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IloBenenne moaeneii NIHTHO-CBAIHBIX (PYHIAMEHTOB NMPH MUKJIHYECKOM HATPY/KEHHH

AHHOTALIHS

3,Z[aHI/I$I U COOPYXKCHHA U HUX OCHOBaHUA, HapAAY CO CTATUYUCCKUMHU, NOABCPrarOTCA
BO3ACHCTBHIO LIUKIMYECKUX Harpysok. [ledopmupoBanus miautHO-cBaiHOrO (yHIAMEHTA B
nponeccCce MUKITNICCKUX Harpy)KeHI/Iﬁ OPAKTUYCCKU HC H3YUCHBI. B cBsazu ¢ 3tuM aBTOpaMu
OPOBCACHBI SKCIICPUMCHTAIBHBIC UCCIICIOBAHUA MO,Z[CJ'ICI\/'I MJIATHO-CBAMHBIX (byH,Z[aMeHTOB npu
MUKINICCKOM HATPYKCHUU. HpOBC,Z[CHHbIC HUCCIICAOBAHUA MO3BOIUIN YCTAHOBUTH OCHOBHBIC
3aKOHOMEPHOCTH ~ Ac¢(OPMHUPOBAHUS CHCTEMBI «(IUIMTHO-CBAWHBIH (VHOAMEHT — TPYHT
MEKCBAMHOTO TpocTpaHCTBa». Llukmmdeckoe HArpyXeHHE NMPHUBOIUT K CHIJKEHHIO HECYINEH
cnocobHocTH Ha 66,7 % Ha 6a3e 2500 IUKIOB, MO CPABHEHHUIO CO CTATHYCCKUM HATPY)KCHHEM.

KitroueBbie ¢j10Ba: MIMTHO-CBAMHBIHA (DYHAAMEHT, TPYHT, LHKIHYCCKOS HAIPYKCHHE, OCAIKA,
HAIPSDKCHIUS, YCHUIHS, MEKCBAHHOC MPOCTPAHCTBO, JIOTKOBBIC HCIIBITAHUSI, HECYIIAs CIIOCOOHOCTB.

[Ipr BBHICOKHMX VpPOBHSAX HArpy3KH Ha TPYHTOBBIC OCHOBAHHUS WM HEOMArOMPHATHBIX
TPYHTOBBIX VCIOBHAX OJHHUM H3 CIOCOOOB YBEIHMUCHHS HECYINCH CIOCOOHOCTH SIBISIETCS
npuMeHeHHE TuTHO-cBaiHbIX (KITC®D) dynaameHTOB.

UccnenoBanuro IUIMTHO-CBAWHBIX (YHAAMCHTOB MOCBALICHO OONBIIOE KOTHYECTBO
pabdor. OgHAKO 3TH HCCICAOBAHMS B OCHOBHOM OTrPAHUYHBAIOTCS YCTAHOBICHHUEM OCHOBHBIX
TCOPETUUCCKUX 3aKOHOMEPHOCTEH M OCOOCHHOCTEH PaboThl ITHTHO-CBAWHEIX (DYHIAMEHTOB
HOJA KPaTKOBPEMEHHOM CTaTUYECKOM HArPY3KOH.

3aHus, COOPYKEHIS U X OCHOBAHUS, HAPSAY CO CTATHUYCCKUMH, TIOABEPTAIOTCS BO3ACHCTBHIO
Pa3MIHOTO POAA IMKIIMHYECKUX HArpy30K, KOTOPBHIE B IIEIIOM PAAC CITYYacB SBILFOTCS OCHOBHBIMH
OIPSACTSIFOIIMMH OC30MACHOCTh M 3KCILTYATALIMOHHYEO MTPUTOIHOCTD 3CMEHTOB 3aaHust [ 1-3].

CosmecTHOe neOPMHUPOBAHNE CHCTEMBI «CBAaW — IUTUTHBIA POCTBEPK — TPYHT
ME)KCBAMHOTO MPOCTPAHCTBA» C VUETOM NEPEPACTIPENCTCHAS YCHIMH MEXKIY OTIACTbHBIMH
3JEMEHTaMH B TIPOLIECCE UKINICCKUX HATPYKEHAN MTPAKTHYECKH HE H3YUCHO.

B cBsa3u ¢ BBIICH3NOKCHHBIM BO3HHKACT HEOOXOIUMOCTb HCCICAOBAHHS MOBCICHUS
IJTUTHO-CBAWHEIX (DYVHIAMECHTOB IPHU LUKIHYECKOM HATPYKCHUH.

JKCIICPUMCHTAIBHEIC UCCIICAOBAHUS NPOBOJUINCH B OOBEMHOM 1a0OPATOPHOM JIOTKE C
pasmepamu  1,0x1,0x1,0 M (puc. 1). B xauectBe pocTBepka Moxmenn (QyHAAMCHTA
HCIONB30BANACh Jkene300eToHHas mmuTta ¢ pasmepamu 400x400x40 MM, apMmupoBaHHAs
MPOBOJIOYHON apMatypoii 93 Bp-1.

Puc. 1. BuemHAH BHA HCIIBITATCIIBHOT'O CTCHIA
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Ceau MOACTHPOBAIUCH MOJIBIMU TUIACTHKOBBIMU TPYOKaMH JHAMETPOM 7 MM, C JTHHOH
400 MM u TonuuHON cteHku 1 MM, Jledopmarinu cBail OpeaSTIsIUCh ¢ MOMOIIBIO HAKJICCHHBIX
10 IJTUHE TCH30PC3UCTPOB.

VcraHoBka CBadl OCYINECTBIIACE OYTEM ITOCIOHHON OTCHITIKM W VIUIOTHCHHS TPYHTA
MEKCBAaMHOIO MPOCTPAHCTBA.

I'pyntoM oCHOBaHUs SBISIACH Cymech moayTBepaas (Moayiap aedopmaruu E=4,1 Mlla,
yronm BHyTpeHHero Tpenus (P =15°, yaemsHoe cuerenue C=3,3 klla, miotHocts p=14 kH/,

BraxxHocth W=11 %). [laBneHue B rpyHTOBOM MACCHBE OIMPEAC/SIOCHh C MOMOIIBIO JTATIHKOB
AABJICHUS. CXCMBI PacCoIOKCHUA TCH3OPC3UCTPOB B CBAadX U AJATUMUKOB AABJICHUA B TPYHTC
MIPUBEAEHBI Ha PHUC. 2.

Pacnonoxerue spyHmMosix Samyuxce

Cxema pecranoxenus ceall ¢ damyuxemy (8ud cnepedu nepesi pad)
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Puc. 2. CxeMBbI pacmiofIOKCHAS TCH30IATYHKOB

[Ipu mpoBeAcHNH 3KCIIECPUMEHTANTBHBIX HCCICAOBAHUN (HKCHPOBAIHCH MEPECMEIICHHUS
ITHTH (DYHOAMCHTA, BEPTHKANBHBIC H TOPH3OHTAIBHBIC NMEPEMCINCHHUS cBal, acdopMmauus B
FPYHTOBOM OCHOBAQHHUU, B CBAsIX U apMaType INIUTHOIO POCTBEPKA.

IlpoBenennpie WCCIEAOBaHWS MO3BOIMIN VCTAHOBHUTH OCHOBHBIE 3aKOHOMEPHOCTH
W3MCHCHHUS  HANPsDKCHHO-IC(QOPMUPOBAHHOTO  COCTOSIHASL OCHOBAaHHS  IUIMTHO-CBAHHOIO
(hyHAaMEHTA B IPOLIECCE LIUKITUICCKOTO HATPYKCHHSL.

Hsmenenns ycunuii B cBasdx, pacHojIOKEHHBIX B XapaKTEPHBIX 30HAX IUTUTHO-CBAHHOIO
¢dyHaaMeHTa, npuBeacHbel Ha puc. 3a. Kak BHAHO M3 PUCYHKA, LUKIMYECKOC HATPYKCHUC
MIPUBOJUT K VBETUUICHUIO YCHINH B CBasX. XapaKkTep M3MEHEHUS YCHJIMH B CBasAX MMOKA3bIBACT
MIEPEPACIPEACTICHAC YCHUIIHI U3 CBAH B IPYHT MEKCBAHHOTO MIPOCTPAHCTBA.

Ha puc. 36 mpuseacHs! rpaduku H3MECHEHUS HAMPSHKCHHI B PA3UYHBIX 30HAX TPYHTA
MEKCBaMHOTO mpocTpancTsa. Kak BUIHO M3 PHCYHKOB, IPOUCXOANT VBEIUICHHE HANPSKECHUH
B TPYHTE BO BCEX 30HAX IPYHTA IO MEPE VBEIWYCHHS KOJIMUYECTBA IIUKJIOB HarpykeHus. llpu
3TOM HEOOXOAMMO OTMCTHTh, YTO HAHWOONBLICC YBCIHUCHUC HANPSUKCHUH MPOUCXOAUT B
MAaCCHUBE IPYHTA MO IJIUTHBIM POCTBEPKOM.

[uxmmdaeckne HArpyXKeHHA BBI3BATHM YBEIHUCHHE OCAJOK OCHOBAHHUA KaK B Ipeaeiax
ILTUTHOTO POCTBEPKA, TAK U 34 €ro ImpejaeiaaMu, MPUIEM HHTCHCUBHOCTb UX PA3BUTHUS 3aBHCHUT
OT KOOpAUHAaTHI paccMarpusacMoii Touku. Ha puc. 4 mpuseaeHs! rpaduku yBETHYCHHS 0CAIKH
OCHOBAHUS B 3aBUCUMOCTH OT KOJIHYECTBA LIUKJIOB H HATPY3KH.

200



Hasecmua KTACY, 2012, Ne 4 (22) Ocnopatug ¢ chysdaMesmsl, 10DBEMHbIC COOPYkeHud

180
160 Bren.1 Ban)
= >
! 140
100 i Dm‘r’ Jucn.3(yrnoean)
- Pren.1(uepTpansHag) ;_&.__.—-gz
c 7%“2( ueHTpasoHan) 3wen.3{pAaosan]
=~
40 ' 7
—— RO 3(UERATPanGHaR]
20{
°3
& & & & 8 § § &
Konuuecrso ynxnos, N
a)
b 9«cn.2(uamv6m'e4om4)ahzlm 3kcn.3(fa rnyOuHd 2cm
g % — |
. ,o_'/’j Sucn.d(Ha rny6uge 40cm
—/
§ 70 - Jxen.1(Ha rnybune 2em)
e 3xcnfl(HarnyGyme 40cm)
60
50 / w
40 - I Ixcn, 3wy onyGune 0cm) |
cn.1(Ha ryOuHe 204m)
30
20
10
°°
8 8 & 8 &8 & 8
Konuuectso yuxnos, N
0)

Puc. 3. U3MeHeHHE:
a) YCIIIMH B CBASIX INTHTHO-CBAWHOTO (D)YHIAMEHTA MO ACHCTBHEM [UKIMYCCKOM HATPY3KHY,
0) HATPSDKEHMSL B TPYHTE O ICHCTBHEM ITMKIMICCKOM HATPY3KH HA PA3HBIX YPOBHAX OT IUTUTHI POCTBEPKA
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Puc. 4. T'paduk: a) pa3BUTHA 0CAAOK OCHOBAHHH MOJCICH TUTHTHO-CBAWHBIX (J)YHIAMCHTOB
TIPH PA3THYHBIX YPOBHIX HATPY3KH, 0) 0CAAKH OCHOBAHUS (DYHAAMEHTA IJIMTHOTO POCTBEPKA
nocae 1500 DUKIOB CTYNEHYATOr0 HATPYKEHUSA (SKCICPHUMEHT 3)
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U3 puc. 4 suano, uto mocie 200 mHMKIIOB IMOBTOPHOIO HATPYKEHHS HHTCHCHUBHOCTH
HApacTaHUsl OCAJAOK CYLICCTBCHHO VMCHBINACTCSA, HO TMOJHOW WX CTaOHIH3alMUd  HE
HaOmogactest. Takas 3aKOHOMEPHOCTh PAa3BUTHS OCAAOK OOBSCHSCTCS TEM, YTO B OOIIEM
clIyyae M3MCHCHHE OCAagOK 3aBHCHT OT pasBuThd AcdopManuid TPYHTA MEKCBAHHOIO
MPOCTPAHCTBA MMOJ POCTBEPKOM, AchopMaLmii CABUTA MEKIY TPYHTOM U CBasMH U Achopmannii
TPYHTA B 30HE MO HIDKHAM KOHIIOM CBai.

B nauaneHOU cragum peanusyrorcsa AcOpMAlUU VIUIOTHCHHS MNPAKTHUYCCKH BO BCEX
soHax. [Ipupamenue nedopmanmii ymaotaenus nocie 200 LUKIOB HATPYKCHUA MPAKTUUICCKU
MIPEKPAIIAETCS, YTO BBI3BIBAECT YMEHBIIIEHHE HHTCHCHBHOCTH HAPACTAHUA OCaI0K.

Ocagku OCHOBAaHHS, U3MCPCHHBIC B IMPOLIECCE CTYMEHYATHIX CTATHUCCKUX HATPYKCHHN
MOCNE PA3IMYHOrO KOMTHYECTBA MOBTOPHOH HArPY3KH, U3MCHSIOTCS aHAJIOTUYHO AchopMaLHiIM
TPYHTa MEXCBAHHOTO MPOCTPAHCTBA.

Kax BugHO u3 puc. 40, IpoUCXOAUT KAYSCTBEHHOC NMpeBpalncHue quarpamvel P — S, T.¢.
NEPEX0A KPHBOJIUMHEHHOM AuarpaMMbl B MPSIMOIHMHEHHYIO, UTO CBHJAETENBCTBYET O MEPEXOAE
JnehopMUpPOBaHUS IPYHTA B TUHCHHYIO CTAIHUIO.

AHanmM3 H3MEHEHUS OCaJA0K OCHOBAHHH HPH CTYIICHYATOM HATPYKCHHHM IOCTE
Pa3TMYHOrO KOJHYECTBA IHKIOB TIOKA3bIBACT, YTO IPHUPAINEHHUE OCAJOK IIPOHUCXOANT B
OCHOBHOM 3a CUET VBEITHUCHHS HX OCTATOUHOH yacTH (puc. 40).

Bennmunba ke ocagkn B TEUEHHE OJHOTO IIHKIA MEHAETCA HesHauutenpHO. [lpm
HCHBITAHUAX 3a(QHUKCHPOBAHBl H3MCHEHHS OTHX («YIPYTHUX») OCagOK MO MEpPE YBETHUYCHUS
KOJIMYIECTBA ITUKJIOB HarpykeHuil. B Teuenme mepBbix 20 IIMKIOB 3TH OCAOKH HECKOIBKO
yMmeHbIIaTcd. CHIDKEHHE «VIPYTHX» OCAJOK MOXKHO OOBSACHHUTH YIUIOTHCHHEM 3a CYET
VMCHBIICHH O0BEMa MOP TPYHTA, KOTOPOE IO WHTCHCHBHOCTH OIEPEKACT YMCHBIICHUS
MOAYNS cAaBUra AchopMalMii CABHIa MEKIY CBASAMH H OKpYKaromuMm rpyHToM. Ilockombky
MHTEHCHBHOE YIIOTHEHHE IPYHTA MIPOMUCXOIUT B HAYAIBHBIHN MEPUOA OBTOPHBIX HArPyKEHHH,
a M3MCHCHME CLICIUICHHUS MCXKIY TPYHTOM U CBASIMH SBJISICTCS OONCEe JIUTECIBHBIM MPOLIECCOM,
10 yke mocne 20 NMKIOB Harpy)KeHHH «YIIPYTHE» OCAJKH OCHOBAHHH HAYHHAIOT
yBenUUMBaTeCA. B ciyuae, ecnn He JOCTHraeTcs NPENEThbHOE COCTOSHHE OCHOBAaHHUA, K
MoMeHTY 1200 1MKIOB HArpy:KEHHsT HACTYNAcT OTHOCHUTENbHAS crabuiam3anus, T.c.
3aBucuMOcCTh F — S, cranoBuTCs Giu3Koil k IuHEHHOI (puc. 46).

Ilpraueb, BBHI3BIBAIOIIME W3MEHEHHE «(YIPYTHUX» M OCTATOYHBIX OCANOK, BEPOATHO,
pasnudHBL. «YTpyras» 4acTb OCAAKH CBI3aHA C PAa3PYIICHHEM CTPYKTYPHBIX CBS3EH MEXIY
TBEPABIMM YaCTHIAMH TPYHTA H YMEHBIICHHEM MOAVIA CLCIUICHHS MEXKIY CBAasAMH H
OKPYKAIOIUM TPYHTOM, 4 OCTATOYHAS YacTh — C HEYOPYIHUMH JeQOPMALMIMH TPYHTA IO
IJTUTHBIM POCTBEPKOM BCICACTBHE BHOPOIION3VUCCTH U PA3BUTHS MHUKPOTPCIIMH YCTAIOCTH B
MTACTHYCCKH Ae(hOPMHPOBAHHBIX TOKATBHBIX 30HAX.
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Behavior of plate-pile foundations models under cyclic loading

Resume

At high load levels on the ground or adverse ground conditions, one way to increase the
carrying capacity is the use of plate-pile foundations. Buildings and structures and their
foundations, along with static exposed to various types of cyclic loads, which in many cases are
the main determinants security and integrity of the building elements. The joint deformation of
the «pile — slab grillage — ground between pile» with regard to redistribution of effort between
the individual elements in the process of cyclic loading is practically unknown.

In this regard, the authors conducted experimental research models plate-pile foundations
under cyclic loading. Our studies have established the basic laws of deformation of plate-pile
foundation — soil of between pile space.

Change efforts in the piles are located in specific zones of plate-pile foundation are
shown in this work. As can be seen from there loading does not lead to an increase in effort in
piles. Nature of the change effort in piles shows the redistribution of effort from the piles into
the ground between piles.

Under the action of cyclic loading is increased sediment basement up to 30 % compared
to the first dive, effort and stress in piles in the ground of between pile space.

Cyclic loading reduces the carrying capacity of 66,7 % based on 2500 cycles compared
with static loading.

Neglect the influence of cyclic loading in the engineering of plate-pile, pile foundations
can lead to excessive strain and loses stability of the base.

Keywords: plate-pile foundation, soil, cyclic loading, sludge, tension, stress, between
pile space, trough test, bearing capacity.
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