHbl (4).

B npeanoxeHHon modenu pacyeT rpaHW4HOro COCTOSIHMS MPOBOAWMMOCHL MO TPAEKTOPMU MPOCTOro
Harpy>xeHus, 4To Aarno BO3MOXHOCb paccyMTbIBaTb NpUpaLleHns nnactTuiecknx gedopmanuii BoO Bpemst
TEKyLLEro Lwara Harpy)eHusi, a NoToM Onpeaenstb CyMMapHble gedgopmauum (5—-6).

[ns MmogenupoBaHus NPOLECCOB YMIOTHEHUSI TPYHTOB, CXXUMAEMOCTb KOTOPbIX B COTHM pa3 GornbLlue
CXKMMAEMOCTM CTPOUTENbHBLIX MaTepuarnoB Ha3eMHbIX COOPYXXEHWI, UCMnofb3oBanack cucrtema
npeacTtaesneHun npod. B. H. Hukonaesckoro, npodp. W. IN. Borka o gunaTtaHCUOHHOW TEOPUN rPYHTOBON
cpeapl. C uenbio KOPPEKTUPOBKN HECOOCHOCTM BEKTOPOB TEH30Pa HaMPsKEHUIN U TeH30pa AedopmaLmin
npy paboTe rpyHTa B NiacTMYeCcKOM CTagmu UCMOoNb3oBaHO ypaBHeHue (7). PaspaboTtaHHas nnactunye-
ckast mogens (1 —7) no3BonsieT oTobpaxaTb NOSIBNEHUE U pa3BUTHE NIAaCTUYECKNX 30H B OCHOBaHMUSIX, a
TakXke BbISIBNSATb KOHUEHTpaumio aecdopmaumini B BEPXHER YacT OCHOBaHUS U NpakTU4eckoe Ux oTCyT-
CTBME B HWKHUX COsIX, YTO HabnogaeTcs B pearbHbIX OCHOBaHMSX oyHAAMeHTOB. B moaenu ncnonb-
30BaHbl CPeAHEB3BELLEHHbIE MEXAHWYECKNE XapaKTEPUCTUKN MHOMOCIIONHOW Cpedbl MPYHTOBOIMO OCHO-
BaHusA [2]. UHTerpMpoBaHHbIN rpadmk pedynbTaTtoB pacyeTa «Harpyska — ocefjaHue» npmBedeH Ha puc.
2. AHanu3 aToro rpacmka BbISBNSIET BO3MOXXHOCTU paboTbl OCHOBaHMS B pamKax NiacTU4eckon ctagmu.
[ns KOHTpoONs MpaBMNbHOCTU MPOBEOEHHOrO pacyeTa UCMonb3oBaHa BepudUKauusl, OCHOBaHHas Ha
COMOCTaBMEHUWN YUCIIEHHOIO PELUEHUS C PELUEHMEM 3TOW 3afadyu COrfacHO AEWCTBYIOLWUX HOPM, Npu-
BeAEHHbIX B [2].

Experimental setup

The paper contains description of practical application of method of boundary elements for
calculation of post shallow foundation designed for industrial structure pillar in its basement [2],
the graph of subsidence process within the limits of admissible values has been obtained.

Existing methods of foundations calculation are based on the notion of active zone of founda-
tion, within the frame of which the deformation is expected to develop. Existing standards and
specifications limit the lower boundary of active zone of shallow foundations by the conditions of
reduction of additional load stress up to the fraction of natural pressure. Taking into account these
references, in accordance with [2], the boundary of the zone, within which compression stresses
of foundation are of great importance by their value (in the «bulb» of compression stresses), was
digitized by triangle end elements (Fig. 1). The boundaries of this zone are defined by the nature
of the sail itself.

Considerable divergences between branches of loading (compressing) and unloading (de-
compression) determined while compression research of soil show that the soil is the environ-
ment where residual deformation prevails, that is why for calculation mathematical model of
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plasto-elastic deformation of soil was applied.

The model is the system of integro-differential boundary equations [3]. Tensor form of integral
equilibrium equation presentation, defining coupling between o —¢ on the boundary of pile for
semi-space obtained by K. Brebbija, has the following form (1).

While studying the fields of stresses and deformations of «foundation-basement», the soil was
modeled by elastic-plastic body, i. e. the dependency ¢ —¢ was assumed as linear prior to fluidity
boundary. Then the soil passes into fluid state.

For modeling of soil behavior outside the limits of elasticity on plastic stage in order to take
into consideration dissipation effects, besides equilibrium equation (1) two additional equations
were introduced in the model: a) criterion of transition to plastic state (2) — condition of boundary
equilibrium of Meases-Huber-Botkin and b) dependence between stresses and deformation rates
(3) for plastic state.

Interconnection between rates of plastic deformations and stresses was determined in accor-
dance with non-associative law of plastic flow (3).

Selection of F= F(cs,-j) provided the orientation of dag in accordance with experimental data.

In order to take into account the influence of deviator and hydrostatic components of stresses
tensor on plastic deformations of the soil these parts in the suggested model were divided (4).
The definition of boundary state was carried out by the trajectory of simple loading, that enabled
to calculate the increment of plastic deformations during current step of loading and then define
total deformations by means of addition (5—6).

For modeling of soil compression process, compressibility of which is hundreds of times
higher than compressibility of building materials used in ground structures the system of notions,
introduced by Professor Nicolaevskiy V. N., and Professor Boiko I. P. concerning dilatancy theory
of soil medium was used.

For correction of misalignment of stresses tensor vectors and deformations tensor in case of
soil work in plastic stage equation (7) was used.

The elaborated plastic model (1-7) allows to detect the emergence and evolution of plastic
zones in foundations and to reveal the concentration of deformation in the upper part of the foun-
dation, their practical lack in lower layers, that occurs in natural conditions. Average weighted
mechanical characteristics of multi-layered medium of sail basement have been used in the
model [2]. Integrated graph of «load-settling» calculation results is given in Fig. 2. The analisis of
the given graph reveals the possibility of basement work within the limits of plastic stage. For con-
trol of correctness of the calculation carried out, the verification, based on the comparison of nu-
merical calculation with the solution of the given problem proceeding from the existing norms,
listed in [2] is used.

BucHoBKH

1. B ymoBax ekcruryaTarlii uBiIbHUX Ta MMPOMHUCIOBUX OYIiBelb poOOTa IPYHTY B OCHOBAaX Mae Ipy-
KHO-TUTACTUYHUHA XapakTep, M0 OOYMOBIIOE HENIHIHHY 3aleXHICTh rpadika «HABaHTAKCHHI—

OCIOaHH.

2. I'padik «HaBaHTaKCHHS—OCIIAHHD» TOKa3y€e HAasSBHICTh PE3EpPBIB, II0 HE BHKOPHCTOBYIOTHCS B
NPOCKTYBaHHI (PyHIAMEHTIB 3TiIHO 3 YUHHIUMHU HOPMaMH B MeXax iX JiHiiHOI poboTu. [Ipyxuuit pospa-
XYHOK JIa€ 3aHMKEH] 3HAaUeHHS KOPUCHOTO HABAaHTA)KEHHSI.

3. 3anporoHoOBaHa IIACTHYHA MOJIEIh € IEPCIIEKTUBHOI0, OCKUILKU JIA€ MOXKJIMBICTH MPOBOJUTH PO3-
paxyHku (GyHIaMEHTHUX KOHCTPYKLIM B paMKax OJHi€i pO3paxyHKOBOI CXeMH 3a 000Ma IpaHUYHUMH
CTaHaMHU: 332 HECYUOIO 3JIATHICTIO Ta 3a JIe(OpMAaIliTMH.

BbiBOAbI

1.B yCnoBuaAx aKcnnyataunun pa60Ta rPyHTa B OCHOBaHUAX HOCUT yl'lpyl'O-I'IJ'IaCTVI‘-IeCKVIVI XapakTtep,

YTO NPUBOAMT K HENMHENHON 3aBUCMMOCTU rpadhmka «Harpy3ka—ocegaHune.

2. 'paduk «Harpyska—ocefaHne» nokasbiBaeT Hanmumne pe3epBoB. KoTopble He MCNOonb3yTcs Npu
NpoeKTUpoBaHnN (PyHAaMEHTOB COrflacHO AENCTBYIOWMX HOPM B pamMkax fMHenHown nx paboTbl. Ynpy-
M pacyeT AaeT 3aHWKEHHOE 3HAa4YeHNE MOSE3HOTO HarpysKu.

3. MNpeanoxeHHasa nnacTuyeckas MoAesb NEePCrneKTUBHA, MOCKOSbKY AaeT BO3MOXHOCTb NPOBOAUTL
pacyeTbl (PyHOAMEHTHbLIX KOHCTPYKUMIA B paMKax OOHOW pacyeTHOM CXeMbl MO 00OUM rpaHU4YHbIM CO-
CTOSIHMSIM: MO HecyLlen cnocobHOCTU 1 No AedopMaLUsiM.
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Conclusions

1. In operation conditions of civil engineering and industrial constructions the work of soil in
basement is of elastic-plastic character, resulting in non-linear dependence of «load-settling»
graph.

2. «Load-settling» graph reveals the available reserves not used in foundation design, pro-
ceeding from the existing norms, within the limits of their linear operation. Elastic calculation gives
underestimated values of useful load.

3. Suggested plastic model is very promising since it enables to perform calculations of foun-
dation structures in accordance with a single calculation scheme applying both boundary states:
load capacity and deformation.
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