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AHHOTALUMUA

BBepeHue. HegoctaTkom CyLLeCTBYIOLLErO pacyeTa CBan-CTOWMKN MO HeCyLLen CMOCOBHOCTU rPyHTa OCHOBAHUS ABMSIETCA
HeyyeT B ee paboTe rpyHTa OCHOBaHWSA BbiLLE CKaNbHOMo UMM ManoCcxnMaemoro Crosi rpyHTa BO BCeX Cryvasix B COOTBET-
cteum ¢ CIM 24.13330.2011. OgHako y4eT HecyLlei crnocobHOCTU 3TOro Crosi rpyHTa B paboTe cBau-CTOMKU Ha BOCTpUsiTue
Harpysku (C y4eToM Beca CBau) MOXET CyLLECTBEHHO MOBLICUTL €€ PACHETHYI0 HECYLLYIO CMOCOBHOCTb MO KPUTEPUIO He-
CyLLeln CnocoBbHOCTM rpyHTa OCHOBaHWS B KOMMIEKCe ¢ paboTou rpyHTa NOA, HKHUM KOHLIOM CBau U NMOBbLICUTb PacHETHYHO
Ha[leXHOCTb CBaW-CTOMKM MO HeCyLLel CnocoBHOCTY rpyHTa ocHoBaHWS. Lienb nccnegoBaHvst — NOBbILLEHVE JOCTOBEPHOCTM
pe3ynsTaToB pacyeTa HecyLlel cnocobHOCTY CBaWi-CTOEK B IPYHTE OCHOBAHWS, BbISIBNIEHVE CYLLECTBYIOLLEro pe3epBa He-
CyLLeln CroCcOBHOCTH CBan-CTONKMN MO KPUTEPUIO HECYLLIE CMOCOBHOCTM rpyHTa OCHOBaHWSA bnarogaps yyYety cun TpeHus —
cuenneHunst Ha 60KOBOW MOBEPXHOCTU CBau.

Matepuans! u metoabl. O6BLEKT UCCEeAoBaHNSt — CBauU-CTONKU U3 MioObIX NPUMEHsieMbIXx MaTepuanos. MeToapl pacyeToB
CBaWi-CTOEeK MOCTPOEHb! Ha OCHOBE MHPOPMALMM O 3HAYEHUSAX CUIT TPEHUS — CLIENIIEHUS U X pacnpeaeneHns no AnvHe cean
B pacyeTHOWN MOAenv nNpeaenbHOro COCTOSIHNS MO HEeCyLLeln CNOCOBHOCTU rPYHTa OCHOBAHWS.

Pesynbrathbl. [TpectasneHa pacyeTHas hopmyna npeaeribHON Harpysku Npu CxaTum CBan-CTOWKW B FPYHTE OCHOBaHMS Mo
HecyLLel CoCoBHOCTM rpyHTa OCHOBaHWSA hyHAamMeHTa 1 chopmyna koadduumeHTa 3anaca cBau rno Hecyllein cnocobHOCTH
rpyHTa ocHoBaHwusA. PacyeT Hecyluel cnocobHOCTM CBau No MPOYHOCTY MaTepuana NpMBEAEH B CCbINKax Ha nuTeparypy.
BbiBogbl. PazpabotaH meToz pacyeTa Hecylen CnocoBHOCTY CBaWi-CTOEK MO HeCyLLe COCOBHOCTM rPyHTa OCHOBaHUSA MO,
HVDKHMM KOHLIOM CBau U rpyHTa Mo ee AnnHe, KOTOPbI MOXET HauTu NPUMEHeHWe 1 ANA pacyeToB HecCyLlen CrnocobHOCTH
LwenesbIX hyHAaMeHTOB rny6okoro 3anoxeHus. MNpueegeHa KONMUMYECTBEHHAs OLIEHKa CBan-CTOVKW Ha CTaaun NpoeKTUpo-
BaHUA 0ObeKTa Co CBaWiHbIM OCHOBaHWEM, CAenaHbl NPeanockIkn ANS AanbHENLWnX nccrneaoBaHuii paboTel cBan-CToeK 1
pa3paboTkn HOpM MPOEKTUPOBAaHNS PasNNYHbIX CBal No matepuany, pabote, cnocobam Morpy>XeHvs B rpyHT U T.4.

KNMIOYEBbBIE CITOBA: cBasi-cToOlKa, CKarnbHbI FPYHT, FPYHT BbILLE CKanbHOrO, HECYLLasi CMOCOBGHOCTb MO rPyHTY, paboTa
CBawu B rpyHTe, pacyeT HecyLle CnocobHOCTH, NpeaenbHas HecyLlas CnocobHOCTb, NpeAenbHas Harpyaka, koadduueHT
3anaca
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ABSTRACT

Introduction. It is a drawback of the existing end-bearing pile design method for soil base bearing capacity that the latter is
not taken into account in the assessment of the foundation soil action above the rock or a low-compression soil layer in all
cases in accordance with the Building Code 24.13330.2011. However, taking into account the bearing capacity of this layer
of the soil base in the load accommodation by the end-bearing pile (under recognition of the pile weight) could increase its
calculated bearing capacity by the respective value of the soil base bearing capacity in combination with the soil support
action under the pile’s lower end. The objective of the research is improving the trustworthiness of the calculation result of
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the bearing strength of end-bearing piles in the soil base, identifying the pile’s bearing strength reserve by taking in account
the additional soil base bearing capacity due to the cohesive friction on the side surface of the pile.

Materials and methods. The object of the research are piles of any applicable materials. The methods of calculation of the
end-bearing piles are based on on cohesive friction values and their distribution along the pile length in a limit state calculation
model in terms of the soil base bearing capacity.

Results. The paper presents the equation of the ultimate compression load of the end-bearing pile in terms of the foundation
base soil bearing capacity and the formula for the base soil bearing capacity reserve factor of the pile. The calculation of the
pile bearing strength in terms of the material strength is referenced in the bibliography.

Conclusions. A calculation method of end-bearing piles bearing strength was developed based both on the bearing capacity
of soil base under the pile lower end and the additional soil bearing capacity along the flanks of the pile. The method could
be applied also for calculations of the bearing strength of deep slot-type foundations. A quantitative assessment of the end-
bearing pile on the design stage of a building with a pile foundation is given, prerequisite is made for further studies of the
action of end-bearing piles and development of design codes for various piles in terms of material, type of support action,
methods of immersion in the soil, etc.

KEYWORDS: end-bearing pile, rock, soil above the rock, soil bearing capacity, pile action in the soil, bearing strength
calculation, ultimate bearing strength, load limit, reserve factor
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BBEJIEHUE

B coorBercTBUU ¢ TpeboBaHusMU Mexrocymap-
ctBeHHoro crangapra 'OCT 27751-2014 «Hagex-
HOCTb CTPOUTEJBHBIX KOHCTPYKLUUH U OCHOBaHUI»
HEOoOX0IMMO TIPOBOJIMTH PACYeThl KOHCTPYKIMH MO Ha-
JEKHOCTH (0€301acHOCTH IKCILTyaTalli) U Hecylien
CHOCOOHOCTH JUIsl HEJIOMYIIEHNs] B HUX MPEBBILICHHUS
npenenbHbIX cocTosHui (1. 3.1.1) u obecrnieuenus 6e30-
MAaCcHOI! AKCIUTyaTalnu. B 4ncio Takux 3J1eMEeHTOB BXO-
st cau-croiiku. ITo CIT 24.13330.2011 cBau-cToiiku
PAcCCUMTBIBAIOTCS 10 MIPOYHOCTH MaTepuasa CBau Mpu
MX CKATUM IKCIUTyaTallUOHHOW Harpy3Kou M 1O Hecy-
1IeH ClIoCOOHOCTHU TPYHTA IO/ HUYKHUM KOHIIOM CBaH.
BnusiHue rpyHTa OCHOBaHUS, PAcIOIOKEHHOTO BBIIIE
HIDKHETO KOHIIA CBau, Ha HECYIIYIO CIIOCOOHOCTh CBau-
croiiku mo CII 24.13330.2011 u apyrum HOpMam He
YUUTBIBa€TCA. DTO MOXKHO OOBSCHUTH TEM, YTO Iepe-
MEULICHUE CBaM, YIIUPAIOLIEHCS B CKaJIbHBIN WIX MaJIO-
C)KMMaEeMBbI TPYHT, IPAKTHUECKU PaBHO HYIIO, TO3TO-
MY HET JIB)KEHUS CBau U, CJIEIOBATEIILHO, SIKOObI HET
BO3JIEMCTBUS CUJI TPEHUS Ha cBaro. B neiicTBUTENbHO-
CTH CUJIBI TPEHUS BOHUKAIOT HE TOJIBKO MPH JBIKCHUN
CBaM, HO U ITPU OTCYTCTBUU MEXaHHMUECKOT0 IIepeMelie-
HUS CBaW Kak IIeJIOTO, @ UIMEHHO B Pe3yJIbTaTe MUKPO-
nepemMeneHni (JeopmMaruii) MoBEpXHOCTHBIX CJIOEB
CBaM, HaXOJAIIMUXCA B KOHTAKTE C TPYHTOM OCHOBAHUS
[1-7]. Bropo#i, Oonee 00bEKTHBHOM MPUYMHON Heyue-
Ta paboThI rpyHTA B PabOTE CBAH-CTOMKH MOXET ObITh
OTIpaBJaHO TO, YTO HA HUXKHEM KOHIIE CBal BO3HHUKAIOT
OTPHULIATENBHBIE CHJIbI TPEHHS — CLEIICHHUS [, Tp(x) Ha
MOBEPXHOCTHU CBau B pe3yJbrare ee Je)OpMUpPOBaHHUS,
BBI3BAHHOTO CHJION PEeaKIIMK B HUKHEM OTIOPHOM KOHIIE
cBau GrpA unu RA, HanpaBineHHOM BBepX. B aToMm ciy-

4ae OTPHLATENbHbIE CHIIBI TPEHUS — CLEMICHHUS | Tp(x)
OT peakLuu orpA Wi RA OynyT HanpaBJieHbl BHU3 CBaH,
T.€. IPOTUBOIOJIOKHO HAMIPABICHUIO CUJ TPEHUsI—CIIe-
wieHus f{x) OT Harpy3Ku B BEpPXHEM KOHILIE CBau U Oy1yT
CHIKATh €€ MOJIOKUTENbHYIO Poiib B pabore cBau. Of-
HAKO POJIb U 3HAYEHUE OTPULIATEIbHBIX CHJI TPEHUS —
CIIETIJICHUs] B paboTe CBail-CTOEK MOKA HE BHIBIICHBI.

Yder paboThl I'pyHTa OCHOBaHHS B CBasX-CTOM-
Kax MpH pacyeTe HecyIel CocOOHOCTH 0 KPUTEPUIO
HeCyllel CroCOOHOCTH I'PYHTa OCHOBaHUS M CHIDKE-
HHE OTPHIATEILHEIX CII TPEHHA f Tp(x) MIPEJCTABISAIOT
MIPAKTUYECKUH HHTEPeC, TaK KaK BO3MOKHBI UCIIOJIB30-
BaHHE pe3epBa Hecyllei CloCOOHOCTH IPyHTa OCHOBA-
HUS ¥ SKOHOMHUYEeCcKuit ahdhekT npu ycTpoiicTBe cBaii-
HOTO OCHOBAHUSI.

W3ydeHuto BIUSHUS CUJ TPEHUS — CLEIUICHUS Ha
MOBEPXHOCTH CBail mocBsieHbl padotsl [§—10]. Pacuer
cBaii-cToek 0e3 ydera paboThl BEPXHEro CJIOsl IPyHTa
OCHOBaHMS PacCMOTpeH B Tpyaax [11, 12].

MeTton pacuyeTa HecCylle CIIOCOOHOCTH CBaii-
CTOeK B oCHOBaHMsAX (pyHmameHnToB npuseneH mno CIT
24.13330.2011 «Cpalinple OCHOBaHHUS», OJHAKO 0€3
yueTa Hecyllel criocoOHOCTH IPyHTa OCHOBAHUS BbILIE
CKaJbHOTO MJIM MaJOCKHMaeMoro rpyHra. B mocuen-
Hee BpeMs MPEITIOKEHbI HOBbIE pAaCUeTHBIE CXEMBI pa-
0OTBI BUCSYMX CBail U CBaii-CTOEK B IPYHTE OCHOBAHUIA,
B KOTOPBIX YUYHUTHIBACTCSI HOBBIA MOAXOA K OMHCAHUIO
paboThI cBaif MO/ HArpy3KOM B TPYHTE OCHOBAHUS B CO-
CTOSIHUM UX TOKOSI, @ HE «CpbIBay [2—4]. DToMy Bompo-
cy nocssiieHsl cratbu [13—15]. B nybnukanuu [16]
MIPOIEMOHCTPUPOBAHBI PE3yJIbTaThl HAOIIONEHUI 3a
OOKOBBIMH CHJIAMH TPEHHMSI CBail IPU Pa3IMYHbIX CHIIAX
HarpykeHus. Ha ocHOBe NMpoBeIEHHBIX 3KCIIEPHUMEH-
TaJbHBIX HccIe0BaHui [17] BBIBICH MEXaHU3M Tpe-
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PacyeT HecyLei crioco6HOCTH CBai-CTOEK C y4eTOM TPEHUSI-CLIeNIeHUs Ha MoBEePXHOCTU cBau

C.1-11

HHU Ha IOBCPXHOCTHU CBau, HaXO[l)ILHefICH B I'PYHTEC 110/
Harpy3koil. B cBete 00cyxmaeMoii B cTaThe MPoOIeMbl
NPEACTaBIISIIOT HHTEpeC pabotsr [18-20].

B xnure [21] paccmoTpena paboTa cBau B IpyH-
TC€ OCHOBAHUS C YUCTOM )le(i)opMauym CXKarus CTBOJIa
CBau, 4TO HAIJIO OTPAKCHUC B HaCTOﬂLlIeﬁ cTarke, rae
HNCTOYHHUKOM CHUJI TPECHU MIPUHATO MUKPOTIEPEMEILICHUC
(medopmarirst) MOBEPXHOCTHBIX CJIOCB CBAaM, HAXOJs-
HIUXCA B KOHTAKTEC C TPYHTOM OCHOBAHMUA.

HO}IBOILH HTOT, MOXHO OTMETUTH OIrPaAaHUYCHHOCTDb
UCCJIE/IOBAaHUN 110 pa3padOoTKe METO/IOB pacyera He-
Cyleil CoCOOHOCTH CBal-CTOEK C yueTOM Hecyluen
CIIOCOOHOCTH IPyHTa OCHOBaHHSI BBIIIE CKaJbHOTO, He-
00XOMMOCTh HCIIONb30BAaHUS pe3epBa HeCyllel cro-
COOHOCTH CBaii 3a cyeT yuera pabOThI TPyHTa BBILIE
CKaJILHOTO U Pa3pabdOTKy METO/IOB pacyera cBaii-CToeK
[0 HEeCyllel COCOOHOCTH IPYHTA BBIIIE CKAIBHOIO,
YTO MOBBICUT UX HAJACKHOCTb U IPUBEAET B HCKOTOPBIX
ciydasx (mpu OOJBIION JJTMHE CBaM) K SKOHOMHUYECKO-

My 3 dexry.
MATEPHAJIBI U METO/JbI

Jlst pa3paboTKu MeTo/a pacyeTa HeCyIlen CIo-
COOHOCTH CBam-CTOWKH C Y4eTOM pabOThl TPYHTa,
PAaCIHOIO0KEHHOTO BBIIIE CKAJIBHOTO MIIM MajoCKUMa-
€MOro, Ipe/IBAPUTENILHO PacCMOTPUM paboOTy CBau-
CTOMKM B TPYHTE OCHOBaHUs. B oTiuuue oT cylecTy-
FOILETO MPEICTaBICHHs paboThl cBau-croiiku mo CII
24.13330.2011 Ha mpakTHKE MOTYT PEaTu30BBIBATHCS
[22-24] paznuuHble BapuaHTbl (QYHKIIMOHHUPOBAHHUS
CBaU-CTOIKM B TPYHTE OCHOBaHUS MOCIE ee 3a0MBKHU
(morpy»keHus B rpyHT) JI0 CKaJIBbHOTO MJIM MaJIOC)KUMa-
€MOro I'pYyHTa, MpeACTaBICHHBIE HAa pHC. |, mocne ux
HarpyKeHUs pa3IM4yHOM 110 3HAYECHUIO CUJION 1

Bapuant mo puc. 1, a cooTBeTCTBYeT Majoi Ha-
rpyske /', uim 60JIbLIOH JUIMHE CBaK, a TAK/KE HPH TIIy-
OOKOM 3aJieraHuy CKaJbHOTO TPYHTa. YUYacTOK CBau
uimHOM (H — h) no Bapuanty 1, ¢ B pacuerax Io He-
CylIel CrloCOOHOCTH TPYHTa OCHOBAHHMS SIBJISIETCS pe-
3€pBHBIM 3J1€MEHTOM. VcIIob30BaHNe TaKOU CBau He-
3¢ GEKTUBHO MO pacxoay MaTepuala cBau. BapuaHT o
cxeme (puc. 1, b) HarpyxeH cuioi I > F, HO MeHb-
1€ NpeJieNibHOM Harpys3ku N, Kak NOKa3aHo Ha cXeme
(puc. 1, ¢) npu NOTHOM HCHONB30BAaHUM HECYIIEeH CIo-
cOOHOCTH TpyHTa ocHOBaHMs. Harpyska Ha cBaio 1o
puc. 1, b onipezessieTcst U3 yCIOBHs pAaBHOBECHS CHII 10
cxeme (puc. 1, b) o dpopmyie:

Feod+ul f @dc—uf f, e (1)

OtpunarenbHble CHIIbI TPEHHS — CLEIEHUS [, Tp(x)
BO3HUKAIOT BCleAcTBHE AedopManuii MaTepuala cBau
or cuibl 6 A. Ilpu 3amure cBal B HIDKHEM KOHILE OT
BO3/ICHCTBHUS CHUJIBI f, Tp(x), HallpuMep MpU U30JALUU
HIDKHEH 4acTH CBau OT IPYHTa OCHOBAHUS, HAa yYacTKe

JumHHOU H — h, popmyna (1) nmpeacraBurcs B BUjeE:

F=o A+ uj; f(x)dx. )

B nanpHeiiiem B gaHHO#M pabore Oyaem paccMa-
TpPHUBaTh pacyeT Hecylleld crocoOHOCTH CBau, Mepon
KOTOpOH OyzieT 3Ha4eHue NpeebHON Harpysku N, 1o
BapUaHTy pPacyeTHOM cXeMbl puc. 1, ¢, KoTopas hopMu-
pyeTcs u3 cxeMsbl puc. 1, b B pe3ynbrare Bo3pacTaHHs
Harpysku I, 6e3 y4era f| ()

B ¢opwmyre (2) HanpsokeHue C,, B CKaIbHOM W1
MaJIOC)KUMACMOM I'PYHTC OCHOBAaHUS 11O HUKHUM KOH-
LIOM CBau MOXXHO OIIPEJIENINTh MO PEe3yNbTaraM UCIIbI-
TaHWUH IPyHTA (HAIPUMEp 10 METOJY, PACCMOTPEHHOMY
B cTarbsix [23, 25]) niu 1o ucsiTaHusIM NpoOHOIT cBan

E F>F, N,
0 \L 0 \L q(0)=0 0 \L q(0)=0
7 | Ve B 7 7 7
| | |
H ol g (Nose # ol (1 |Now
4 | 4 | 44 | 4
| | e (h) =0 | e (h) =0
| | e TN AR
CKaJIbHBIN | | |
TpyHT |
0, A<R A R A

8 - S

< 5
=

o =<3
=

Puc. 1. BapuanTsl paboThl CBau-CTOHKH B TPYHTE OCHOBAHUS: ' — pacueTHas Harpy3Ka (C y4eToM Beca cBau); N, — Ipesieiib-

Has Harpy3Ka IO HeCyIllel CoCOOHOCTH IPYHTa OCHOBAHHUS; f, Tp(x) — OTpULATEJIbHBIE CUIIbI TPEHUS—CLETUICHUS
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