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AHAJIU3 OITOJIBHEH'

Mpotdeccop, AoxTop TexH. Hayk I. H. TEP-CTENMAHAH?
u unmenep-crponteas A. E. TEP-CTENAHAH?

Pegepar. Tlpu usydeHHn MexaHdsma ononsHel GoAbIIYI0 MOMONLE MOXKET OKasaTb
aHaaM3 CPEHHX CKOPOCTEH CMEIIeHHS ONOM3HEBHX ToWeK. STOT aHANH3 OCHOBAH Ha Jony-
menyn  yeranopupmefica noasyuecty. Jlam sToro cocTaBasiorTcs rpadHKi.—roorpagul
onoasanns, M306paKaouule pacupejetenHe BEKTOPOB CKOpOCTef CMeIleHHs. Ha npuuepe
ONOAAHA—3eMATHOro noToka B COYH—TIOKA3aH METOJ MOCTPOBHHSI M aHanH3a rojorpagos
ononsanus, 3esasnofi noTok Gbl1 Nperpaxjied JOPOXKHON HACHNBIO; B pe3yabTaTe eil-
NGl MOTOX padfMACcs WA /B 3EMJIAHBIX MOTOKA; HA Y4acTKaX, MPHMBIKAIOLIIX K HACHLIH,
onoJsanne BHAOHIMEHHIOCE M cJe1an10ck BPSMBTEJIBHHM.

B noaroropurenbnoil (ase ray6unHOil nM0J3y4YecTH Ha CKJAOHAX MPoO-
HCXOMUIT MEJJIeHHble JABHXKEHHS 3eMJSIHBIX Macc, H3yYeHHe KOTOPBIX MOXET
NOMOUBL NPH aHajn3e MexaHH3Ma ONOJ3aHHs. STH ABHIKEHHS Macc LeJeco-
06pa3no H3yuaTh 10 CMEIEeHHsIM ONOA3HEBbIX TOUeK—ClelHATbHbIX 3HAKOB,
yCTaHABJAMBAEMBIX Ha NOBEPXHOCTH CKJOHA. [TyreM CHCTeMAaTHYECKHX TIeo-
neanyeckux HaGJIOfEHHH OnpefessieTcss BEKTOP CMEIleHHs 3a Ompeieen-
HbIil MATEpBAaJ BpeMeHH; OH OGBLIYHO BHIPAKAETCH 4epe3 TPH KOMIOHEHTLI
cvemenusi Ax, Ay u Az,

Jlns ananusa MexaHH3Ma OnoJ3aHusi 0coOblii HHTEpPec IpejicTaBJsier
pacipejiesieHe MTHOBEHHBIX CKODOCTeii CMEIleHHsi; NPaKTHYECKH AJs STOil
WEeJH MOKET CJAYKHTh paclpejeseHHe CPeHHX CKOpOCTefl cMelleHus 34
KOPOTKHil NMPOMEKYTOK BpeMenH. [lasi yCTaHOBJEHHs JLTHTENLHOCTH STOrO
NPOMEKYTKA BPEMEHH pellaioulee 3HAYEHHE HMEET COOTHOWICHHE MEX1y
CKOPOCTLIO CMELICHHSI OTOJI3HEBLIX TOYEK H TOYHOCTBIO I'eO/I€3HYECKHX H3-
vepennil. [T1pyu GosibInOfi CKOPOCTH CMEILEeHHsl, H3MEpPAEMO#, HanpHMep, aene-
mMeTpaMH B Mecsill, H HeGONbIION aGCOMIOTHOH NOTPeUrHOCTH H3MEepeHHs,
cocTapasionieli npuMepHo 2—3 MM, BINOJHE AOMYCTHMO CPefHHe CKOpPOCTH
CMEIIeHHs, OCHOBAHHBIE HA Pe3yJbTaTax eXeHeleqbHbIX HabJiojeHui, pac-
CMaTpPHBATh KaK MrHOBeHHBIE, Tak OGCTOHT €O NPH HCCJAE/IOBAHHH Mexa-
WH3Ma 3eMJSAHLIX NOTOKOB B aKTHBHOI cTajnu onoasanus. HaoGopor, ecan
CKOPOCTh CMEINIeHHsI HeBeJHKa H H3MEepsieTcsi, HanpHMep, CaHTHMETPaMH B

I Noxkaapn, npeacrapiaennsiit IV Bynanewrckofi u 111 ynaficko-Esponeiickoii konde-
peHIIN MO Mexaunke rpynTos i (ysaamenrocrpoenmio B Bypanemre, oktaGpe 1971 .
(G. Ter-Stepanian and d. Ter-Stepanian. Analysis of landslides. Proceedings, 4th Buda-
pest Conf. Soil Mech. Found. Engg. (3rd Danube-European Confer.) Budapest 1971, p.
499 —-504).

3 33}5. JlaGopatopieil reomexannkn Axajgemun nayk Apm. CCP.

3 Crapumii mkenep JlaGoparopun reomexanngn Axanemnn nayk Apm. CCP.
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¢ seavTes rpy6o, TO NOTPENIHOCTh H3IMEPeHHs Jenaeres
paea'wﬁ BeJHUHHON H JaXe pPe3yabTaThl eXeroinnx
NPeACTABJICHAA O pacnpes

B roa, a Haba101eHH

consMepHMOil ¢ H3ME 3
Ha6.Ti01eHNil He MO3BOJIAIOT COCTABHTL  SICHOTO

JeHHH CKOpocTell cMelleHHS. - ;
i K coma':peuum Ha MpakTHKe OOBIYHO BCTPEHAIOTCH  Cayyau, Koraa

onoa3aHue MPOHCXOIHT MEIIEHHO, A l'lpli.\tt‘}‘lﬂﬂ'lhlt‘ I'\‘!.‘l.'ltg}l‘l-l‘('-lili.t.‘ ..\w.n.uu
coaepKat Ol.llllﬁl\'}'. AOCTHTAIOULYVIO 01HOTO LaI{Tlll.\IETp;I.. TAKHX Cavyasx
He MOMKeT ObiTh peun 00 aHaaH3e MTHOBEHHBIX CKOPOCTell cueltenis.

VMeCTHOCTh aHaaH3a CPeIHHX CKOPOCTeil 3aBHCHT OT TOrO, HACKOABLKO
pacrnpeaeneHue Cpeanux CKOpoCTeil OTpa)KaeT pacnpejenente AeiiCTBUTe -
HBLIX CKOpPOCTefi CMEUleHHs 415l KaKOro-1ifo MOMEHTa Bpemei. C 3Toil
TOYKH 3pEHHS MPOCTHIM M JOCTVIIHBIM LIS aHATH3A ABANETCS Cayuail yera-
HOBHBLIEHICS MOJ3YHECTH, KOrAa onoasHeofpasyiome GakTopsl Ha CKIOHE
AeficTBYIOT ¢ NOCTOSHHOI HHTEHCHBHOCTHIO B TEUEHHE JLTHTEILHOTO BpPeMeli,
VeTaHOBHBIIEECH ONOJ3anie XapakTepH3YeTCs NOCTOSTHHLIM pacnpexeaeHienm
9((peKTHBHBIX HANpPSKEHHil B Tele CKAOHA W Ae(OPMATHBHLIX  CBOICTH
rpYHTOB, YTO BJeueT 3a COGOIl MOCTOSHHOE paclpenesenne 3HAYeHHit Kosd-
(HuHenTa MOGHIN3OBAHHOTO COMPOTHBJICHHS CIABHTY H HEU3MEHHOE ouep-
tanye sonbl rayounnoit noasydectn (Tep-Crenaunsan, 1969, 1970). Vuurni-
pas, OJAHAKO, 3aBHCHMOCTb BSISKOCTH TPYHTa OT BpeMEHH, Ja)ke B 3THX
VCJAOBHAX CKOPOCTb MOJI3YUeCTH HE MOXKET OBiTh NOCTOsHHON; ona Oynet
y6LIBATb CO BPeMEHeM BMecTe C BO3pacTaHueMm Ba3kocTH rpynta. [Tostomy
COCTOsIHHE YCTAHOBHBILENCS MOJA3YYECTH HE O3HAYAET €Ie NOCTOSNNCTBA CKO-
poct aedopmanuu. [IpakTHUECKH YCTAHOBHBIIAACH NOA3YUECTh H NOCTOSI-
Hasi CKOpOCTb jedopMauiy MOTYT HMEThb MECTO JHilb B IAYOOKO pacnovio-
JKEHHLIX 30HaX BEKOBOil MNOJ3YUYeCTH, KOTJa, BCJAEJACTBHE HEHIMEHHOCTH
MPHPOAHLIX VCJIOBHIl H OTA4J€HHOCTH MOMEHTA Ha4ana Npouecca, CKOpocTh
H3MEHEHHs BA3KOCTH I'PYHTA 3a KONEUHLIT OTPE30K BPEMEHH SIBASCTCS (pe-
HeGpekHuMO MAaJoil.

B HerqiyGOKO pacnojioMeHHbIX 30HaX MOJA3YYECTH, 4 B OCOGCHHOCTH B
NPHIIOBEPXHOCTHLIX 30HAX, Tie NapaMeTphl, XapaKkTepuayiouue onoJanenoil
1polece, NOABEPXKEHbl Ce30HHBLIM H3MEHEHHSIM, W BO BCeX CJIyuasx, Korja
JUINTENBHOCTD T1POIeCcca IMOJA3YUECTH COH3MEPHMA € JUIHTEILHOCTBIO Hayye-
HHSI, HAJHLO HEYCTAHOBHBINASICH MNOJ3YYECTb CKJONA.

Mayuenne neycTaHOBHBIIGNCH MOJ3yuecTH mnpejacrasasier  Goabiioil
TEOPETHYECKHIT H NPAKTHUECKHTI HUTEpec, NOCKONBKY 3TOT BHJL JAeopMalLiil
IIHPOKO pacnpocTpaHeH B NPHPOAE; OJHAKO €ro  H3YyUeHHe CBIA3aHO ©
GOJIBIIHMH  MeTOJAHYecKHMH TpyaHoctamu. Ha paunom srane npuxonnres
npuberatb K NpHOJIKEHHOMY aHaJH3y OMOA3aHIA, OCHOBAHHOMY Ha JONY-
weHnn o6 YCTaHOBHBLIENCS MOJ3YYECTH C MOCTOSHHON CKOPOCTLIO, paBHOIl
CpejiHell CKOPOCTH CMEILeHHsl Mo MHOroJerHum naGaoaenusm. Jdaxe npu
3THX CHJIBHO YHNPOLIAWOWHKX JIONYIUEHHAX YI4eTCsl BLISIBJAATL BAXKHBIC 0CO-
OEHHOCTH MEeXaHH3Ma ONoJ3aHHs.

KoMnoHenTh BEKTOPOB CPeIHHX CKOPOCTeil cMewienns ¥y, Uy W 7,
onpeaensiioTcsi OGLIYHBIM IMyTeM

A A A
e= o, =2 Y= —— (1)

rje Af —TIPOMEXYTOK BPEMEHH MeXAY HCIO0JIb30BaHHLIMH IIaﬁJ‘lIOIl[‘.HHﬂM]I.
H BBIYHCJHAETCH BEJHYHHA I‘OPH30HT8JII:HOI'I NpoexkunH v, BeKTopa cpcmlel'{
CKOPOCTH CMEIIeHHs ¥

% =)+ (2)
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[Mo 9TUM AaHHBM COCTABIAETCA ABa rpaduka, OJHH H3 KOTOPHIX 1300-
paKaeT rOpU3OHTAILHYIO I0CKOCTh (C OCAMH KOODAHHAT Uy M Ty', IPY-
rojfi— BepTHKAABHYIO NJIOCKOCTB, NPOXOASLLIYIO HEPE3 NOJHELl BEKTOP CKOPO-
oTH CMelleHHsA (C OCAMH KOOPAMHAT Ty H ;). ITH rpaHUKH MpEACTaBasfioT
co6oii rogorpade CKOPOCTEH CMEIIEHHs ONoJ3HH, eCTH NPHHATE, 9T0 npo-
necc NPOTEKAeT HENpepHBHO.

B apyrom mecte (Tep-Crenans, 1969, 1970) GuliM MOKa3aHbl pasaH4-
HLie BHALI ToaorpadoB CKOpocTedl CMenleHHs AJs PasHBIX Caydaes OroJsa-
nus. Hume Ha npuMepe ABYX HEGOJBIIHX onoasned ropst burxu B Coun
GyleT MpaKTHYECKH NOKa3aH METOL daHaan3a OMnoJI3aHUs.

Ha puc. l,a nokasanHo pa3MeLIEHHE ONOJISHEBRIX TOYeK B paioHe
MUnctuTyTa KypOPTOJOTHH. 3eMIAsHOM MOTOK P pacnoaaraercs B J0xGHHE C
KPYTBIMH CKJOHAMH, CJOKEHHBIMH N1eI0BHAIBHO-KOAII0BHAIBHLIMH HAKOM-
geusiMy. JIOKOMHY HECKOJbKO HAHCKOCL MepeceKaer Hersiy6okasi JpeHaxK-
nas kanapa., Ha ckaonax J0KGHHBI NMPOTEKaeT WHTEHCHBHASA coaupaioka-
MU, ¥ TOITOMY ONOJ3HEBLIE TPEIUIHHbLl B IPYHTE HE na6mogaores. Oxnako
B BepxiHell 4aCTH CKJIOHA Ha COOPYHKEHH:X (mopors, KaHaBbl, JOTKH)
XOpOIIO BHAHBI ONOJ3HEBbHIE nedopManuy, 4TO MO3BOJACT 3]€Ch YBEPEHHO
okonTypuTh onoasenb. Huuke aBTOMOGHJIBHON JOPOTH pacrosaaraercs Apy-
roit aemasnofl morok Q. Pa3spe3 onos3ns No ocH AB noxasan ua puc. 1, b.

Ha puc. 2 npHBeIEHLI rogorpadsl CKOpOCTeil CMeLleHHs, MOCTPOeHHbIE
[0 pe3y/sTaTaM ONpEeJCIeHHs CPEIHErOHIHbIX ckopocreil cMellenns Ts, Ty
W U, 1O JAHHBIM TOJHTOHOMETPHYECKHX CHLEMOK, NpoBeJEeHHBIX B OKTAGpE
1957 u centabpe 1964 romos, T. €. NOYTH 32 CceMHJIeTHHIl HHTEPBAJ BpPEeMeHH.

Ha stux rpadukax oGpaulaeT BHHMaHHE Tpynna TOUEK, pacnoaoxKeH-
HBIX Y HAuaJa KOOpIHHAT (TOUKH Ne 7, 8, 63, 64, 145, 2193); onn oTBevaloT
BroJHe IenojBHAKHEM TOUKaM Ha ckione!, W HX pa3bpoc HaxOAuTCs B
npepenax OWHGKH uaMepenuii. ITH TOYKH pacnoaaraiorcs BHYTpH He60.1b-
UIHX SJJHICOB NMOFPEIIHOCTA: HX UEHTPLl HMEIOT KOOPAHHATH Ty = 0; vy =
-5 MmMmjrop; Uy = -5 mmfron; v, = -+ | smfroa (mokasansl na puc. 2,
W b KpecTHKaMmH).

Ha rpagukax (puc. 2) BbeASETCS HECKOJBKO rpynn Tonorpaguuecku
GAH3KO PACNONOKEHHBLIX TOYEK, NOKa3LIBAIOLIHX pasJHYHBIA PEXKHM OmoJ-
3aiMA 1A pasHblX yyacTKax CKJoHA. Onoaauessie Toukn Ne 37, 36, 35, pac-
[HONOKEHNbIe Ha CKJIOHe TO OJHOM JAHHH (PHC. 1,a), HMEIOT TOYTH NPAMO-
auieiinpie rogorpads ¢ TOH JKe NOCae/0BaTeNbHOCTHIO TOUEK (puc. 2a u B).
OHH CBHACTEJALCTBYIOT 06 OTCTYNaTeJLHOM BpallaTeJbHOM OMOJI3aHHH.
Ononanesnie Toukn Ne 3, 4, 4a H 5 pacno/oxeHbl NONepex ocH 3eMJISIHOTO
noroka (pue. 1); rogorpadni NoKasnBaioT peepoobpasHoe B IJiane pasme-
leHHe BEKTOPOB CKOPOCTH (pHc. 2), T. €. 3eMJSHLIE MaCCH CTEeKaloTes K
oCH MOTOKA: OMOJ3aHHe BpallaTelbHOe. 3/ech, Y JIOPOXKHOM HACBINH, MPo-
MCXOJMT HAKOIJIEHHE 3eMJISHBIX Macc. Ononauessie Toukn Ne 12, 27, 10, 9 u
26 pacroJioyKeHbl Ha HH30BOM OTKOCE nopoxHofl HacknH. JIBHiKeHHe BEepo-
oGpa3Hoe, CO CTEKaHHEM K OCH OMNOJ3HS, ononaaune Bpamateannoe. Onou-
spespie Toukn Ne 13, 14, 15, 16, 17, 18, 19, 25 pacnoNoXeHnl Ha CKJIOHE MOA
HACHINBIO; CMEIEHHe OCTaercsi BeepooGpasHbIM, HO CKOPOCTH NpHUMEpHO
BJBOE MEHbIE.

Ha xapre (puc. 1,a) mokasaHo MECTOMOJIOKEHHE oTKpbiTOro aedop-
manuonsoro Konoaua Ne 3, ONMCAHHOTO B JAPYroM MeECTe (Tep-CrenausH,
1965). [onoxeHne NOBEPXHOCTH CKOMBAKEHHA 6LLIO YCTAHOBJEHO HA TayOH-
ne 3,5 M.

MexaHHaM OMNOJ3Hs NpeACTaB/isieTcs CAEAyIOUHM o6pasom. Ha cknone
ACDB co cpenueii KpyTH3HOH 12° JIHTENBHOE BPEMS JleficTBOBaJ Hery-

4 Tougn Ne 8, 63, 64, 145 n 2193 naxoanTcs BGANIN ONOASNA, BAE rpamm KapThl,
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Puc. 1. 3emannoi nomox 6 Cowu, va Yepromopcxon nodepexcor; a) naan; I-—-onoas”
nepas Touka; 2 OTKpuTHii Aedopuaunonnmii Kosoxew; 3 FPANHOBL  3CMASHOIO NOTOK;
4—TPaeKTOPHH noasyuecti; P--BepxoBoii 3eMAfHOI NOTOK: Q- nnzoroil aemannoii notok;
b) npoguas no aunuu AB; 5 BekTOp CKOPOCIH noAsyuecTi; 6--coBpeMennas MnoRepx-
HOCTL CKOAbMKEHIH 7--CTAPAs NOBEPXHOCTL CKOABNENHR; § npeanosaraesas nopepx-
HOCTL CKAOHA, 9 - HAKONUBWIMECR Jemasuule Maccw; [ -anromoGnannasn aopora; W-or-
KpuTHii tedopmannomnuii koxoten Ne 3; R —aopora; M, —macmra6 cKopocTeil eMeenns;
My—wmacwrab paccrosnnii; HGFE —crapas NOBEPXHOCTL ckoAbkennsn; HGL w KFE
COBpPEMEUHAN NOBEPXHOCTL  CKOALMKCHIS,
h. 1. Loqubinup Unypocd, Ub dngdh wippbi. @) wpmbG. 1- ~ungupumyhe fho. D—puy fona-
pushs unnph Snp. 3 Smyqminuph wwSdwhp. &—vogph Shwwghdp, P—qunpflp Soguiunp,
Q —qunffuyp  Soguwiaup. b) AB qdh bphwpnipyadp Goppudp, 5 wagpp wrpug e iy
flilpmnp. 6 ~d il s s fpfrg s S gy ol an'te fulhpln g . T e § ki gl st dalbphocgfd, B —
l'hﬂuﬂ.fm! [l fr Jn*l‘n&n;;ﬂ. g—im.mmilfmi Somu gt qunongfund b, l()—"’l,’. Y ~naf
wnd g oy i ‘&imn‘lup{. W prusgy oo g p o g i wngpl Snp A 3, R-:-S-q-ﬁ. '”l_'“"
rugupdl wpugnfywle dwogmup. My owpadn o Sbpl dwogmop. HGFE—5pn um-
Sbgl s Jm*ipﬁm_lp. HGL &k KFE—d il u sclpunlpfrg  one S bigof st Jmﬁlu,im;ﬂ:
Fig. 1. Earthflow in Sochi, on the Black Sea coast. a) plan, [—bench mark; 2—open
depth creep well; 3—boundary of earthflow: £ trajectory of creep; P-—uphlll earth-
flow; Q—downhill earthflow; b) cross-section along line AB. 5-vector of creep rale;
6—actual sliding surface; 7—old sliding surface; 8—supposed slope surface; 9—accu-
mulated earth nasses; /0—iill; S-—highway; W-—open depth creep well No. 3; R
road; M,—scale of displacemen! rales: M,—scale of distances; HGFE-old surface of
sliding; HGL and KFE—actual surface of sliding.
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Puc. 2. odozpaghbl onoA3aniil; ) 20pu30HmaibHan naockocms; G) sepmuKaAbHanr
YHPOBKA KOOPAHHATHHIX oceii 5 MHAAHMETPAX B TOL.

naockocmb. T'pai
vh. 2. Unqoelinepyul fagngpupbp. a) finphgnGuljwb fuppacpynil:  b) auqrudhg
huppntmm_[i: l;nnpqln'luuu-wﬂ-'n g pUlpl wuwnfpdwhufnpnedp of ol plip bl

At 'r}

Fig. 2. Hodographs of sliding. a) horizontal plane; b) vertical plane. Graduation
of coordinate axes in millimetres per annum.

b0 ckoabKenus EFGH (puc. 1,b).
nsiia okoso 50 Aa/200. BesiefcTBHE
LHHLl B TPyHTE HE o6HapYKH-

GOKHMil 3eMASHON NOTOK € NIOBEPXHOCT
Cpeausisi CKOPOCTh CMELIEHH5 cocTas
HHTEHCHBHOM NMOYBEHHOT conHAOKIHH TPE

BAJHCh.
B 1934 r. Obina nocTpoeHa ABTOMOGH/AbHAS JOpOra, W HajJ 3eMIAHBIM

roTokoM OBlia ycrpoena Hachillb CKL sicoroit no 9 s. Hachnb nperpany-
J1a 3eMJISIHON TIOTOK; B pesyJ abTaTe e/LAHBIH 3eMJIAHON MOTOK OKa3aJCi paabu-
TLM Ha ABA OTAEIBHBLIX 3eMISHBHIX NOTOKA. D710 BHI3BAJ0 HAKONJIEHHE 3€M-
ASIHBIX Macc Ha BEPXOBOM YUACTKE LD u o6pa3oBaHHe HOBOrO yuacTKd
[IOBEPXHOCTH CKOJIbIKEHHS 1G. B uuKHell vacTH CKJOHA MPOHCXOANT
onoJ3aHHe HachbilH Ha Y4YacTke CK, c o6pasoBaHHeM HOBOTO ywacTka mno-
BEPXHOCTH CKOJbXKEHHS FK. Bektopsl CKOpOCTH cMemleHHsi B BepXOBOil
yacTH BTOPOro 3eMJISIHOro TOTOKA (toukn Ne 10 u 97, puc. 1,b) mnmeioT
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G0abIION HAKIOH. ITOT ;lau;m;‘i_)nocreueuno VMEHbLIAETCH K S3LIKY 3eMay-
L i Ne 26 u 25).
uomTI;?;T.f\?autﬁ?aiﬁ;:. NJIOCKOCTHOE ONoJ3anue, 'mmmuoe. :1.131 3eumu‘|ux
NOTOKOB, BHAOH3MEHIIOCH HA YYACTRAX, NPHMLIKAIOWHX K uauaml.‘u 'm.e-
12710ch BpallaTeIbHLIM: B BEPXHEl 4ACTH CKAOHA BCACACTBIE l!pg;rp‘.l:m:
CO32aHHOM TOPOKHOM HACHINBIO, & B HIXKHEA HaCTH CKIOHA—BCAGACTBHC
Harpy3KH, OKa3nBaeMOil HAaChNbio HA ee HeYCTOIlYHBOe OCHOBAHILE. .
Taabheiimee passuTHe COOBITHII SACHO: YBEJAHYEHIE NABJACHHS, OKa3bi-
BAEMOr0 H3LIKOM BEPXOBOrO 3eMJSHOrO NMOTOKA HA HACKINDL, W YMeHblIeHHe
COMPOTHBJIEHIS, OKA3LIBACMOrO ro10BOIl HH3OBOrO 3EMANHOrO NOTOKA, GyayT
HMETb Ppe3y.1bTaToOM pacnpocTpaHenne TAYGHHHOII NOASYUECTH HA camoe
HaceiNb; B OvayviieM o0a 3eMIAHLIX NMOTOKA COABIOTCS B OAHH U HACHUL
CTaHeT paspylaTbCs, ecaH He OYAYT OCYILECTBACHL MPOTHBOONOJIZHEBHIE
MepBl. -
Anaausupys pacnpejienenine BEKTOPOB CPeAHHX CKOpocTell cMeltenns
i aedopMauni COOpYXKeHHM, OKa3aqoCch BOIMOXKHBIM MNOJAVYHTL  SCHOE
fnpejacTasjelie O MeXaHH3Me ONoJ3anus H NPeACKas’aTh ero NoBeAcHHe B
OvayiLem.

UNLULLULD A LPLNRON R

Menpbune wbub. qhm, golmaer FGOPE SUL-USLAULE LD
L pGdbGbr—phbwrne ZRUTPY SHA-USLO UL WL

Ibbdpbeww, Unqubpuph hhmbpp wbquiywpd Sl of g fls wpwgaflymbibbpfh fhppacdauiy
fmpayg b dhdwybe  oqhby  wnqulbpbbph  Sblabpydh mumdl b fipd whpo Uygy dhppmidnud y
Sedbfeed L Gugpaibwgwd ungmilinfl juls bhfluigpaf jul s ﬂm l‘tu‘mmmlpu[ hwnangg-
qoud ki gdwgphp' wagoiiefljul Sagagpuwdhbp. qpwbp gagg L owgfu wnkgupuwpdidwly wjpu-
guufl juls 4i{cmnplr&p[a pupfuncd ps Zm‘mqpm;llbpﬁ gdugplwl kb Jhppmeddwl J&pm". gy 1
wpud dp Sngquioupl oppbuwlhp fpuw’ Unypaut, Uk Uniffy e pliz Snquinupp spnifupif by bp S
bumuwpswifl hgpl Gngdpy. gpo Vhinbwhpny JL Naquisnupp pudwinfbg bplyne '-'nrjﬂh'nu'l‘m
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Lwhghpf ofpuw Suquighle qubgfwdihph sty whyuwyumpdp hmn s pif warl
L fpoppugfils unnpf ?lmfumu’mmpmmnmlimb finygymdd. i mumlfbmu[ipmﬂ!m?qr
dhS oghmiflynih b ungoidiogf] push dbfuabifrgidpy of bppnidif il Surd wipr S&qmzm‘ndﬁ
Ax. Ay L Az bLphkp puqungpfolibpp wf gy Af Jnm'whwf,mu'f:gng{r Surdl g
apugfacd b ufromnbdunn il qlinnbgfuslju qfxmmlfh&p[s 2hnpsfuf ﬂluu!fmh
(ushighph funppusfi ungpp dThd dwuwidp Hpwpnibigme . Mpur it g d unyph
'fl.mmqmumﬂpubp milih Fhd mbumlpuh b grpd ok hzmhmf;mﬂpulu Uma‘}mﬂi
gpom ocuncduufprfl e humwpefwmd | 0k qdimpnifl jmilihpl $hng Uyn fruly
upurmSuren bhplm tfrnugmud ungrihingff juh o fruus gl dnumunfnp dbppmidndp f.
pon b hppundbys Uy fbppnidnud p Shdinfuwd k fyua govibrns g d ungolionfl gt Li-
Prugpmflpwh of po, bpp wpuwgaflpndip S ww o Lol Sunfuump | prougil sl -
Jw gfrnnalihpl of po Shdifwd ml:qwzmpdﬁ dhyfl urpris ol st ghmjmf)
qpush wyg Suruumpulughng buflugpnufd purh up Sl fuphyh b vurmdimy unqulipf
L hfuwhfingdf durufils fwpling phncflugpbp:

Shqupupdh dhspl wpwqmflpuy fblmnpp v, o, b o, prusspuapib gy

! Poigughymaul 1971 P huwjugud Fpndinbihp bl frlpws gfe b Sl puaspflim fl gty nppg
Povrpuraybgu pusts (bppnpy '}wllmp;mﬁ-bt{puqm&wﬁ) YabiPhputinfils lrﬁp(tm;wgfwe gl g
pw(?;rmﬂfmln ‘,Qﬁﬁmgnufp Spunmupulpfby | hnPplpuluf wpfuwmubplbpnats (G Ter-Stepanian
and H. Ter-Stepanian. Analysis of landslides, Proceedings, 4th Budapest Conference of
Soil Mechanics and Foundation Engineering (3rd Danube-European Conference) Bu-
dapest 1971, p. 499--504).
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&b b wpddwl Jfsph mpwq:uﬂ_:m r
fum}fq‘Ef;;n::;:{:(}:;:;frf;&.ﬁnpafmgfrml:bpp. Shwpwifnp byunf wupy wyanlph -
pmsﬂi:lf wenwbay wvoquliph Jb[umlt[lqd'ﬁ Jurupl b l{waumqquf‘!fq qprw mapmgm
uwppp:
ANALYSIS OF LANDSLIDES!

GEORGE TER-STEPANIAN, Prof., Dr. Tech. Sc.” and
HASMIK TER-STEPANIAN, C. E.°.

SYNOPSIS. Analysis of average displacement rates of bench marks in land-
slide areas may give a great help in the study of landslide mechanism. This analysis
is based on the assumption of steady sliding. Diagrams—hodographs of sliding are
plotied for this purpose; they show the distribution of displacement rate vectors. The
method of drawing and analysis of hodographs is shown on an example of an earthflow
in Sochi, on the Black Sea coast. The earthflow was blocked up by a highway fill; as
a resull a single earthflow was divided Into two earthflows: the sliding in the paris
adjoining to the fill was modified and took a rotational form.

Slow movement of earth masses on slopes occurs in the preliminary
phase of depth creep; its study may help in analysis of the mechanism
of slidindg. Three components of displacement dx, Ay, and Az for the
given time interval A are determined as a result of systematlc geodetic
observations. The depth creep of natural slopes in most cases is unstea-
dy: the investigation of unsteady creep is of great theoretical and prac-
tical importance. However its study is connected with many difficulties.
Therefore only an approximate analysis of sliding may be carried out
on this stage. This analysis is based on the assumption of steady creep
with a constant rate equal to the average displacement velocity derived
from perennial observations. Nevertheless Important features of landslide
mechanism may be found even with such simplifying assumption,

Components oy, 7y and v, of veciors of the average displacement
rates are determined according to Egs. (1)' and the horizontal projection
©, of the average displacement rate vector Uy according to Eo-(2)!

Two diagrams are drawn, one showing the horizontal plane (with
coordinate axes o, and ©y) and the other — the vertical plane along {he
total displacement rate vector o (with coordinate axes v, and ,). These
diagrams are hodographs of the displacement raftes of sliding assuming
that the process is contlnuous.

Different types of hodographs of displacement rates for various
cases of sliding were shown elsewhere (Ter-Stepanian and Goldstein,

' Abridgment of a paper, presented to the Fourth Budapest Confcrence of Soil Me-
chanics and Foundation Engineering (111 Danube-European Conference) held in 197: in
Budapest. The paper was published In the Proceedings of the Conference, p. 499 504.

* Head, Laboratory of Geomechanics, Armenian Academy of Sciences.

* Senlor Engineer, Laboratory of Geomechanics, Armenian Academy of Sciences,

! Formulas and figures see pp. 111—118.
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éif:f)'fij. A practical example will be shown below for two small landslides
jon Bytkha mountain in Sochi on the Black Sea coast. Plan of land-
sslides and longitudinal profile along the line AB are shown on Fig. 1.
“Two earthilows P and Q are located in hollows with steep slopes co-
svered by talus and colluvial deposits; a highway fill is found between
' these earthilows. Intensive solifluction takes place on steep slopes camou-
flaging thus landslide fissures. However landslide deformation are well
‘seen on constructions (roads, dliches, shoots); this makes it possible to
‘outline the landslide boundaries reliably. The location of an open depth
‘creep well described elsewhere is shown on the plan (Ter-Stepanian. 1965);
‘the sliding surface was found to be in a depth of 3.0 metres.
Pulygonometric measurements on bench marks were carried out in
October 1957 and in September 1964. Hodographs of sliding are shown
on Fig. 2. Their aralysis has displayed the mechanism of sliding in the
following manner.
A shallow earthflow was in pregress for a long time on slope
ACDB having an average inclination of about 12°; EFGH was the sur-
face of sliding (Fig. 1,b). The average displacement rate was about 50
mm/year. Due to the intensive soil solifluction fissures In the ground
have not been observed.
| A highway was bullt in 1934; the fill CKL with height up to 9
" metres was made above the earthfow. The earthflow was blocked by the
fill; as a result the single earthilow was divided into two separate ones,
P and Q. This has caused accumulation of earth masses on the uphill
Jot LD and formation of a new part LG of the sliding surface.

The sliding of the fill on the lot CK takes place on the downhill
part of the slope. and a new parl FK of the sliding surface is formed.
Vectors of displacement rate in the upper part of the second earthflow
i. () (points Nos. 10 and 27, Fig. 1,b) have greater inclination. This inclination
i decreases gradually toward the earth flow tongue (points Nos. 26 and 25).
} Thus the planar sliding which is typical for earthflows has modifi-
- ed in lots adjoining to the fill and developed into the rofational one: in
' the uphill part of the slope due to the barrier formed by the highway
| fill, and in the downhill part due to the load exerted by the fill on the
- unstable foundation.
| The further evolution of events is clear: increase of pressure exer-
[ ted on the fill by tongue of the uphill earthflow and decrease of resistan-
F ce offered by head of the downhill earthflow will result in extension of
' depth creep on the fill itself; both earthflows will be united in the future

and the fill may fail if no landslide control will be carried out.
Analyzing the distribution of the average displacement rate veclors
and deformation of buildings it was possible o obtain a clear picture

'~ on the mechanism of sliding and to predict its future behaviour.
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