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AHHOTauusa. B cTaTbe NpUBeAeHbI pe3ynbTaTbl HabnwAeHWi 3a gehopmMaLusiMy 3eMHOM NOBEPXHOCTM, KOTO-
pble 6bI/1M BbI3BaHbl r€0AUHAMUYECKMMM OMOMI3HEBLIMY MPOLLECCAMU, HA TePPUTOPUN FTOPOACKOW 3acTpOiKU, U faH-
Hble VHXEeHepHO-TeoI0rMyYeckKnX U3biCKaHWi, NMO3BONMBLLME ONpeAeUTb (hU3NKO-MexXaHNUecKre CBOCTBA FPYHTOB B
paiioHe OMON3HEBOr0 CK/I0OHA C MOMOLLbI0 rpago-aHaIMTUYECKOTo MeToaa, padpaboTaHHoro B HNY «BbenlyY». Bbinon-
HeHa OLleHKa YCTOMUYMBOCTM CK/IOHA OBpara B paiioHe YeTbIPEX3ITaXKHOrO XWU/I0ro goMa B r. Kopoua no BOCbMU Mpo-
(OUNBHBIM NIMHUSM, 1 pa3paboTaHbl MHXeHEePHO-TEXHMYECKE MEPONPUSATUS N0 CTabUNM3aL MM 0NO3HEBOrO CKI0OHA B
YCMIOBUAX FOPOACKON 3aCTPOiKM 3a CUeT MPUTPY3KU ABYX HUKHUX SIPYCOB CK/IOHA CKa/IbHbIMWU NMOPOAamMu, Ha ABYX
BEPXHUX sipycax - MpoBefeHUs NAaHUPOBKU C BbIMOMAXMBAHMEM CK/I0HA, a TakXe 6bI/I1 BbINO/HEHbI MePOnpUATUS
no 3aperynvMpoBaHnio BOSOCTOKA.

Resume. On the territory of urban development in the town of Korocha in Belgorod region on the slopes of the
ravine in spring 2008 a landslide occurred, which resulted in ground movements of the earth's surface and the devel-
opment of deformation in the basement of a four-storey building. In order to prevent the development of deformation
processes in the earth's surface, the foundation of a four-storey house and its supporting structures there were conduct-
ed geotechnical engineering and geodetic surveys, calculated the slope stability of landslide.

To monitor the deformation of the earth's surface there was laid an observation station, consisting of a profile
line, which consisted of 10 working frames, and on the edges of the cracks formed in the foundation of the building
there were was laid beacons to measure the disclosure. Reference frame Ri profile line is outside the possible displace-
ment of the earth's surface caused by landslide processes.

Control of the displacement of the earth's surface was carried out once per week and consisted of instrumental
observations, which included measurements of vertical and horizontal deformations of the working frames profile line.
During the observation period there were 7 sets of observations.

To construct the geological section and determination of physical and mechanical properties of soils in the area
of the landslide slope there were conducted geotechnical investigations, which included the drilling of four wells and
geological sampling for further testing. Physical and mechanical properties of soils, defined using graph-analytical
method developed at NRU "BelSU" and the received results of the test samples were used to assess the stability of the
slope.

According to the results of geotechnical surveys there were built 8 geotechnical profiles, which allow to assesst
the stability of the landslide slope of the ravine, and landslide events developed through mound two lower tiers of the
slope of rock, on the top two tiers - carrying out plan with flattening of the slope, and there were made arrangements
for the regulation of water flow.

BBeneHune

BecHoln 2008 r. B ropoge Kopoya Benropoackoii 06s1actu Ha TeppuTopyn, npunerawoLlein K
XXUMIOMY AOMY, MO yn. [3ep>XMHCKOr0 MPOM30LLesT 0ONoN3eHb Ha CK/I0HE OBpara, KOTOpbIl NOBMeK 3a
coboli caBKeHNE 3eMHOW MOBEPXHOCTU 1 pa3BuTue gedopmaunii B pyHAaMEHTe M OCHOBHbIX Hecy-
LLMX KOHCTPYKLMUAX YETbIPEX3TaXXHOI0 XMNI0ro KupnmuyHoro goma (puc. 1). AnnHa pacnpocTpaHeHus
OMOJI3HA Ha CKJ/IOHe OBpara, npuserawuweMy K XXunomy goma, coctasunia 150 m, wmpunHa - 30 M,
MOLLLHOCTb - 16 M. Pa3BUTMIO ONOM3HEBLIX MPOLLECCOB Ha CK/IOHE oBpara cnocobCcTBOBanNo Hainyume
HeperyimpyemMoro rnoBepxHOCTHOIO CTOKa BOAbl B OBpar M Haju4dne ypoBHA FPYHTOBbLIX BOA Ha rny-
6MHe 9.8 M OT NOBEPXHOCTU 3EM/IN.
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Puc. 1. MnaH TeppuTOpUN B paioHe XXNIoro goma
Fig. 1. Plan of the territory in the area of a residential building

C uenbio NpefoTBpalleHUs pa3BUTUA AethopMaLUMOHHbIX MPOLLECCOB HAa 3eMHO MOBEPXHO-
CTU, PyHAaMEeHTe YeTbIPexXaTaXKHOro XXMU0ro 4oMa 1 ero HecyLmx KOHCTPYKLMAX OblNv NpoBeAeHbl
WHXXEHEPHO-Te0/I0fMYECKME N NHXXEHEPHO-Teode3nyeckmne U3biCKaHWS, BbIMOSIHEH pacyeT YyCTONYN-
BOCTM OMOI3HEBOI0 CK/I0HA U pa3paboTaHbl MPOTUBOOMNO/I3HEBbLIE MEPOMPUATUA.

Ona HabnwogeHnsa 3a gecopmMaumsamum 3eMHOM noBepxHocTy 19 anpens 2008 r. 3an0)KeHa
HabnoaaTeNbHas CTaHUMS, cocToswas u3 NnpouibHoOM NMHUK I-1, KoTopas coctosna n3 10 paboumx
penepoB (cM. puc. 1), a B hyHAaMeHTe 3aaHMA Mexay penepamn R6 n R7 no kpasim o6pa3oBaBLUElics
TPELUHBbI - Masiyku A1 U3MEPEHUS BeNIMUYUHBI ee packpbiTvA. AnuHa npodunsHo nuHum -1 co-
ctaBuna 130 M, ONoOpHbIA penep Ri Haxoguncs 3a npefenaMy 30Hbl BO3MOXHbIX CABVDKEHUIA 3eMHOM
NOBEPXHOCTW, BbI3BAHHbIX OMO3HEBLIMUM NpoLeccamMu.

B KoHUe anpens - Hayane masa 2008 r. reognHaMm4yeckume Ornoa3HeBble NPOLECCHI B BEPXHENA
4YacTM CKJ/IOHa OBpara pe3ko aKTUBM3UPOBA/IUChL, B pe3ysibTaTe Yero Ha 3eMHOW MOBEPXHOCTU MeXAay
pernepamn R9 1 R10 HanNnpoOTUB YETbIPEXITAXKHOIO XXMMNOro Aoma obpa3oBanacb BepTMKasbHasa Tpe-
LMHa OTpbIBa, BbiCOTAa KOTOPOI cocTaBuia 1200-1500 MM, a packpbiTve - 500 MM. AKTUBM3aLUS
OMOJI3HEBLIX MPOLECCOB 6bl1a 3a)MKcMpoBaHa pesysibTaTaMu MHCTPYMeHTa/IbHbIX Ha61l04eHU, KO-
TOpble NPOBOAUANCL MO NPOPUNBLHON NMHUK |-l 1 NpeacTaBAeHbl HA PUCYHKe 2.

KOHTpOb 3a cABMXKEHNEM 3EMHON MOBEPXHOCTM OCYLLECTBAAMACA 1 pa3 B Hefe 0 U COCTOAN
N3 UHCTPYMEHTa/IbHbIX HAbNOAEHW, KOTOpble BK/OYanu B cebs n3MepeHuUs BepTUKa/IbHbIX U FOpU-
30HTaNbHbIX AedhopMaLnini paboumnx penepoB NpodunbHOM NMHKUKM I-1. 3a nepuog HabnogeHUA B an-
pene n mae 2008 roga npoBefeHO 7 cepuii HabnaeHNA, B X04e KOTOPbIX onpefesieHbl BepTUKalb-
Hble U FOPU30HTaNbHblE AechopMaL M 3eMHOW MOBEPXHOCTU B parioHe >XU0ro gomMa ¢ UcnosbL30Ba-
HMeM paboymx pernepoB NPOPUILHON NUHUKU. BepTukKanbHble gedopmanmm onpenensinc Npu no-
MOLLK HuBenuposaHua IV Knacca, 4na N3MepeHuUs ropm3oHTanbHbIX gedpopmaynii ncnonb3oBanach
NPOKOMMOPMUpPOBaHHas pyneTka.
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—¢ - HaGnopgeHne 29.04.2008 1 HabnwopgeHue 03.05.2008

- K - HabnwopgeHue 08.05.2008 - HabnoaeHue 28.05.2008

Puc. 2. BepTuKasibHble U TOPU30HTa/IbHbIE AedhOpMaLMKM Mo NPOMPUILHON IMHUK: a - 0CefaHuns;
6 - OTHOCUTeNbHbIe TOPU30HTasbHbIE AedhopMaLnin
Fig. 2. The vertical and horizontal deformation profile line: a - subsidence; b - the relative horizontal
deformation

Pe3synbTaTbl gaHHbIX HabawgeHUn (CM. pyuc. 2) NMO3BONUMN YCTAaHOBUTb CreAYHOLNA haKT,
4YTO 0bpa3oBaHMe TPELLUMHbI HAa 3eMHOP MOBEPXHOCTWU BbI3Ba/I0 Pe3K0Oe M3MEHEHUE BEPTUKASIbHbBIX U
ropn3oHTanbHbIX AedopmMaumii, KOTOpoe CBA3aHO C U3MEHEHMeM 3Haka, T. e. Ha 3 masa 2008 r. Bbl-
COTHble OTMETKM 6/IMXKHUX K TpeLLnHe penepoB R8 1 R9 BO3pocan, YTO CBUAETEILCTBYET O NOAHATUMN
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3eMHOW NOBEPXHOCTN, NpUeratoLlen K TpewHe oTpbiBa. B MHTepBanax npouabHON TIMHUN MexXay
penepamun R7-R8 n R8-R9 nponsowia cMeHa 3HakKa ropu3oHTasibHOM gedhopmaummn - cXKaTue cMe-
HWOCb Pe3KNM pacTsxeHuem. MNMoagobHbIA Npouecc NpoTekaHUsa AedopmMaLiuii 3eMHON MOBEPXHOCTY
HabntogaeTcs Npy GOPMMPOBaHNM OTKPbITbIX FOPHbIX BbIPA6OTOK, KOT/I0BAHOB N TPaHLUEN.

N8 NoCcTpoeHms reoNorM4eckoro paspesa n onpegeneHns puU3nKo-mexaHMYecKnX CBOMCTB
rPyHTOB B palioHe OMOAI3HEBOro CK/0Ha OblIM NPOBeAeHbl NHXXEHEPHO-Teo10rnveckme n3biCKaHUs,
KOTOpble BKAOYaIN B ce65 BypeHne YeTblpex recslIorm4eckux CKBaXKH rnybuHoi ot 2.5 4o 30 M (cm.
puvc. 1) n oT60p 06pa3LoB 4NN AasbHERLLEero nx UcnbITaHUA.

Mo pe3synbTaTamM MPOBEAEHHbIX WHXEHEPHO-reo1I0rM4eckux N3bICKaHWi Towa rpyHToB 40
rny6uHbl 30 M XxapakKTepm3syeTcs HEOQHOPOLHOCTbIO COCTaBa M COCTOAHUSA, a B ee npejesnax BblgesieHo
10 MH>XeHepHO-reonornvecknx anemeHToB (UMJ).

C fHeBHOWM MOBEPXHOCTW U A0 ry6uHbl 3-4.5 M 3a1erat0T HacbIMHbIE TPYHTbI, MPeACcTaBeH-
Hble HEPaBHOMEPHO CMecblo YepHO3eMa, Cyr/IMHKa U1 LwebHs. Mo HaCbIMHbIMUW FPYHTaMu A0 ray6u-
Hbl 4.5-6 M BCKpbITa COBpPeMeHHas Mno4ysa, npeacrasfieHHass YepHO3eMOM CYTIMHUCTbIM. MOLLHOCTb
nousbl 1.5 M. Huxe, o rnybuHbl 20 M, 3aneraeT To/LWa CyrnMHKOB OT MOSYTBEPAOIo 40 TEKYYEro co-
CTOSIHMA, KOTOpas noActunaetcs 6enbiM nucyMm Menom. MoA3eMHble BOAbl B MOMEHT U3bICKaHWM
BCKPbITbI Ha rNy6uHe oT 2.5 80 9.8 M. OTMeTKM YCTaHOBMBLLIErocs YPOBHS coCcTaBu/n oT 1 o 8.5 m.

OCHOBHbIe pacyeTHble 3Ha4YeHUA (PU3NKO-MEXaHUYECKUX XapaKTePUCTUK FPYHTOB Npusese-
Hbl B Tabnuue. [0 COBOKYMHOCTU MPUPOAHBLIX (aKTOpPOB WCCedyeMblli y4yacToK, COr/lacHO
CM 11.105-97, cootBetctByeT Ill-in, T. €. CMAOXHOW, KaTeropmm CrIOXKHOCTU WHXXEHEPHO-
reo/l0rMyYeckmnx ycioBuia.

Tabnuuya
Table
PacyeTHble 3HadeHUsA CbVI3VIKO—MexaHVIl-IECKVIX XapaKTepUCTUKTPYHTOB
Calculated values ofthe physical and mechanical properties ofsoils

MapameTpbl NPOYHOCTU

Mogaynb ne-
Ne [noTHOCTb, YpensHoe Yron BHyT-
mnra B rpyHTa /M3 (*)O‘;\'}ﬂ"'m’ CLl:g'I'U'IeHI/Ie, peHHero %ge—
a KlMa HU4, rpaa.
1 HacbInHoM rpyHT 1.87 - - -
2 Mo4BeHHO-pacTUTENbHbIN CNOiA 1.88 - - -
3 CYTMHOKCCORRIGHAEM VWG, g1 79 15 24123 22/20
4 CyrnnHOK nosyTeepaplii 1.93/1.91 16 25/23 23/21
5 CyrnIMHOK Tyron1acTUYHbIA 1.86/1.83 1 17/16 18/17
6 CyrIMHOK MSIrKOMMacTUYHbINA 1.82/1.80 8 15/13 14/12
7 CyrIMHOK TEKYYen1acTUYHbIM 1.86/1.84 5 14/11 13/10
8 CyrIMHOK TEKYUIA 1.89/1.85 4.6 12/9 11/10
9 ,'YI fg‘,g,:gf;;y”e””a””””"m 1.87/1.83 14 15/13 21/19
10 Men MArkonacTUYHbIN 1.90/1.85 16 18/16 23/21

MpumMeYaHre: 3HaueHWe MoKasaTteniei MAOTHOCTU UM NMPOYHOCTU NMPUBEAEHbI MO JOBEPUTE/LHON BEpO-
ATHocTK a = 0.85/0.95.

Paspa6oTaHHbin B HNY «benlY» rpado-aHaIMTUYECKWIA MEeTOA MO3BOMWUA MPU Hannyum
napameTpoB OMOMA3HEBOro LMpKa (BbICOTbl OTKOCA H, yria Hak/ioHa 0TKoca a U LWUPUHbI NPU3Mbl 06-
pyweHunsa BO) ¢ ncnonbzosaHmem rpagukos 3asmcumoctein H =f (a) n BO =f (H), nocTpoeHHbIX C Mno-
MoLLblo nporpamMmmbl Otkos2 ans KoadhgurumMeHTa 3anaca yCTOMYMBOCTM O0TKOca N = 1, onpeaennTs No
pa3pe3y A-A (cm. puc. 1) PrU3NKo-MexaHUYeCKME CBOMCTBA CYTr/IMHKOB (CLUEMN/IEHME C U Yo/l BHYTPEH-
Hero TpeHus ) [Xpamuos 1 ap., 2013]. MNMpu BbicoTe 06pyLLUMBLLErOCA OTKoca H = 16 M, yrne Hak/oHa
OTKOCa a = 26° 1 LWWMpUHe Npu3Mbl 06pyeHna BO = 11 M ¢ NOMOLbIO rpago-aHa/IMTUYECKOro MeToga
NP MJOTHOCTU CYrNMHKOB p = 1.82 T/M36b1211 onpefeneHbl cuenneHne ¢ = 16.7 KlMa n yron BHyT-
peHHero TpeHus ¢ = 11°.

®u13NKO-MEXaHNYECKNE  CBOIMCTBA TPYHTOB, OMpeAesieHHble C  MOMOLbID  rpado-
aHanMTU4ecKoro MeToja v Noay4veHHble NoO pedysbTataM UChbITaHUA 06pa3y0B, UCM0Nb30BaIUCL AN1S
OLEHKN YCTOMUMNBOCTU CK/TOHA.

Mo pe3ynbTaTaM WHXXEHEPHO-Te0SIOMNYECKNX WU3bICKAHUA MNOCTPOEHO 8 WHXKeHepHo-
reosI0rMYecKmx npodurnein, No KOTOpbIM NPON3BOAMIACE OLEHKA YCTOMUYMBOCTU OMOJI3HEBOIO CK/I0HA
oBpara 1 paspaboTaHbl NPOTUBOOMO/3HEBbLIE MEPONPUATUS.

Mpu pacyeTe YCTOMUMBOCTU CK/IOHA B ABYX LEHTpanbHbIX ceyeHUsx IV v V yumTbiBanacb
Harpyska OT 4YeTbIPexX3Ta)KHOro XXWU/0ro goMa Ha rpyHT P = 45 klMa. 3To no3BonMNo paspaboTatb
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NPOTUBOOMNON3HEBLIE MEPOMPUATUSA, MPU BbIMONHEHUN KOTOPbIX 6b1/10 PEKOMEHA0BAHO NPOU3BECTU
NPUrPy3Ky ABYX HUXKHUX SAPYCOB CKAOHA CKasibHbIMK nopodamu (puc. 3). MepBblii Apyc: HU3 - AHO
oBpara, Bepx - oTMeTKa +190 m; BTOpOI Apyc: HU3 - oTMeTKa +190 M, Bepx - oTMeTKa +194 m. Ha
BEPXHUX ABYX sipycax CK/I0OHa PeKOMEeHA0BaHO BbIMO/HUTbL M/IaHUPOBKY CK/0HA, pa3buB ero Ha Aga
ycTyna. Heob6xoanmbiii 06beM CKanibHOW MpUrpy3kn coctaBui 14 000 m3. Mpurpy3ka ONos3HEBOro
CKJ/I0Ha CKaslbHbIMW NnopofamMu 6blna 3aBeplLueHa K cepeanHe mas 2008 T.

N N

Puc. 3. KoHTpopcHasa npurpy3ska ononsHsa
Fig. 3. Buttress surcharge landslide

OTcbINKa CKa/lbHOW MPUIpy3KU MO3BOAUMA YBEINUYUTL KO3I((ULMEHT 3anaca ycToi4unBoCTHr
CK/I0HA B palioHe YeTbIPex3aTaXKHOr0 XXMMI0ro goma no yn. A3ep>XXuHckoro (ceveHmsa IV n V) go M=
1.18 npun HopmaTtuBHoM MHogv= 1.15 [PuceHko n ap., 1972]. Kpome npurpysku ckioHa 6bisin BbINosi-
HeHbl MepPONpPUATUA MO 3aperyinpoBaHni0 BOLOCTOKA.

Mocne nocne BbINO/THEHHbIX UHXXEHEPHO-TEXHNYECKNX MEPONPUATUIA ON0N3HEBbIE MPOLECCHI
3eMHOW MOBEPXHOCTU B paioHe XXMI0ro goMa cTabuiansmpoBanncs.
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