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MPUN YCTPONCTBE BYPOHABUBHbIX CBAU
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O CTATbE AHHOTALWMA

Monyuena: 08 aekabps 2019 PaccmoTpeHa npuHUMNManbHO HOBasi MeToAMKa pacveTa YCTOWYMBOCTU CTEHOK
MpuHsiTa: 27 siHBaps 2020 6ypOBOI CKBaXWHbI NPU WU3rOTOBMEHUN (PYHOAMEHTOB C MpUMeHeHneM BypoHabMBHbIX
Ony6nukosaHa: 27 mapTa 2020 cBaii. PyHAaAMEHTbI Takoro BMAa HaxoAsaT Bce Gonbluee NpUMEHeHWe B CTPOUTENbHOWN

NpaKkTMKe B CBA3W C pacTyLUel M YMIOTHSIOLWENCS 3aCTPOMKOW He TOMNbKO rpaxxO4aHCKMX
3[aHNA, HO U PEKOHCTPyMpyeMbix NMpon3BOACTB. Bo3HukaeT HeobxoaumocTb 6onee ae-
TanbHOr0 PacCMOTPEHWS BHELLHUX hakTopoB (B 30HE rPYHTOBbLIX MaCCUBOB), OKa3blBalo-
LMX BO3JENCTBME HaA YCTOMYMBOCTb CTEHOK OypOBOWM CKBaXWHbI B TOSMLE FPyHTa.
Mo MHeHuO aBTOPOB, METOAMKA YyCTaHaBMMBAET 3aBUCMMOCTb MEXAY FreOMETPUYECKNMM
napameTpamu 6ypoBOW CKBaXWHbI, K KOTOPbIM OTHOCSTCSI TNy6MHA CKBaXWHbI U ee Mno-
CTOSIHHbBIA AMaMeTp Ha BCEM MPOTSHKEHUN, N DU3NKO-MEXaHNYECKUMUN XapaKTepucTUKkaMm
rpyHTa (yAenbHbI BEC, Yron BHYTPEHHEro TPeHWs U MoAdynb AedopmMauv) nnowagkv
cTpoutenbcTBa. [peanaraemas metToamka pacyeTa No3BOMSET ele Ha CTaauu NpoekTu-
poBaHus onpeaensTb Heo6XOAMMOCTb Ha3HaYeHWs AOMOSHUTENbHBIX MEPONpUATUIA MO
3aLUMTe CTEHOK CKBaXWH OT 0OpyLUeHWs npu ycTponcTBe 6ypoHabusHbIx cBai. K gonon-
HUTENbHBIM MEPONPUATUAM MPUHATO OTHOCUTL NPUMeHeHue GypoBbIX PacTBOPOB, WC-
nonb3oBaHne obcagHbIX TPY6 1 nNp. HeobxoaMMOCTb HasHaYeHWs ykasaHHbIX Meponpus-
TUIA BrieyeT 3a coboi MosBMEHNEe 3HaAYMTENbHON IKOHOMUYECKOW COCTaBMSIOLLEN B KO-
HEYHON CTOMMOCTN 06bekTa. CoBpeMeHHble peanuu Npy BbIMOMHEHNW NMPOEKTHbLIX paboT
TpebyloT AeTanbHOro 060CHOBaHUSI NPUHATBLIX PELUEHUA C Lienblo CHUXKEHUS maTepuano-
€MKOCTWM W TPYAOEMKOCTW, B KOHEYHOM CyeTe CTOMMOCTM 0ObekToB. [1o pesynbraTtam
npoAenaHHon paboTbl B Xo4e MaTeMaTU4ecKoro JKCrepvMeHTa Heobxoaumas 3aBucH-
MOCTb aBTOpamu yctaHoBneHa. bypoBasi ckBaxuHa ByaeT coxpaHsTb CBOIO reomeTpuye-
CKYI0 HEM3MEHSIEMOCTb B Criyyae, KOrAa HanpsbkeHust B rpyHTe OyayT MeHbLUe KeCTKOCTU
BblAEMNEHHOro A5 NOCTPOEHUSt MaTemMaTU4eCKOro aKCMeprMeHTa rpyHTOBOrO afieMeHTa.
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ARTICLE INFO ABSTRACT
Received: 08 December 2019 In this article, the authors aim to consider a fundamentally new methodology for
Accepted: 27 January 2020 calculating the stability of the walls of a borehole in the manufacture of foundations using
Published: 27 March 2020 bored piles. This kind of foundations is increasingly used in construction practice in con-
nection with the growing and compacting development of not only civil buildings, but also
Keywords: of reconstructed industries. There is a need for a more detailed consideration of external
is a borehole, bored piles, construc- factors (in the area of soil massifs) that affect the stability of the walls of the borehole in
tion of foundations, earth element, the thickness of the soil. According to the authors, the technique establishes a relation-
the sliding surface of the soil, soil ship between the geometric parameters of the borehole, which include the depth of the
collapse, buckling walls, the soil, the borehole and its constant diameter throughout, and the physical and mechanical charac-
bottom of the well, the characteris- teristics of the soil (specific gravity, angle of internal friction, and deformation modulus) of
tics of the soil, tension. the construction site. The proposed calculation method allows us to determine at the de-

sign stage the need for additional measures to protect the walls of the wells from collapse
when installing bored piles. Additional measures include the use of drilling fluids, the use
of casing pipes and more. The need for the appointment of these measures entails the
emergence of a significant economic component in the final cost of the object. When
carrying out design work, modern realities require a detailed justification of the decisions
made in order to reduce material consumption and labor intensity, and ultimately the cost
of the facilities. According to the results of the work done in the course of the mathemati-
cal experiment, the necessary dependence was established by the authors of the article.
The borehole will maintain its geometric immutability in the case when the stress in the
soil is less than the rigidity of the soil element allocated for the construction of a mathe-
matical experiment.

© PNRPU

IIpu BO3BEeaEHUM KOHCTPYKLUUH (PyHAAMEHTOB, M3rOTABIMBAEMbIX C MPUMEHEHUEM Oypo-
HaOMBHBIX CBail, HanboJee BaXKHBIM MapaMETPOM SIBISETCS TeOMEeTpUUecKasi TOUHOCTh MEXKITY
CBaci, NMPUHATOM B IMPOEKTHOM JOKyMEHTaluu, U CBaeH, (pakTUUECKH H3TOTOBJIEHHOM Ha
cTpouTenbHOM momnanke [1-4]. Ha uamensemMocTs reomeTpuu Oy IyIIero Tejia CBau MOCHE BbI-
HOJIHEHUsS! OypOBBIX pabOT MOXKET MOBJIUATH TaKOW (aKTOp, KaK NOTEPs] YyCTOWYMBOCTU CTEHKH
CKB)KMHBI, YTO NMPUBEIET K 00pYIIEHUIO IpyHTa B 320011 CKBaXKuHHI [5, 6]. CiexyeT OTMETHUTS,
4TO MpH OypeHHH TIyOOKMX CKBAKMH MPOOJIEMAaTUYHO BU3YalbHO OTCIEAUTH OOpPYIICHUE HUX
cteHoK. OOpyIIeHre TPyHTa B CKBRKMHE MIPUBEIET K YMEHBIICHUIO JUIMHBI CBAH U YBEITNYCHHIO
ee nuamerpa. [Ipm 3TOM, KaK M3BECTHO, YMEHBIICHUE JUIMHBI CKBa)XXMHBI, a TAK)KE Pa3yIUIOT-
HEHHBIH TPYHT B 3a00€ IpPH YCTPOICTBE CBaW MPUBEAET K CHIXKEHUIO €€ Hecyllel CrocoOHO-
ctu. B cBOIO Ouepenp yBennueHne 1MaMeTpa CKBaKMHbBI MOKET IIPUBECTH K YMEHBIIEHHUIO pac-
CTOSIHUS B CBETY MEXAy OYyIyIIMMH CBasiMHU JO0 BEJIHYWH, KOTOPBIE OYIyT MEHBIIEC MPUHSATHIX
B HOPMATHUBHO-TEXHUYECKON NokyMeHTauuu [7—14]. IIpegnaraemass MeToquKa pacdeTa Mo3BO-
JSI€T PAacCUUTHIBATh Ha YCTOWYMBOCTH CTEHOK OypOBOM CKBa)KMHBI PA3IUYHBIX JMAMETPOB
U TTIyOMH U T€M CaMbIM IPOTHO3UPOBATH €€ F€OMETPHUYECKYI0 HEU3MEHIEMOCTh MIPH YCTPOUCT-
Be OypOHAOMBHBIX CBaii.

HanpspbkeHns 6, BOSHHKAIOIIKAE B MACCUBE I'PYHTA, OKPYKAIOIIEr0 CKBAKUHY, MOKHO OIIpe-
JIeUTh KaK JaBJIeHHE TPYHTa Ha IMOJANOPHYIO CTEHY (PUCYHOK) MpH AOMYLIEHWU IJIOCKOH Io-
BEPXHOCTH CKOJIBXEHHUs 1o Gopmyne [15-17]:
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o=y z tg’ (45° - ¢/2), (1)

IZI€ Y — YACIbHBIA BEC IPYHTA, kH/M’; z — riryOuHa paccMaTpuBaeMoil TOUKH OT IJIAHUPOBOYHOM
OTMETKH IPYyHTa, M; () — YTOJl BHyTPEHHETO TPEHHUSI, IPal.

Jl1g ynpoleHust JanbHERIIEro pacyeTa, ComIacHoO pyc. 1, U3 MaccuBa IpyHTa BBIJIEINM I'PYH-
TOBBIN IIEeMEHT, uMeromid Gpopmy TpyObl, HHOM 1 MeTp MOroHHO#N AMUHBL. TONIIUHY CTEHKU
IPYHTOBOW TpyObl /1 MpUMEM KaK pa3HOCTb MEX]y paJuycoM OypOBOM CKBa)KUHBI /; © MUHHMAJIb-
HBIM Hapy>KHbIM paJiiyCOM 7y, 0Opa30BaHHBIM MOBEPXHOCTBIO CKOJIbXKEHUS TPYHTa B CaMON HUXK-
HEll TOUKe TPYHTOBOT'O 3JIEMEHTA, KOTOPBIA MOXKHO BBIYMCIHUTH IO CleAytomIei popmyie:

ra=tgo - z=1tg (45° - @/2) * z, (2)

IZIE 0. — YIOJI HAaKJIOHA K BEPTUKAJIM [TOBEPXHOCTU CKOJIBXKECHUS, I'Pal; Z — PACCTOSIHUE OT ILIAHU-
POBOYHOM OTMETKH I'PyHTa A0 HUKHEW OTMETKH I'PYHTOBOI'O JIEMEHTA M; () — YIOJl BHYTPEHHETO
TPEHUs IPyHTa, Tpaj.

Byposas ckBaxxuHa Ysem A
CKBaXKHHA
/ I'pyHTOBBII ”
0\ ! MEMEHT | /
Ao
IToBepxHOCTD i [ToBepxHOCTH 1 L s _il
CKOJIb)XCHU S B CKOJIb)KCHU S =
—
N
Yen A - IToBepxXHOCTH
< p=] CKOJIBKEHUS A IToBepxHOCTD
I'pyHTOBBII —1 =) CKOJILJKEHUS
JJIEMEHT L — 2r,
27y 2r,
1-1
IToBepxHOCTB
CKOJIBIKCHUS
CkBaxHHa

Puc. PacueTHas cxema 1151 onpeesieHus pa3MepoB IPYHTOBOTO dJIEMEHTa
Fig. Design scheme for determining the size of the soil element

B npomnecce OypeHust B MaccuBe TpyHTa, OKPYXKAIOIIEr0 CKBaKUHY, OyIyT pacTu HampsoKe-
HUS, U Ha OMpEeNEeJeHHOM dTale CTEHKU CKBAXXKMHBI MOTEPSAIOT YCTOMUMBOCTH U MPOU3OUIET ee
oOpyienue. B uncieHHoM 3HaueHUH 0OpyIlIeHHEe TPOU30HAET B TOT MOMEHT, KOTJja HaMpsKEHUS
B OKpY’KaroIlleM MacCHBE I'pyHTa MPEBBICAT KECTKOCTh KOJIbIla MOMEPEYHOI0 CeYEHUs S IPyHTO-
BOT'O 3JIEMEHTA, KOTOPYIO MOKHO BBIYMCIIUTG IO cienytouiei popmyse:

S=EJ/ Dy, 3)

rae E — monyns aedopmanuu rpysra, klla; Do, — cpennuii auameTp koibla, M; J — MOMEHT HHEp-
o 4

UM TUTOIIA/TU TIOTIEPEYHOTO CEUSHMsI TPYHTOBOTO KOJIbLAa HA | METp TOrOHHOM JJTMHBI, M /M, OII-

penenseMslii o ¢popmyie
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J=h/12, 4)

rzie & — TOJIIMHA CTEHKU TPYHTOBOTO 3JIEMEHTa, M.
Cpennuit tuameTp koibla D, BBIYUCIIAEM 110 (hopMyIIe

Dep=(ra + h/2) - 2. (5)

CornacHo npuBeJEHHOMY BBIIIIE€ pACYeTy MOXKHO CZEJIaTh BHIBOJ O TOM, YTO €CJIH HampsKe-
HUS B TPYHTOBOM TOJIIIM BOKPYT CKBAYKMHBI YUCIIEHHO HE MPEBBICIT 3HAYCHUS KECTKOCTH KOJIbIIA
MOMEPEYHOT0 CEYECHUS TPYHTOBOTO 3JIEMEHTa, TO CTEHKH OypOBOW CKBAXKHHBI OYIyT COXPaHATh
YCTOWYMBOCTh U, COOTBETCTBEHHO, BBIMIOJIHEHUE OYpOBBIX pabOT MOXHO BECTH 0€3 JOTMOJIHU-
TEJBHBIX MEPONPHUATHI MO COXPAHEHHUIO LETOCTHOCTH T€OMETPHHM CKBAXKHUHBI. JlaHHBIM BBIBOJ
MPEICTAaBUM YCIIOBHEM

c<S. (6)

BbiBOAbI

[To mpuBeneHHON BBIIIE METOAUKE pacueTa YCTOWYMBOCTH CTEHOK OypOBOW CKBaKMHBI OBLIT
MPOBEJICH MAaTEMAaTHUECKUN IKCIIEPUMEHT, TI0 PE3yJIbTaTaM KOTOPOTO OblIa YCTaHOBJICHA 3aBU-
CUMOCTb MEX]ly T€OMETPHUUECKUMHU MapaMeTpaMy CKBaXXUHBI (MIyOMHA U TuameTp) u (U3UKO-
MEXaHUYECKUMHU XapaKTEepUCTUKaMU TPyHTa (YyIEJIbHBIM BeC, Yroj BHYTPEHHETO TPEHUS U MO-
nyab nedopmanun). B HacTosiee BpeMsi IPOBOATCA HATYPHbIE SKCIEPUMEHTBI, KOTOPBIE MO/~
TBEP>KJIAI0T BBIIICTIPUBEACHHBIE MOJI0KEHUSI.
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