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Hbl TPH YPOBHE
OrMuECKOE MOBEJEHHE INTH
KACA?E:J;HM HATPSDKEHHHA, BAN3KOM K PASPYIIAIOWEMY!

Waeu-xopp. AH ApsCCP, npod., Aok, Texu. uayk T. H. TEP-CTENAHSAH:

-qecTs TANME TNpH CABre cOCTONT n3 ¢as MoOmansawum, pas-
:;:ﬁ";p;:é n.gg;i}nn. XaDAKTEDHSYIOUUIXCE YMEHbIUGHHEM I YBCAUUEHIeM CKOPOCTI
Pyt caBura: STH NPOLECCH MPOTCKAUOT MPONOPIMONANLNO Bpemeni. Vpemuse-
iﬂl?op_llam ¥ e¢op;!3m“‘ casnra 8 (ase paspymenns He OSHAYACT, 4TO NpOmEce jgomken
HIe ;h;l::cc‘;“ paspyimenmes. Paspyieiiie HMCET MECTO TOJBKO TPH BHCOKOM yponre
fmaﬁgnxemm (s usysemsmx rpyntax npu f=t/c=055) n cpasuuremnio Mazom Bo3-
acre manpaaesns (100—200 aumefl). JlanTeasHoe NCOHTAHUC (OKOJO WICCTH JeT) moka-
Fa0, 470 Nph HECKOABEO MEHIIEM YPOBNC Ranpmkenns  (f=0,50) rpyRr me paspymia-
etcs naxe Goaee uey wepes 2000 auelt m MOASYHECTh MPOTEKAeT C yMeHbuiaomeficn

11 cex—1), Dror (KT NOIBOJHET CVIIECTBRHHO YBEAHUIBATE PACUCTHHE

4= 10—
mﬂﬁﬁu é'aanpfﬁi{e“"“ rpylToB Ge3 ONACEHHS, YTO TOASYWECTh MO MCTEUCHIN OUeNb

GOJIBLIOrO BPEMCHIl 3AKONYNTCA PaspymeHien.

b ¢ —

1

Ilpakrtiueckass HeOGXORHMOCTb OHEHKI JUIHTEJBHOrO CONPOTHBICHHS
IJIHEBL CABATY IIPH YPOBHE KAaCATCJLHBIX Hanpsukeunii, 6JH3KoM K paspy-
menmio, He Tpebyer poxasarenbcts. OAHAKO TECOPETHUECKHE NpeAcTasJe-
HAS H SKCHEPHMEHTAJIBHBLIC AAHHLE, OTHOCAINECS K PEOJOrHYCCKOMY Mo-
BEeACHHIO TVIHH NpH O4YeHb OOJLION AINTENLHOCTH BO3JeficTBHA Hanpsxe-
upil, eue Kpaiine HeJOCTATOUHHL.

Tpanunuonioe NOHHMaHNE JJINTEABHOrO CONPOTHBJICHHS OCHOBAHO HA
HHTEPNPETAIHH SKCIEePHMENTANBHEIX KPHBBIX NOJ3YYecTH (KpnBne Bpe-
M—nedopyaius casura). PaspylieHue NMOHHMAETCst Kak TOMKA Ha Kpu-
Boifl mMoJI3yyecTH, B KOTOPOil CKOPOCTh JE(OPMAaHH CABNTA HAYNHACT yBe-
JHUHBATBCA, T. €. yCKopenue JedopManun CABHTa JAeNaercs NMOJOMKHTENb-
HuM (cM., Hampumep, Schmid, 1962). Teopernueckoe muayuenne u sKcme-
PHMEHTBl NOKa3aJH KapTHHY, CYLIECTBEHHO OTJHYAIOUIYIOCSH OT H3JI0XKeHHil
(Tep-Crenanan, 1976). Hopasi cTpyKTypHAasi TEOPHSI ONMHCHIBACT npouece
NOJISYUECTH MPH CABHIE cjaenyonum o6pasom.

Crpykrypa rpynTa XapakTepHsyeTcss THOOM M pacnoJoXKeHHeM vac-
THI, H CJIEJOBATeJBLHO, ONpefesleHHofi CHCTEMOI TOUeK KOHTAaKTa M CHJI,
Aefictsyromiinx Mexay numn. Takum oGpasoM, Kaxnast CTPYKTYpa rpynra
HMEeT OrpaHHyCHHYIO BO3MOMKHOCTL JAeopMipoBanust (BHIHOCAHBOCTBL), H
CJe/IOBATeNbHO, OrpaHHYEHHYIO BeJHUHHY conpoTHsJaenns. Korpa makon-
JICHHBIE KacaTeJbHble HANPSIKCHHSI NMPEBOCXOMST STO 3HAUEHHE, CTPYKTY-
pa rpynta TECpSCT CNCCOOHOCTh K CONPOTHBJIGHHIO HANPSUKEHHSIM W Mpo-
HCXONHT CKaukooOpasuas peopraHmsanmusa  erpykrypst  (Tep-Crenamsin,
1948). Mexannueckne cBOfiCTBA BHOBL CO3AAHHOMN CTPYKTYPHI onpeeJis-
0TCs  caygafinbiMi NPHYHHAME, TOITOMY CKaukooGpasuas nepecrpoiika
CTPYKTYPBI JOJIJKHA PacCMaTpHBATLCS KaK CTOXACTHYECKHA mnpomecc.

! TMepepaGoTanuuft mowgan, npejierapaennafi X Mexaynaponnomy xomrpecey 1o
rgexamrxe rpywros n dynpamenroctpoenmio 8 Tokmo, mious 1977 (G. Ter-Stepaniam,

2 30n JlaGoparopuelt reosexannxy UTHMC AH ApmCCP.
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B npoTHBONONOKHOCTE 3TOMY JAedopMauns KaxAod CTPYKTYpHl Opo-
TexaeT NJ4BHO, MOAUMHAACH PEOJIOrHYECKHM YPaBHEHHSM, BLIBEJEHHHIM H3
reopuu kunernueckux npoueccos (Eyring, 1936); mosTomy oHa npexcras-
aser coloil eTepMUHHPOBAHHEIA npolecc.

OcuoBwBadch Ha Teopun IfipuHra, jgonoadenno#f Mutuesom (Mit-
chell et al, 1968), aBTop BHIBE] DPEOJIOrHYECKHE YpPaBHEHHS, YYHTHIBAIO-
mye pAA AONOJHHTENBHBIX (DAKTOPOB, KakK-TO: YPOBEHb KacaTeJbHHEIX
HanpAxeHdit =, Ae(OPMHPYeMOCTh CTDYKTYPH TDYHTA, CTAaTHYECKYI BA3-
KOCTL ., BO3pacT HanpsKeHHd { M CPEJHIO0 AJHTEABHOCTH oOcemaok
#KH3HH cBAsel. B 3aBHCHMOCTH OT HANpPaBJEHHS H3MEHEHHS CTPYKTYpH
rpyHTa AJIHTEALHOCTh OCE/JION KH3HH CBfA3EH YBEJHUYHBACTCH HJIH YMEHb-
11aeTcsd; COOTBETCTBEHHO BEIAENSIOTCHA pasaminbie (as3nl moasyuectd. Ilpu
NPOMEKYTOYHOM YPOBHE KacaTeJbHEIX HaNPAXKEeHHs MeXAy NpelelaMu
NOJN3YUCCTH % W paspymenna  T(5<?<%q) HMET MecTo TPH O(azu
nojaygecTd: MoGHJAM3alliH, paspyuieHHsi H crabuausaund. IIpH BEICOKOM
YpOBHE KacaTeJbHBIX HanpsKeHuH (=>%q) HabaonaoTcs aBe thass moa-
ayuterd: MOGHIHZAIAA H pa3pylleHHs.

B ¢asax mob6HIH3auKA M cTaGHIH3ALWH KOJHUECTBO Ae(eKToB CTpo-
enus TPYHTA yMEHBIIAeTcsd, CTPYKTypa rpyHTa jenaercs GoJee ynopsizio-
YeHHOX MW TPOHCXOAHT OPHEHTAIHA YacTHI; NOSTOMY AJIHTEJIBLHOCTb OCes-
Joit Ku3uy cpA3edl yBeawyuBaercd. IIpuHmMas, 4TO 3TO YBeJHYEHHE NPO-
HCXONHT NPAMO NPOMOPIHOHAJLHO BPEeMEHH, IIOJyYaeM CKOpPOCThb Aedop-
Malny cABura B (pazax MoOGHAHZaLHH U cTaGHIH3AIHHA

1=a (s—%)[it, (1)

rjie a—cTPYKTypHH# Kos((dunuent, saBHcCAmHA oT HedhOpMHPYEeMOCTH
CTPYKTYpHl TPYHTa M CpeJiHell KacaTeNbHOM CHJEI, JAeHcTBYyIOmeH B Kax-
oM TEeKy4YeM 2JEeMeHTe B TOYKaxX KOHTAaKTa.

B tase paspymienus Bce STH NPOLECCH DasBHBAIOTCH B IPOTHBOMNO-
JIOJKHOM HATIPABJEHHH H JJNHTEJNLHOCTh OCEeNJIOH JKH3HH CBf3ell yMeHbIIa-
eTcsl; MpHHAMAfA, YTO 9TO YMEHbIIEHHEe NPOHCXOAHT TaKKe MPOMOPIHOHAb-
HO BPEMEHH, moaydyaeM piasa (assl paspylleHHs

1=a (x—1) tfitm, (2)

rae ¢, Bpems MobGuausanud, OnHcaHHbe H3MEHEHHS Ae(eKTOB CTPYKTY-
pul 6uta nokasanst C. C. BanosuM 1 ap. (1972).

Hnrerpupys ypasHenus (1) u (2), nonyuaem Bennuuny nedopmanun
NOJ3YUeCTH IS Kaaol cTpyktypul. B ¢aszax moGuanzaunu ® crabuin-
3allHH OHA paBHa

=t . (AL
(=a T In TR

rae Af—wmanwlifi TNPOMEXYTOK BpeMEHH, PaBHHIA eIHHHIlE, HanpHMep,
opna cekynna. B dase paspyumennss BesnuHHa JAeopMaunEH IOA3YYECTH
Ka)Ka0H CTPYKTYpHl paBHA

T—1Tp

1=a t*+4-C. 4)
_ o0tm - :

YuuTteiBas, 4TO B BHIpAaXKEHHE INOJHOA AeOpMalHH NOJN3YYECTH TPYH-

Ta K KakoMmy-1u60 MOMeHTy BpeMeHH { HeOOXOAHMO BKJIOYHTH TaKKe

cymmy, nedopMalHn, KOTOPYIO NpETepmesH Bce NpeAUIeCTBYIOIIHE CTPYK-

TYPHI, HafileM BeJHUHHY NMOJHOR AedopMalnHH MOJASYYecTH B ¢dase MOGHIH-

SalHK
10—692

HCor - (3)
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cTpykTyp B (hase MOGHIHIALMIL
Py,[laap ¢asn pazpyienus nOaYHHM
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rae T,—Aaedopmanns npi npeieae MoGnansanny, f—=f, U H,—YHCJAO
cosn;::muxca cTpykTyp B (asax MOOHAH3AIHN # Pa3pylUEHus.

Kpusbie nosasydecrs Aas uomenona.rt‘ﬂblmx .CTP)’GKT}'P rpyiTa cocro-
4T B3 KVCKOB JOrapHMHYSCKHX RpPHBHIX B fpasa.\ MOGHINIAUMH 1t cradu-
anaammy, ® napadoa B ¢Qase paspylieHms: npH Cha‘“\f’oﬁp?“?ﬁ fepes
cTpoiiKe CTPYKTYpH npou.«iﬁgﬁmpexonur oT 0AlOIl BO3MOMHON KpHBONl K

o f ecekatollLeil.
c;le,lgg:lll?;b;gr?ligcm,c npRELITHE GbN NOATBEPKACHN Ha 20 onwiTax na
oa3y4ecTs, NPOBEJAGHHWX Ha ABYX o0Opasuax HeHapyeHHOI BLICOKO-
naacTHYHOl  MYBCTBHTEIBLHON — NEPEeKOHCOANANPOBANHON  AHATOMHTOBOI
raunel w3 Cucmana (Apuennsi), BanThix ¢ ray6unn 40 n 76 m. Hekoro-
phie ONMBITH ATHINCH CBHIUE MATH JICT; YACTh OMKTOB MPOAOLKACTCS. Vpo-
BeHL HANpsAAeHuil Bupakaercs uepes j=/s. OGeyxnenne peayanratos
ONBITOB OTHOCHTCSH TOJABKO K H3YUEHHBLIM FPYHTaM,

KcnepHMenTH TO3BOMNI OOHAPYKHTL BAXHOE SBJEHNE, Henmocpen-
CTBEHHO CBsi3aHHoe ¢ paccMartpusaemum Bonpocom. Ilpenen mobGmansa-
MK nMeeT MectTo B Bospacte Hanpsukennii 10—15 aueit, satem ckopocts
nedopmamun ciBura ypeanunsaercs (ypasnenue 2); 910 CnpaBeIHBO JUIs
BceX OMBITOB MPH KacaTeabHLIX HANpPSKeHHSX, NPEBbLINAIOMEX  Mpeac
noasyuectn (f=0,15). CoraacHo TPaAHUHOHHOMY ONpEAEJNEHHIO, BO BCex
STHX CJAyYasix ONBITH JONKHBL PAaHO IJIH TMO3AHO SAKOHYHTHCH paspyiie-
HHEM, TOCKOJBKY CKOPOCTb Aedopmaunu casura yseanunsaercs. Orciona
caeayer, 4To JJHTeJIbHas MPOYHOCTh OYeHb Maja (paBna npejenay noasy-
yectn). ITO 3aKJOUEHHE HECOBMECTHMO ¢ (DAKTOM CYIIECTBOBAHHA BLICO-
KHX TIPHPOAHLIX CKJIOHOB B TVIHHAX, B KOTOPHIX KaCaTeJbHLIC HaNPsKEHHs
BAOJL MOTEHUHANLHOIl TOBEPXHOCTH CKOJLKEHHS 3HAMHTEJbHO INpPEBbilIa-
JOT Tpejiesl MoJ3y4ecTH.

JautesabHbie ONBITH NOKasaad, ¥TO B OGOJBIIHHCTBE CcJAyvaes 3To
yBeJHUeHHe CKOPOCTH NOJSYYeCTH MPOAOJIKAEeTCs TOJNLKO A0 HEKOTOPOro
npedeaa crabuaudayuu; nocae 3TOro CKOPoOCTh AcopMaiiH CABHra He-
NpepLIBHO yYMeHbLIAeTcA. YMEHbIIeHHe CKOpocTH jAedopMauHu  caBHra
nocje HEKOTOPOro veeanycius Oblio Bnepsele nokaszano buumonom n Jlo-
senbapu (Bishop, Lovenbury, 1969). HenpepuisHoe yBeanuenne ckopoern
Aedopmannn caBura, Beayllee K paspyuienunio, 66110 o6HapyKeHo TOJMLKO
MpH BHICOKOM YpoBHe Hanpsekennft (f=0,55); paspymenne nacrynmaer ue-
pes 100—200 nwefi. Tlpu WeckosbKO MembleM ypoBHe Hanpskenmit (ma-
npumep, npu  f=0,50), paspymenne me Hacrymaer jaaxe cnyctst 2000
anedi (OKOJIO WECTH JIeT) W NOJ3YuecTh IPOJOJKAETCS ¢ YMEHbUIAoNeHes
ckopoetbio (=10 -1c-1),

Ha prcynke noxkasansl npucymine Kpusbie (Kpusbie nedopMaimi caBi-
ra—ckopoctn JedopMauun ciaBHra B JorapupmmueckoMm wMacmrabe). Ilo-
BOpPOTHaA TOYKa NPHCYIUHX KPHBHIX COOTBeTCTBYeT HanOoJbIIeH CKOPOCTH

Aedopmauun casura .'S[. B (hase paspywienusi; oHa Hasupaercs npede-
Aom crabuausayuu S, Tlocqae 3TOro cKopocTh Aeopmauny CABHra He-
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Hpucywue kpussie 02 onuTO8 npu HOpMassHom Hanpaeruu o=100 xlla, Ilud-
pul BEEPXY NOKasWBAIOT KacaTeabHoe Hanpixende B k[la, a BHHSY—ZJHTEJBHOCT: ONHITZ
B jiax. Yepnwe KPYKKH 03HaualoT mnpefen MoGHIH3alHH, a CBeTJhle KPYXKH—IpPeael
cratuansaunn. Toasko opun omuit npr ==>55 klla (aanTeasnocts 111 ameft) sakomuHICH
paspyuwienseM; B OCT2JLHMX ONWTAX NPONECC TOCTENEHHO CTAGHIH3HDOBAJCH, €CAH ONHIT
npojoaxanca Goaee, vem npumepro 200 gaeil,
g =100 4w Gocdwy juedul  gbgfoud fordbep  orwfwonly Yarmgdbep: dbplkp  Fifbpp
grigy b wphu gugunfoy pupadp §Mw-mf, ful Shppklbp'  finpdf wkagmfpdp opbpmi: Uk
pppudialfibpp Tpwlwlnal b dnpppquglel swSdwhp, ful pug 2ppwinulfibpp®  wwupfyfigug-
Fule wufidwlgy Vg dbly sfmpdp ©=55 §Mw (whngmfnds 111 op) wiwpmiby pujgumdny.
Thmgwd sfnpdbpual, wlbyf pats 200 op wlddipne qhwypaul, phflwgel wunplwbwpwp lppndgfbge
Intrinsic curves for all tests at normal stress =100 kPa. For each curve
figures above denole shear stress In kPa and below, duration of the test In days. Black
circles denole the mobilization limit and while circles—the stabilization limit. Only one
test at ==55 kPa (durallon 111 days) has ended in failure; In the rest of tests -the
process was gradually stabilized, if the test lasted more than about 200 days.

npepuiBio yMmenbmiaerca. OTcioga caeiayer, u4To yBeJHYEHHEe CKODOCTH Jie-
(Gopmauuun CABHra nocje ee yMeHbUICHHS He O3Hayaer, 4TO Hpouecc A0J-
sKeH 06e3yCJOBHO 3aKOHYHTHCA Pa3pylIeHHEeM.

Beigodst, B o6mupHoi 061acTH, 3aKII0UEHHOR MeXAy NpefesaMH IoJ-
sywectn (f=0,15) u paspymenns (f=0,50), npouecc moasyyectH craGu-
JIH3yercsl, XOTsi U IIPOHCXOJHT BpPeMeHHOE yBeJHYeHHe CKOpocTH Aedopma-
IHH. C/ABHTa. DTO NMO3BOJSET 3HAUHTEJBHO YBEJHYHBATH PacyeTHOE COMpO-
THBJEHHe CABHry 0e3 omaceHHfi, 4TO TPYHT MOMKET pa3pyIIHTBCH Hepes
o4eHb GOJIBLIIOE BpeM.

—s o —

HUAk FONLAGPULLL JUMLE, BPR GAGUONY, LUPNRULLID
UUhUMULE UNS | LUSLUSUTULL!

20U% %0 prpulhg whpud, wropbuor, whjub. ghw. golmor FHAP%E SHP-USHOULSLL

Mhpbrwm Vwiph dudwhul heolfi engpp pughugud b Sopgfqugldwh, puipoplul k
wip fipfiqugdwh oghphy, apnlp phmfugpdacd ki phfugey dwdwhalfl googuSbe phHopdu-
gl wpugmflpute fwgledp b wldwdp.  purgpus gl sfoeymul qlhPnpidwgfn gl
wgpmgneflpul wlp e Ipwhulaul, np phfugep whog b wfwpodf puipumulofs Pwipunulp
whafe b wdiblinad dfpugh pupealibph popdp dwlwppelfy (moeudbwefipfuwd gpodonbbph §o-
Jup, bpp  f=%[c=055) k pupnullbph Swdbdumupap fugp Swnmlfe ghygaut (100—200
op)r bplwpuonl  spnpdwplnulp (dnw by wuph) gogg b oumfby op pupnalibpl o fimpp

V\ Sulpfngaut 1977 B fupmgwé Ppndunbbph dbpowbjplpgh b Spd gupplafyut  fhbbprpg
Sunlugfumpfa gl fnbgpbupl Shplwugfmé fbpulmplud gblpgauls 3bhagnulp A pusen gl by
£ hnkgphufe wypnmnwlphbpnul (G. Ter-Stepanian, 1977):

2 2002 M HUP ghndbfawbplpugl pupepueapfogf dagpfe
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Pt "#-‘FF&’ qh:.,.”‘. [ f:?;ao:U::J: (f:z‘i;oil:;-ﬁi 1)1 Uyg sfpmuemp Fouyp b wmughe
wagpp pupmbsidnd Jugny wpmEs fught gnzenfing pupalbbpl wnwly bphdabn, ap
qgusppaphl JEdwglly gradintibph Swpfwplmipt 1 o
anggp T3 dmdububudfrrghy Shovn Guspef pmipei
mt wimwmdal grpdbwlmb  whipwdbimaflimba, Y

t-# .-{'ﬁ LP"”‘""“‘ #JH!P f:’s ‘b wppu jifwl ‘.I Plllqﬂ';'ll,f’h“' Ph‘ 'i'ﬂ{up:[ll.:n
bpp pepupny pepultipl dwhupgaupp dam L poipnd i gl
Vsl B qupdwl ifﬁwr-ﬂﬁ lﬂ‘(q‘,“pj“’" '!*"!f'”“r fudfp n i gfrosalpss z Fp,:'. Whpmphpdng
mbpwhul ouelbps aullbpp & frapdbalpal ""L"'IH':"E ghuku qufwquby w prfupep bl

Skl gilagpmeffpab wfwlnulul pdpatinulp Spdtinfmd & wnqpf hapdbahul fnpugdp
Shfhwpuldub dpe (ol welhiny- w5 pr ﬂimq‘u[ﬂ"'plﬁ"" Ynpughd)r Paypuinulp Swelmgfaul
& ungpf ﬁu’u‘}p fpu apghe w gl hbop, npinky wwipfe Aeasfer fmefl gyl "F"""‘PJ""'E pu-
fpunad £ wihy, wyufibph e Sph Absusfimfumeflyut wpmgugnelp qunknul | gpuhul (@b’v opfi-
S, Schmid, 1962): Shusul meunulbuuppmfyodp & opdbpp gouyg wfbphlk Jupunpiudhy
bungbu wuppbpfey wuenkbp (Tep-Crenanan, 19?'6_':‘; Unp wpmlpmnipuighl wbomPymdip uwms-

ol um LPwgpr Blpupugposd £ Shinbguy Ghpuge

ol 1‘,::&“‘5 :::ﬂfﬁ:"f"'l' plimFugpifnul § daubifllibpp wbomlnyd b quwufapmfialp, no-
wp k Syl wl hbwbpl nplzmwl u!uurhfm{ oo Wpuwbg Jfigh gapdng medbpoif e ’padmﬁ [ipi=
pudyymep wapmilmarpul mbfe dbwfinfuncf b wuidwhadgualy Shwpudapnfiod (ghdugledin-
Fpldl') b Sbwbhwpmp #quprnﬂ}m? war vl bl .I”u}alppuﬁl brp iu‘nm*{mé ("‘“’m‘re
'lpm‘mignuf b wyy wpdbpp, gpracnfi uurpndjmmpmﬂ mﬁgﬁqnhw# b punkinul gfilvgpbpo
k whap £ mbbbnud wmpndmpugh Prppudk fbpuquew{apaul - (Tep-Crenany,
pugmd  wmpmlpuarggf Swmbpmflymdibbpp  spepfeud b waewSwlubophl,
!'P""F“"""‘l"l""“’l' upbing £ glnly npogba wwmafuwuafl

by,
1948) * Ump wnm
Shmbwpup winpnilpumnpes gfr fnfppmdl i
(wumutuwluh) phfwgp:

b Swhwgpnfpmb wpu, bkl puffwgplbpp whumfypuh Spfwh fpw (Eyring, 1936)
goipu phpfwd  nkapogpulut Swjwswpnolbbpfl Bufwplny wapmilpmmpugl g puby g
QharpufomPyns pofudinal § wwnids, Sholwpwp, wpg ghobplplugud (wunSusujul) ph-
Pugp b
Qlfbyn Upmghh hngithy pwgdwd (Milchell et al., 1968) Lypphale wbumfliwh fpu,
Shqphmlp Swplp wekbpnd df qupp (pwgeghy qopdnkbibp' flpwhy opfhuly, gnpuifing = gups
dwl dwhwpguhp, gpadof wipnelpmmepw gfe dbosfinfunefnehip, wmunnfplwhols C lwdnegflne-
Puuiip, qupduts { Swawhp, Qonbph bomwlgug hjobpl dhopb mlagmflndo, qupu b phply
s Sofsaspmlps Spuitonh wmpednaspurgh desufansfpat avpmfimhy fujojud
funghph bumwlyjumy hmbpl wlngmifipnicdip dhdwliaad funl spnppotinul £ el v wpuas soesss v for s =
ol wnwbdbubeol b sngpl wuppbp fimgbps Uhgublppug gngunfing  pupaolbbple duljupgulp
gl poed, ungph % b pusypu plo %q vuffwnSlipf kg {u[‘<1:<1q) mbgh ocul® ungpl
bpbp oy Tnpfpfgugdob,  pugpuplul ko o fyfogugdmis Gogunfiny  pupdp oo el e
dulpupyuilypy qhugprad (= > 5q) gpunfnd L wagple  bplae sfenglp® Sopfyfogugdute ke purgpu -
ks

Unpppymgduts &k wmwpfpfguglod fmgbpnual gpadanfs *wilrlllp:mb wpunnBbpf ffolp sfinp -
pulinul £, wapadpnnpul gunbaad §onfbpp Gopgonfnpfwd kb &m;.uwp{nuf £ lunnlifelgfebipfr Gl lin -
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RHEOLOGICAL BENAVIOUR OF cmvsl.ﬂ SHEAR LEVEL
GLOSE TO FAILURE
GEORGE TER-STEPANIAN, Prot., Dr.Sc.(Eng.). Corr. Mem. Armen.Ac. Sc.
during shear consisis of the mobilization, ruptu &
by decrease and increase of the strain rate;
oportionally with time. The Increase of the strain rate In
t:eseup::::?;:sz“:l?:ﬁd":'[ ;Ezau that the creep will end In fatlure, The failure takes
tlel:; gnl' at high stress level (in studied soils at f=z/s=0.55) and comparatively short
Pr:ess a 1 (100—200 days). The prolonged testing (over Six yeszs) Shase tHAtiel
:llghth‘glower stress level (f=0,50) the soll does not fail even more thin" 40.d57
{ater and the creep proceeds with a decreasing rate (y=10—11 sec=1), This fact ‘ena-
bles to Increase considerably the design shear stresses of solls without fearing that

t:e creep will end In fatlure.

Synopsis. The creep of a clay
and stabilization phases characterizing

——

| necessity of estimating the long-term shear sfrength of soils at
the st;l:;: lgz?ecl"zlaos: to th)e fallure is doubtless. However the theoretical concepts
and experimental data relating to the rheological behaviour of clays at a very long
duration of the stress action are still extremely insufficient.

The traditional understanding of the long-term shear strength of soils is based

on the known interpretation of the famlly of experimensal creep curves (shear strain
vrs. time). Failure is defined as that point on the creep curve at which the strain rate
begins to Increase. l.e. where ihe straln acceleration becomes posilive (e.g. Schmld
i Theoretical study and experiments have shown a picture which considerably
(ffers irom the above-mentioned (Ter-Stepanian, 1975). The new structural theory of,
describes the process of the creep during shear as follows.
The soil structure 1s characterized by the type and the arrangement of particles
and therefore by a certain system of the contact points and forces acling belween
them. Thus each soll structure has a limited possibility for deformation. (endurance)
and hence a limited strength. When the accumulated shear stress exceeds this value
the soll structure becomes unable to suslain the stress and a jump-like reorganization
of the soil structure takes place (Ter-Stepanian, 1936). The mechanical properties of
newly bullt structures are determined by accidental causes; therefore the Jump-like
reorganization of soll structure should by defined as a stochastic process.

Contrary to this the deformation of each soil structure proceeds smoothly obey-
ing to the rheological equatlons deduced from the theory of rate processes (Eyring;
1936); therefore 1t Is a deferministic process.

Based on the Eyring's theory, supplemented by Mitchell et al. (1968), the Au-
thor has deduced rheological equations taking into account several additional faclors,
such as the shear stress level =, the soll structure deformability, the statical viscosity
I, the stress age ¢ and the average lifetime of bonds. Depending on change of the
lifetime of bonds the different phases of creep are distinguished. At high shear
stress level, belween the creep <p and ruplure zq limils (7p<3<%q) three phases of
creep (mobilization, rupture and stabilization) are distinguished. At high shear stress
level (:>%,) two phases of cieep (mobilization and rupture are observed).

1 Revised paper, presented to the Ninth International Conference on Soll Mecha-
nics and Foundation Engineering, held in 1977 In Tokyo. The paper was published in
the Proceedings of the Conference (G. Ter-Stepanian. 1977).

? Head, Laboratory of Geomechanics, IGES, Armenian Academy of Sclences,

creep

A
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Io the mobilization and stabilization phases the quantity of defects of soll fabric
decreases, the soil structure becomes more regular and the orlentation of scil particles
occurs; therefore the lifetime of bonds Increases. Assuming that the strain rate T de-
creases directly with time, we have (Eq. 1) where a 1s the structural coefficient and
= Is the shear stress by which no creep occurs (creep limit).

In the rupture phase all these processes develop in the opposite direction, the
lifetime of bonds decreases and the strain rate Increases directly with time (Eq. 2),
where £y Is the mobllization time. The described changes of structural defects during
creep were shown convincingly by Vyalov et al. (1972).

Integrating Egs. (1) and (2) we receive the magnitude of the creep straln for
each structure. In the mobilization and stabilization phases It will be (Egq. 3), where Af
s a small time interval equal (o one unil, e g. one second. In the rupture phase it
will be (Eq. 4).

The creep curves for successive soll structure consist of line segments of loga-
rithmic curves In the mobilizatlon and stabilization phases and of parabolic segments
in the rupture phase; during the Jump-like reorganization of the soll structures the
process passes over from one possible curve to the next Infersecting one.

These theoretical principles werc confirmed by 20 creap tests, carried out on
two samples of a highly plastic sensitive over-consolidated lacustrine clay with an
undisturbed structure taken from the Sissian Pliocene diatomaceous deposits fn Ar-
menla from the depth 40 and 76 m from the surface. Some tests lasted over flve years;
a part of tests Is slill continuing. The stress levels are expressed as f==/o. Their dis-
cussion refers fo the studied soils only.

The experiments enable to delect an Important phenomenon directly concern-
ing the problem under considzration. The moblilization limit takes place at the stress
age about 10—15 days, Lhen the strain rale increases (Eq. 2); this Is true for all tests
at shear stress exceeding the creep limit (f=~0.15). As regards the traditional defini-
tion In all these cases the tests should sooner or later end In failure since the strain
rale accelerates. Hence the long-term shear strength shoud be assumed to be very
small (equal to the creep limit). This conclusion Is Inconsistent with the fact of exist-
ence of high natural slopes In clays where the sheir stresses along the potentlal sur-
face of sliding exceed considerably the creep limit.

The prolonged tests have shown that in mosl cases Lhis Increase of the strain
rate continues only to a cerlain slabilization limit; afterwards the strain rate decreas-
es uninterruptedly. A decrease of the strain rate after some Increase was first obser-
ved by Bishop and Lovenbury (1969). The continuous increase of the strain rate lead-
Ing to the fallure was delected only at high stress level (f=0.55); the fallure sets
in after 100—200 days. At somewhat lesser stress level (e.g., f=0.50), the fallure does
not set In even after 2000 days (about six years) and the creep proceeds with
a decelerating rate (y~10—11 sec—1),

The figure shows intrinsic curves (strain rate vrs. strain ia log scale). The turning
point of the intrinsic curves corresponds fo the maximum strain rate v, In the rupture
phase: It Is denoted as sfabilization limit S. Then the strain rate decreases continu-
ously. This suggests that the increase of the strain rate after its decrease does mot
mean Lhat the process should undoubtedly end in failure,

Conclusion. In a vaste domain between the creep (f=0.15) and rupture (f=0,50)
limits the creep process Is stabilized, although a temporary Increase of the strain
rite lakes place. This enables to increase considerably the design stress for shear
withoul causing anxlety that the soll may fail after a very long time.

3 Formulas and figure see pages 145—147.
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