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AnHoraumsi. Ifens. TIpoGneMbl OLIEHKH M YCTOMYMBOCTU CKJIIOHOB U IIPOrHO3a ONMOJI3HEH NpHoOpesn 0co0yto aKTyalbHOCTh B
HOC/IeIHUAE JecATHIeTHs. B HacTosiee BpeMs MHTEpeC MHXKEHEpOB K IpodiieMaM OLIEHKH YCTOMYMBOCTH CKIOHOB Bce Ooiblie
BO3pacTaeT B CBA3M C OCBOGHMEM TI'OPHO-CKJIA[uaThIX oOnactell B OOrarblX PYIHBIMH MECTOPAXKICHUAMM, CTPOUTEIBCTBOM
TPaHCIOPTHBIX Marucrpaiei, pa3paboTKOH KapbepoB ITyOMHON 110 HECKOJIBKHUX COTEH METPOB OTKPBITHIM CIIOCOOOM, C pa3BUTHEM
ropojckoil MHGpacTpyKTypbl. OLEHKa YCTOMYMBOCTH €CTECTBEHHBIX CKJIOHOB, KaK IIPaBUJIO, CBS3aHA CO CTPOUTENBCTBOM H
9KCILTyaTalueil MHKEHEePHBIX COOpyKeHHi. [l odecreueHus yCTOMUMBOCTH U HOPMAJIBHBIX YCIIOBHI SKCIUTyaTallid COOPY)KCHUH,
B3aMMOJICHCTBYIOIIMX C OIOJ3HEBBIMU CKIOHAMH, HEOOXOAMMO OLEHHTb YCTOMYMBOCTH JAHHOTO CKJIOHA C y4eTOM
onoyzHeoOpasyromux (akropoB. [103TOMy B KaxJOM KOHKPETHOM Cilydae ClIELyeT BbIOMPATh PacueTHYIO CXEMY OTBEUAOIIYIO
MEXaHU3MY JIaHHOI'O OIIOJI3HEBOro mporecca. Llenbto naHHOH paboOThHl sIBIAETCSA, C NPUMEHEHHEM YHCIEHHBIX SKCIEPUMEHTOB,
UCCIIEZIOBATh BIMSIHUE 3ariyOJICHHs CBal HA YCTOHUYMBOCTH CKJIOHOB. Memoouka. JInsi OLEHKM BIMAHMS 3ariayOJieHHs cBaM Ha
YCTOHYMBOCTb CKJIIOHOB IPEUIAraeTcsi pacueTHas MOJIEIIb €MHON CHCTEMBbl «CKJIOH + CBau + BO3BOAMMBIC 31aHus». Pezynomamut.
Kak mnokasan aHainu3 pe3y/ibTaTOB IMPOBEIEHHBIX HYHCICHHBIX OSKCIIEPUMEHTOB, HPEIIOKEHHass MOJENb pacuéra yCTOHYMBOCTU
CKJIOHA 00€CIIeYMBAeT COOTBETCTBYIOIINE U3MEHEHHE HAIpSUKEHHO-Ie(OPMUPOBAHHOIO COCTOSIHUSA CKJIOHA JaKe IPU HEOONBIINX
U3MEHEHMSAX B HCXOAHBIX JaHHbIX. 1103TOMY HaJIEKHOCTb M JIOCTOBEPHOCTH IIOJYYEHHBIX DPE3YJIbTATOB IEJIUKOM 3aBUCUT OT
TOYHOCTH JAHHBIX HH)KCHEPHO-TEOJOrMYEeCKUX O00C/IelOBAHMH KOHKPETHOrO HCCIEeLyeMoro oObeKTa. AHAlM3 pPe3ylbTaToB
MPOBEAEHHBIX UYHUCICHHBIX AKCIIEPHMEHTOB II0Ka3ajl, YTO B CIOXKHBIX HH)KCHEPHO-T€OJIOIMYECKHX YCIOBHAX M B CeHCcMHUYEcKU
OIIACHBIX PErMOHAX JIaXKe B TEX CIy4asix, KOIJla CTPOMTEIbHAs IUIOMA/IKa COrIacCHO CTPOMTENIbHBIM HOpMaM HebaronpusTHast (Yroiu
yKIJIOHa penbeda Oonbine 15°) M MpH KaTaKIMHUYECKOM COCTaBe CKJIOHA BO3MOXKHO IOBBIIMIEHHE KO3((QHUIMEHTa yCTOHYMUBOCTH
CKIIOHA [0 TaKOro 3HAuYCHUs, KOTOPOE YIOBIIETBOPSAECT TPEOOBAaHUsSI CTPOMTEIbHBIX HOpM. Hayunas noeusna. llpennoxeHHas
pacueTHast MOJENb €MHOI CUCTEMbI «CKJIOH + CBaM + BO3BOAMMBIC 3aHUS» MO3BOJIMT MAKCUMAJIBHO NPUOIMKATBCA K PEaIbHOMY
MOJIOKCHHUIO: YUYECThb pelbed, COCTaB, HAKIOH M (PU3MKO-MEXaHHYECKHE XapaKTEPHCTUKH TPYHTOB; COCTaB, TI'EOMETPUS U
pacnonoxeHus GpyHIaMEHTOB; BEJIMYMHBI HATPY30K, I€peaBacMble HA OCHOBAHUE C y4eTOM (PM3MUECKON HEIMHEHHOCTU IPYHTOB U
celicMUKH; B eIMHON cucreMe paccmorpers U oueHnTs HJIC n ycToHUMBOCTD CKIIOHA; C MPUMEHEHUEM YHCIICHHBIX SKCIEPUMEHTOB
BbIOMpPATh ONTHMAJIBHBIA BapUaHT (YHIAMEHTOB JUI BO3BOAMMBIX 3laHul. Ilpakmuueckaa 3nauumocmsp. 110 CpaBHEHHIO C
CYLIECTBYIOIIMH HOPMaMU U 3MIMPUUYECKMMH 3aBUCHMOCTSIMHU HCIIONb30BaHUE IIPEIOKEHHOH PACUCTHOH MOJENH CYIIECTBEHHO
YIYUYIIMT TOYHOCTb, JOCTOBEPHOCTb M HAJICKHOCTb IONYYEHHBIX PE3YJIbTaTOB IS OLEHKU BIIMSHUS HOBOTO CTPOUTENBCTBA Ha
YCTOMYUBOCTB CKJIOHA.

KarueBble cjioBa: CBau, ycTOﬁ‘-IHBOCTL CKJIOHOB; MC€TO/I KOHCYHBIX 3JICMCHTOB, CeﬁCMHKa; pacyeTHas MOJCIIb
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Abstract. Purpoze. The problem of slope stability assessment and landslide prediction acquire the special actuality in last
decades. At present, interest of engineers to the problem of the slope stability is growing in connection with development of the
mountainous-folded regions, having rich mineral deposits, development of thoroughfares, elaboration of mines with depth up to
hundred meters by open-cut mining, advance of the city infrastructure. The assessment of the stability of natural slopes, as a rule,
connected with the construction and exploitation of engineering structures. For the ensuring of the stability and normal exploitation
conditions of the structures, interacting with the sliding slopes, the assessment of the given slope, considering the landslide forming
factors, is necessary. So, the design model, corresponding to the mechanism of the given sliding process should be chosen for the
every instance. The goal of the present work is the investigation of the pile embedding influence on the slope stability, using the
numerical experiments. Methodology. For the assessment of the pile embedding influence on the slope stability design model of the
uniform system ‘slope + pile + building under construction is proposed. Findings. As analysis of conducted numerical experiments
has shown, the proposed model of slope stability design ensures corresponding change of slope deformation mode even at the small
changes in the raw data. Therefore the reliability and credibility of results obtained entirely depends on the preciseness of the data of
engineering-geological investigations of the special object under investigation. The analysis of conducted numerical experiments has
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shown that in complex engineering-geological conditions and in earthquake prone regions, even in case, when the building area,
according to construction standards, unfavorable (inclination angle greater than 15%) and at cataclinal structure of the slope, the factor
of slope stability can be increased up to the value, meeting the standard requirements. Originality. The proposed model ,,slope + pile
+ building under construction* allows to approximate maximally to the real state: considering the relief, structure, inclination and the
soil physical-mechanical properties; structure, geometry and location of foundations; the value of the loading, passing to the
foundation, considering the soil physical nonlinearity and seismicity; to examine in the uniform system and assess the slope
deformation mode and stability; to select the optimum version of the foundations for the buildings under construction. Practical
value. In comparison with the existing standards and empirical dependences, the use of the proposed design model will substantially
improve the preciseness, trustworthiness and reliability of the results obtained for the assessment of the new construction on the slope

stability.

Keywords: pile; slope stability; method of finite elements; seismic; design model

BBenenne

ITpoGieMbl OLEHKH M YCTOHYMBOCTU CKJIOHOB M IIPOrHO3a
onoyi3Hed mpuodpes 0oco0yr aKTyaJlbHOCTb B IIOCIEIHHE
necstuietHs. B Hacrosiee BpeMst HMHTEpeC HMHXKEHEPOB K
npobnemMaM OLEHKH YCTOHYMBOCTH CKJIOHOB Bce Ooiblue
BO3pAacTaeT B CBA3U C OCBOCHHUEM I'OPHO-CKIaA4aThIX oOacTei,
B 0OrarbIX pYIHbIMH MECTOPAXKICHUSAMH, CTPOUTEIHCTBOM
TPaHCIOPTHBIX MarucTpaneil pazpaboTkol KapbepoB IiyOHHON
JI0 HECKONBKMX COTEH METPOB OTKPBITBIM CIIOCOOOM, C
Pa3BUTHEM I'OPOJICKON HHPACTPYKTYPHI.

OneHKa yCTOHUMBOCTH €CTECTBEHHBIX CKJIOHOB KakK IIPaBUIIO,
CBsI3aHa CO CTPOMTENBCTBOM M OKCIUTyaTaled HHKEHEPHBIX
coopyxenuit. [y obecredeHuss yCTOHIMBOCTH 1 HOPMaJIbHBIX
YCIOBUHM 3KCIUIyaTallMd COOPYKEHUM B3aUMOICHCTBYIOLIMX C
OITOJI3HEBBIMH CKJIIOHAMH, HEOOXOIMMO OIEHUTH YCTOHYMBOCTH
JIJAHHOTO CKJIOHA C Y4OTOM OIOI3HeoOpa3yromux (akTopos.
[TosToMy B Ka)XJOM KOHKPETHOM Cllydae Clie[yeT BBIOMpaTh
PacueTHY0O CXEMY OTBCHYAIOLIYI0 MEXaHHU3My JIaHHOr'O
OITOJI3HEBOr'0 MTPOLIECCA.

Hean
Ilenbto naHHOW paboTHI  SIBIAETCSA, C TNPUMEHEHHEM
YHCIICHHBIX 9KCIEPUMEHTOB, HCCIIEJ0BATh BIIMSIHUSA

33.FJ'ly6J'leHI/I5{ CBau Ha YCTOﬁQHBOCTL CKJIOHOB.

Mertoauka.

B cBa3u ¢ pasBuTHeM HH(POPMANMOHHBIX TEXHOJIOTHH,
BBIYHMCIUTEIFHOH TEXHHKH M IPOTPaMMHOTIO OOECIeueHHUs
LIMPOKOE PACIPOCTPAHEHUE [Vl PEILEHHUsS TIEeO0TEXHUUYECKUX
3a7a4 MONYYWIIM 4YUCIeHHble Meronsl. Hambonee wacro mis
9TUX LeJed UCIOoNb3yeTcs METOJ KOHEUHBIX 3JIEMEHTOB
(MK3). MKD wMoxer pemars TIEOTEXHHYECKHE 3aladH,
aHAJIUTHYECKUE peleHust KOTOPBIX IIPEICTaBIIAIOT
3HAa4YUTEJIbHBIC MaTeMaTHyeckue TpynHocTH. IlonydenHsle npu
pelieHuu pe3yabTaThl obnaznator XOpoIIei
IIPEJCTaBUTEIbHOCTBIO M, INPH MCIONb30BAaHUU a/I€KBATHBIX
MaTeMaTHUYECKUX  MOzeled  JOCTaTOYHOM  TOYHOCTBIO.
UucneHHOE MOIEIUPOBAHUE SIBISETCA JOCTATOYHO TOHKUM
IIPOLIECCOM, B ITOJHONW Mepe 3aBUCAILUM OT OIIbITa MHKEHepa.

B nanHO# paboTe it OLEHKH BIMSHUS 3ariTyONeHHs CBau
Ha YCTOMUYMBOCTb CKJIOHOB, IIpeIUlaraercsi pacyeTHas MOEib
€IMHOM CHCTEMBI «CKJIOH + CBaM + BO3BOAMMEIC 3TaHUS».

C 1menbi0 yCTaHOBJICHWS! BIIMSIHUS 3ariTyONieHWs] CBaW Ha
YCTOMYMBOCTh CKJIOHOB, OBbLIa IPOBEJCHA CEPHsl UYHCICHHBIX
9KCIIEpUMEHTOB, B YAaCTHOCTH: TECTOBBIE 3aJaud U CEMb
BapHaHTOB pacyueTa Ha MPHHSITYIO MOJCIIb.

Jlo 006paGoTky OCHOBHOWH MOjeNU OBLIM BBIIIOJHEHBI IBE
TECTOBBIC 33/Ia4H C PA3JIMYHBIMU IPAHUYHBIMH YCJIOBUSIMH, T'JIC
ObLTM  MOJEJIHPOBAHBI CJIOM KAk [ECYAaHUKOB, TaK W
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aprujuiMToB. B 3TMX Monensx pasMepel 3JIEMEHTOB UL
necyaHuKoB cocTaBisid 1.0 M. no juimee u 0.5 M. o mupuHe,
Jutst apriuinToB 1.0M. 1 0.2M. COOTBETCTBEHHO.

B YOOMSHYTBIX TECTOBBIX 3aJadax ISl OLCHKU pa6OTI>I
MOACIIN OBLIIO BBIMIOJHEHO MHOXECTBO BapHUaHTOB pacqéTa, B
YaCTHOCTH, MCHSUIMCb KaK TI'paHUYHBIC YCIOBUSA, TaK H
HUCXOIHBIE JaHHBIC CJIIOEB ECYaHUKA U aprujuiiTra.

PacuéTHple CKIOHBI COCTOST W3 CJIOEB IECYaHWKAa U
aprwUInTa,  PaclONOKECHHBIX  HONEpEeMEeHHO.  TomuHa
necyanukoB 0.38Mm., aprusuintoB ke 0.02M. yKIIOH cl10E€B paBeH
29°;  (pu3MKO-MEXaHMYECKHe IOKa3aTesln NIECYaHNKOB
cnenyiomme: E =0.84x10°MIIA, v=0.27, Ry=2.41r/cm,* Re
= 3.72 MIIA, ¢ =24.56°, Rg= 0.75MIIA; g apruiiuros
E = 0.2x10°MIIA, v = 0.37, Ry = 2.41r/cm,> Re = 0.13 MIIA,
¢ =24.56°, Rg=0.026MIIA.

3amaya paccMaTpHBaeTCs IO CXeMe IUIOCKOU JedopManum
¢ y4€TOM CIBUIA.

Peanu3oBaHo IpenMyIecTBO MeTOja KOHEUHBIX IIEMEHTOB
[0 CPaBHEHHIO C JPYTMMH METOJaMH, pacuéTHas MOJENb
MaKCUMaJbHO NpUOIMKEHa K  PEATbHOMY  COCTOSHHIO.
PacuérHas MOzIeNb TOUHO ONHUCHIBAET MPOGHIb CKIOHA, YKIOH
CIIOEB, PACIIONOXKEHHE U I'€OMETPHIO CYLIECTBYIOIIMX Ha HEM
cBaii. Taxke TOYHO MOJIETUPOBAHBI 10 CBOUM I'€OMETPHIECKIM
pa3MepaMm JBa TYyHHENs, KOTOpBIE pPACIONOXKEHbl B 3TOM
paspese CKIOHAa. UHCIO KOHEYHBIX BIIEMEHTOB COCTABIISACT
29553, a xonuuectBo ypaBHeHui 84050.

['panuuHble YCIOBUSA CIENYIOIIME: HU3 CEUCHHUS 3aKpeIUIEH
B HaNpaBJICHUH Z OCH, a CTOPOHBI B HampaBieHHH X ocH. s
YMEHBIICHHS BIMAHUS T'PAHUYHBIX YCIOBUH JUIMHA CEUCHUS
yBennueHa Ha 20MeTpoB.

Pacuér mpousBenéH mpo AByX Harpyskax. HepBas - KOrJa
Ha CKJIOH JISHCTBYeT Harpyska, IepejiaBaeMasi OT COOPYXKEHUs ¢
yu€roM § GanbHOI CEHCMUYHOCTH, M BTOpas - KOTJa Ha CKJIOH
NIEMCTBYeT TOJNBKO COOCTBEHHBIH Bec. Harpyska Ha CKIOH
nepenaéres MocpeicTBOM CBai.

PesynbTatsl.

B pesynbrare  pacuera  IOJY4EHO — HamlpsDKEHHO-
neOpMHUPOBaHHOE COCTOSIHUE cedeHUst B IwiockoctH XOZ.
IlocpencTBoM TIJIaBHBIX — HANpsDKEHMH — ONpENeNeHo  Ioje
YCTOMUMBOCTH CKJIOHa U COOTBETCTBEHHO IOBEPXHOCTh
BO3MOJKHOTO CKOJNbXeHUs. B arom ciydae koaduuueHt
YCTOMUMBOCTH cocTaBisieT 1.24, 4To A1 JAaHHBIX CKJIOHOB
HaJ0 CyuTaTh HEAOCTOTOYHbIM. C  LEeIbl0  HPOBEPKH
IOJYYEHHBIX PE3YJIbTaTOB YacCTOTy CETKH PacyéTHOH MOAEIH
yBenuuwin B 2 pa3a. CpaBHEHHE IOJIYYEHHBIX DPE3YJIbTATOB
MIOKa3bIBAET, YTO OHM ITOYTH WJICHTUYHBI, YTO JOKA3bIBAET HX
JIOCTOBEPHOCTb.

Jlnst noeleHnst ko3 GUIMEHTa YCTOHYMBOCTH CKJIOHA
OBLIO NPOBE/ICHO TP YUCIICHHBIX HKCIEPUMEHTA, B YACTHOCTH:
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yUInHEHHE cBepXy cBaii 4 u 5 Ha 0.9 u 3.3 M. COOTBETCTBEHHO
MPAKTUYECKH HE IOBIMUIO Ha KOI(PQUIMEHT YCTOHYUBOCTH.
VYnanuHenne cBepxy cBail 2 Ha 1.9 wMeTpa yBemumumio
kodddunment ycroitumBoctn 1o 1.3-x. YmuiuHeHue cBepxy
ceail 1 m 2 Ha 2.7 mu 0.9 M. COOTBETCTBEHHO YBEIMYUIIO
k03 hULIMEeHT YCTOHYMBOCTH M OH cTal paBHBIM 1.57, 4ro
MOJIHOCTBIO  YIOBIIETBOPSIET ONPEJEISIEMYIO CTPOUTENBHBIMU
HOpMaMHU JIOITYCTUMYO BEJINUMHY koo dunuenra
YCTOMYMBOCTH CKJIOHA.

Haytmaﬂ HOBHU3HA M MPAKTHYCCKAHA 3HAYUMOCTDH

[IpemioxkenHas pacueTHass MOAENb €IUHOM CHCTEMbI
«CKJIOH + cBam + BO3BOJMMEBIC 3JaHHS»  ITO3BOJIUT
MaKCUMAaJBHO TIPHONMIDKATBCS K  PEaJbHOMY ITOJIOKEHUIO:
ydecTb penbed, COCTaB, HAKIOH M (U3MKO-MEXaHHMYECKUE
XapaKTePUCTUKHU IPYHTOB; COCTaB, FEOMETPHUS U PACIIOI0KEHHS
(yHIaMEHTOB; BEJIMYHMHBI Harpy3ok, nepesaBaeMble  Ha
OCHOBaHHE, C yJ4eTOM (U3MUYECKOH HEIMHEHHOCTH TPYHTOB U
CEWCMHUKH; B €TUHOU

cucremMe paccMorpers U ouenuts HJIC u  ycroiuuBoCTb
CKJIOHA; € IPUMEHEHUEM 4YHCIEHHBIX  OKCIIEPHUMEHTOB
BEIOMpATh  ONTHUMANBHBIH  BapuaHT  (yHIAMEHTOB  JUIS
BO3BOJMMBIX 3[JaHUM.

Ilo cpaBHeHHMIO C  CyINIECTBYIOIIMH HOpPMaMH U
IMITUPUYECKUMHU 3aBUCHMOCTSIMU HCIOIb30BaHUE
MPETIOKEHHOM PAacUeTHOM MOJENN CYLIECTBEHHO YIIy4IIUT
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