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Mrnpbune, whjuk. qhwm. galjmoe FHNME SHLP-USHRULIU L

| Ik k Jhrwm: fmlu,bpﬁ Jenppuihle ungpp pubaphl mwpudfwd bplogfl b, spp Wjwwfaul
o gl ypmidabibpmod, wyl dwpnaogupbbpo duwgnwupuplhpnod dlafinfunfljmblibpl ph-
i\ labemedd b junpuguhy quligug b okl qupeofep phogfls bphpupwbalul Quangfwdphy b w-
UL qm;!hbﬂﬁ ghpuabple shupugpuljul phofugpbphg husfusfwd Swhgfuynal kb funppuogpl wagpf qu-
puid ﬁmqu wnfrusghips Zmpﬁw”dr Junppuypl ungpp hwwwpnd b hphwp pulghph fpu, bpp bpunbpls
Wil pllflned bl bl qmgwihe b wwupbbph  mbbh mwpphp  nbnpngpwlel pheffugpbp
L Zmpﬂmdllr Jenppughl wagpple b spunlwhoul swpbpf vwSaalp, habublplblisn  unngpp, piakbbpfe
wws wmupungnalp,  dhplwgmdbhpf  wogpp b phpmwgnifulibph  aogppe Nenwralyusls  furep pros gpels
e s soqpp hwmwpfaol b ljupt julghpl puy, bpp pulgh dwpldflip pungugud §odfuombe dognssup-
WM Bhpfeg: Dummalpuwls funppugpl ungppls spuoljoinel bl wubilplblun soqpp b S-whbpy soqpp: lwli-
e ghph plgSwlnegy feappegple sngpp Abufiafenfiadibbpp wwpudfwd mbuwl L, app wkgh [ addib-
ok ol vmeprpipe bplypross poassdo s by ass e wopuas ol s Belils proval s Uyuinky hwphph b wnwhdliwglhby filokipfbion wng-
wopp b .ﬂmhql'-bnmy!mh wnnpp unw,'mp#l{_nul' b popnp ldwh bplpwpwhwlwl fuongfudpbbpl wh-
b\ iy fhpuwdfple fuswocgfwdphibp

!m’fﬂb!‘!’ f"ﬂppl":[lb ”"'IPE iw!f’ﬂpb!’ mm‘f‘lw&t[lﬂ& brlhﬂtlp t' nFE :’ffmml{"llr
Lony Aol gpodimbhpnol, wgph Jm;nlmu;mpbﬁpnuf: Lubghpp tdwlh &lusfin-
i "x. I"“lpj"lifllbll!l pwa’mpfll{ mmppbp mbﬂm!{i’!‘p m!'f;bﬁ B’prwqﬂllbi be qulm-
wip gk miu[m?mt.:fﬁbp!: mmf!‘ Talzuschub— vwSnel byl Sniffun (Stil’ii. 1952
(M Miiller, 1955***), cambering—/jpmd ne bulging—wpmwippnud  (Holling-
vw worth et al., 1944), Hackenwerfen—jbpnwgnefulibpp dnnud  (Stini, 1952)
o\ fund outcrop curvature—dhphwgnulibpp  énnd  (Cotton, 1949). rpasura-
UI1 IHONHBIE CTPYKTYPB — gpuf funwgfin®e ljupnmgdwdphbp (Ilyabn, 1961) ke wyb:

Linighpfe wgu popnp dluspapumimdbbpl phaSwhnegp spumwnp Suurndd

oy pupifumd o fiSwll by, npp dwgrmepupibpnol wnwgwlhnol §oobdgiadpod honf 4b-
‘o wrhunbiprf, bk ppuwbp vwidwhwdialfwd b @lp Swpfacfgudps Lopnodibpf

* Lpwwpalinal 1566 . jwjwgwd dwpnwphl wopupbhbpl Thfuwhfilugfe Shpwggughlh  Swoaw-
wy sl podk unmﬁuh #ﬂlﬂhﬂﬁ.ﬂﬁb irﬁpf‘lw;mgpm& qlilpmegelp .Qﬁflmgﬂufl? Spumspuiplly £ nbgpb-
Ao efe wplusmflnddipod (G, Ter-Stepanian, Types of depth creep of slopes in rock mas-
<o« ses, Proceedings, Firsl Congress, International Soclety for Rock Mechanics, Lisbon 1966,
;8 2:157160). :
s 2002 M bphpmpwhmlpmb glmm@mbhbph fhomfoonong gbedbfowbiluf pudbl fupfps
% bpwlhwbmflyndip wh's [y 65—66:
e 4—0679
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bplypusyuspulpute pumflugpbppy b msupbbpk dusfuspuas gt 2

ayple dwgnuupupbbpnod qﬁpf{"l“"'d"?"“.?l"“‘-fﬁ' Jfamesl s
bbph b wybp Sbolwbpnd dFhugnppn b e r:. Jml.m.r;' frg b wwSphl
Unqep dlspmpameffguts wpusgmfPynip lupsd ; mm ..’ e
doplapqugdud ghdunpniflmitspg: Unpl Shusprfenifiriirt fle ghos bt dae
ol 61 pusgh duspalih sogt dwwmid, mep npdugeniflinde SR s g ol ple
rhtbmgiud 1k b wpgspum] th fpen fpmpralp wkal o i e rm"(
wppunnfrly sfipnignodp. wwfpus gl wiyy qfufmqlnmpjmh Jﬂ[:flfflqwﬂ'nxr rr pup
ungph wnrwgugdwlh Swidwp ( Shp-Uwmbshulyuls, 18635 ): A .
duynmumpbbpnaul ungph Alecursfrnfpueiff gt biph plflwbined bk ;_;mf;ulqw q
puiliguig, gpu Sbhinkubpy b unqpp pufugpp Yifwls wupuplehprol s e
wiln g fl:
r '!5":;,' ;ﬁpm(flnframﬂ;wb wbuulp Gupud b wrngua el pfo o borproag froelyasde
cwwlpmefljmibbphy b 2bpnfr whymgfpph nt le;b{'b”lhuf' pﬁpnlﬁ.f'"h s fus s
pupbpnflndifig: Lhpuwmnefljundp wnwhdbwbnul bh ijnwu{mphh;muf putiphpfy

 ffurgl putigf N
$lin o Uy fpupufwd £ "
pufunuip quligh Juspdlnd ksl vy 3 g ysas fur fr Jﬁam,ﬂjmb’tg.

;"PWJJ“"h‘ mbl!mnbfrff pwpnul.

'_Q

unnph dhwinfuncflindisbpf Shukpuy bpbp gifuuinp whuwhbhpp  Swpflagl,

ufmmm#m!l L f'b q{wbﬂlpz

LLLR2LPD ZLPFUSPL RNPLTEPY UNLLL

Swpfughl punppugple vnqpp whap b ncibbaul bplpop qubighpnud’, bpp 2hp-

whbpp lhwd wpdwnwluwh wgwpbhpp b SagdwSopdub shacfup bymefhpf dhele
v Sl wlil pilibeul | pubghl qooguSho bowopupbbph mbehls nhopryfoaljuwd wap.

php Sunnlpnofl pndielobp:

hpf’mp qulighpuud phpinkpf Swummiflymbp vmifnpupwp wrh Swdbhdwwm hopp
& puligh pupdpmflimbfg. weg ol wpweoSwnnd Qpupbgf §owlskoby pbpahph

dbpgunfnprflymiiiehph wyghgodfjmp pupnolibpl pupfudwle ofpur (wpoemhs
jougnud whfbpe qwlhph dwufpl ):

Udwh pulbghpnul prpnp mopquwdfrgbbpp Jwpnyg B wghlpfuwm Swdwpefby.
win qhuypnul Jbpmbph vngpl dlwsfinfund s plingfp hwpofwd hyplif of foogh
dulpbplingyfle Sbnunpoflindipy b gfondng ghpumfs ahogngloluds Sualpnfd o
bhphy:

Zmpp fnnppm:ﬁh umulflf: bir lqu:mf{wbnuf g b i'b:;ﬁhwf;b&pﬁ f!nqlfflg-'

Wpwpwgpwd Shaliguy bplhng@ubpp® vupbph vwSaalp,  hebeblpfbinn vagpp,
prelfibpl wmpmungmalp, dhplhwgnolibph sogpp b phpuwggoifulehpl  wngpps
Uwmnpl wpned b ppuwhy Slpmpuwgpoefl podip:

) i “l.ull‘.r'll wwhowd: Lubghpp wiu mfgp Qoo fanfl pncip wbyfe b ool
phpumuenfnp lpwd h‘.ﬁqpm:{np wupmphibpnad, bpp qwhep hogifhnpnydwd | pbpuu-

fedpl Swpfofindibbpple youguShn, b bpp Swilwdngy A vuyp flp B Sjulphy
pudwlnfnd b SagdwSwpwd woapwplbpl ol wy Frogugdmd bppffhph C po- .

uly ghpinmy] (Gly. 1%): Unqpp &hwspinfuncfl jndiibpp hwmwpfocd bl wgu phponf.
gpuwhp hupng by wowguwlhimy oupgudfig wmblppnlifly pupdpusgnedu, npp bupu-
nnul b putigh Bbpnflpul wamplomboulyul Jhdwgduwhp, huwd SogdwSwpnalng,

* Vhwplbpp wmh's Ly 67 —68,

t.t
g,
{

!"l
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are swhghgeod |oawgf mady phlad 2bpmp wwlphl qhdwgpnfliwi s fria -
sl infugdwliyp (Tepuarn, 1958): dbpnipypuy phpf feappugfle  ungpjy
s fl gl mwmwlinlibpp Japny b wnugudiog wyrhgnd bumpfl durlpmpgud
TS ﬁmfmjumﬂlmfabbp[:g, sl dnunpp gl wlibhpl i fud wh Shimliliprf
ihaed by sk s posdidibppy fpusd wpurg dbSwpbbpl spwmtwnn, [uwd ghwnligph-
W biph s gl el o thusfifunif pnihfig (wligh wimnpfl duwunl
' Yonfligufs wurfnudp awhgl | omilibled prugdwflifd bbbt bplyplekpod :
12n fhpyﬁb Swquipund julpfy plafusg pred wid bluplyp 20 fungnp unguwiop L anbgl nidik-
: ik C:ﬂ.!gmpﬁm!nuf nvuphpy  (hnb Swpwfw gl pubgnol (Kopp, 1936):
Vg ;-u!u'rf; by pbsiriead dhpghyf 2hpunsf wunlhy b bppnpruljuh bwghpfyne fpees -
My (Y i fpua ey b pronef lnlgpudbpunbibp ) Uyn (wbigh dfpuw wapbph ezt u v fris s~
S H gy s g gy g uw’»‘pl: rpaetis un lpus i opﬁbml’p bwfunqug gn’qwm.j: tfrien
WNEB06 B, byl ek gud fungnpugnegl unguipht (Heim, 1932; Tepuaru, 1958):
oy dngph rifumgpp wluiby my willyfs nepy, puwh unquiiphy 20 urwpfr wnwy b nudhi-
ST T Lp Jurliy] mmphihppi' 1799, 1804 L 1805 (Zay. 1807) «

2 'Inﬁulrl][]l;ﬁu:“ unnf’: [wbgbp[: dlewsspnfuncf il wyu dlipp inhyf b mitibhinol
wosceale phpn gl np wupuphbpnal, bpp jubipp fngdlnpnyws | 2bpurnwpuidpl Swp-
Win imﬂjmhp gmgmthn, pugy by s puss o s fp st fjurnnegfusd ph kg bhplyu g -
aneaed |} hngin b tfrusfronl) wrupuplchpfr 45ﬂﬂmqwlmp_fmb (L. 2): ¢m¢fnul;
o\ Mbpun b g qupgulingl | funppu il ungp, fuly fngan 2hpinkpp urhipui s pdif nol
o Al mnwlg Alsussfen punnifi pustss Unqpp wyu bfs Shinhwlpnd AB nupudfriy  ghdp
oM bhpumdifmad | AC pupy ydf, npp hugdfmd | S-wilphpisy dwubphy spussfocdy obip-
Seabpnul L nuyqudfin 4wmqf¢u&ﬁbpflg' hngun 2hpubpned: u;:; ébml{m}umﬂirubbbpft
uld fbfuu.r!t[upfp gnyg b mpifwd Sl mphy wpfummnfl juh dhy (S.Gp—”mbnfrmlr;wh,
WUN'965 ), Pmbf; mp hpnkpf qpofynihip g nhupnd Jhnul | whifinshnfu, i
L J.bmgﬁulnm.ﬂ;m.birﬁpf hpwpng b puguwlupmfhy  Swmndy Qwitfrmed b,
SNl ghwdwlh Snpbprot (Tep-Crenansu, 1965). bnppuyfic unqpp spngpy
sl wunlbiss g hosgh oy Yussmfmid £ by by S50
s\ bplpus g pif uwfpliiy fedwgpnefl juh el dophyfiggdwi walyus gnefl jusd g,
DD -5 wwl g wl upnin by frusy dwlhplericy @ f nhppl

3. Fnllibeh wurwunnnd; Lwbighpp &lewsspn funefd ks wyu  wmbuwlyp whyf
A AT war g e qfqubpm.d', bpp zﬁpmw{ulfpﬁ Php 4mpﬂm_ﬂ3wfr of pos plilmd L
W e ud frg Bhgphpf Jﬁrugm{ pinlihpf purdwlinfwd lngin vup wmnpugpfud
o Sl S & wupmplihpfy lpwd w gy upwumply Giynefhpfy: QwBwfy wyn Shy-
S vbpp hmgdaul b el pod gulig: ”mnp.bif A pinliihpf 2updmdp wlpudnul
N g e pufuwbima | wilbh wpmg, pwk Jhppi B, C pLnlubpplip (. 3): Ugg
Voleady s Swnm) pralfihpp mwpuungnal b wpuswinfly 1) pbpunf duwlpbiplnegfng
sl punliihpl gk wnwgumlinul | nupquinds E whgnulihpp uhuwmhdp: Ul wh
woungph opfiinly | Suwnw ol bnumuq[t, Unyhife iFrin qurlifny lmpﬁpfrbﬂnup: Uiyu-
Avenky ofbpfie oG gl hpwpuphph pialihpn wwlnul bi 2hpunw fud pfy dulpliph-
aofacgfng. whilpd wlh wiltlyymilip Sunfmupwp F 10°% Pim'fbbp[: i frofris (gl pmiep
wasdjwgdnul | 6—8 dhinp, gpudig dfigl whgnidibpf pu bl i p il aud |
~\3—5 wwhinfpid bunpfr® pwligh fbpph dwuaal dhlgh 12 dhumnph umnphle dwuncd:

* wlinbubilpfblns, wwublpfbliny L w il blpsf blian whpd pllibhpp Fingply F upnd. B, V. Yw-
oy b bl gt bl flikp % munulbwufipbfe  (CaBapenckuii, 1939) «
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: Guwpu
swlibp Whwpwepby b YU

Ul Jhw*f’nhmplmlri:bp” df pulifr opplwl ubp» (rock cities): ,;{

by whywiby b cdunk pHTHE : ;
(Sharpe, 1938), mpp ar=hs ™ 4 P Mw,{,,,f‘,,“p,...uhﬁp,‘- wyu wbuwly -‘;t

4. UbrljmgnuiGbrh unnfp: lwbgbp . it B
e it e o v
wan wry ean fp s §
lin Jnmbpgnul, PYTTLIY 1 J A winnpughp w0 [
s : £ qubght, b shpumwggnifulibpr qunligfmad B gl $rogu bl S8
u b funbmx{mﬂ;wh bnus-
glned £ SnppefwSmpdwh i

nlimwlpnp grupushn
ibpwlﬁ:‘:ﬁ:jbﬁ;[l (uwnned b Swppnud) .Qw!f:bl’::ﬂ::u
r'm&tﬂbﬁt”f"h:f;;;ﬁ::ppﬁ :::’:tii:l;f‘f;nﬁi: L Zbﬂmm?[ﬂtfﬂbbpfl dndwhp .
w 2 ; 1 3
l'{":;-(‘.:en:uﬂu. 1964) ¢ Uyu bplnyPp m2 gl Spablmlet "‘"“;f' ;f:f:bjl' of
£ nbagnghl wnoulny, wple pusppu i wd phlnpubph 'l“_‘f'l'"i‘”ﬁ' whiuupeniep
Shpumughny fbpnSh2ym bt lyun gl .;:mﬁn{umpjmbbbrf-b wgmlgni jq- :
qhgnefl jul wpnyniliph L ., Nhklyp (ITenxk, 1961) wyn "Fb."'-.l’pi' puagurnpit 3 }
npuly Smifp fpu qupdifny qmbq{wdbbpf: Jb[nmbf:lfm!‘mil: hbpqn;n’m{f;mn’p;
Vs Sbunlewslipn] wnuwguibnul § Jhpljuywd gbpunbph qurifulibpf danud (Collon,
1949) «
5. Ghrmwgumjuibrh unnfp: Lutighph &leasifimfuncfl push wigu dfr  bplpua-
ptialuts wujdutisbpp Yupnprby wwppbedn! Ll wagh wnnulmf, np guisss S0
|U:J luf:.fp.rmb zﬁpmb'n’: qdumlfmubpr_! duwdlyng qﬁ“nllb‘“ﬂ[ ’fﬂlmmfj‘m':hflﬁf’ t:';;
Suwmnflyndip ghpwgulgnul /3 ,bpd'mumfm'wbﬁ. funlsanifnfljuekt le gpfe Praqrargpte S
sl byl lpo ghb sprsprofurefynidiibipf d punpmf pulip (bl 5)r Ugu ghuy- H
poud fbpht pofup A pbpuracd wmhah b bl Surploaghls Junppuigpl ungpe S
ungph T wpmgnif oy Swubnul | wnwifbpugarh Uy wmnnpunfip wapmplb-
ple Sk BC nlunwlpmnud (Sﬁp-"m!uﬁmlr;mb, 1965 ): Whyu wuragpuas e b preveal fanp-
pusghl vanph wpmgnefl pndip Uifgned L dfy putlifs f‘mpqmz (TC])*CT(‘II{IIHI]], '
1964): Pwbf np SnndwSwpfwd li z':nq:fm&'wpa{mé muqmph!-pf; dfigh DE wws- 8
dwlip Srmunpubu qrequihn § FG fbpmflguhp, ungpp fpoad b Swpfogfle
pitm.',p: Eﬁmlﬁufumpln;bb fpblifrg hhpi‘}mjmgbnuf b oungp n.bu,nq!:f; wnnudnfs
o Sl bl ple £ qwftquwhmJ Sundlprfurd szmbpfr t”ﬂ'l!uh’llﬂ!l’ dnndp®: f:.ﬁp-_ AL
wwmgpnifulihplh dndwh apng oppwlshp phpnul § U. Qpuybpp (Singer, 1932) :

L]

LUL2LPE ASSULDL kNPLUSPL UNLLE

Nemuslyunls funppurgfis vngpp byl b nciblinud hurpis pulighpnul, bpp purligp v
hurgisfwd £ Swndwulin durpnuupuplihipfy: Ungpp goumoe o sy mpngenud 136
qupnulihpf i el vale u;m}JwixiaL;mxlr uiq A gownfih wmmguwbnul [ onpng Jun= -
poeflymd g, dnmwfnpuigbo qurhigl Sumulpned, npuhiy A pht dnpfyfiogug=-
Jwd gpdwgpmfut 10 gupdwlfigp ghpuguigeul | wu S whungfile L@y dhe's
dnefl plip (llbqubp, bl 6): |

Unyph &lusspo furcflpncdililipfo wpurguifl ol Sl bl wouslpurte 1, 1gh—lg Bd.ﬂ
wnfbygodfili: Unnph dhwssfn funiflypniliiehpp ulpypliy I;Mmrpn]‘iwbnuf bir gu qn-'-

]
* Uyunky shopd b wpwd wwpphpadhy phpmwgpofolidipf dnmd p (Hackenwerfen),  fufus
fuwd ungppe wpsnuswpedwl spwdublibphg, spolp apugrod b oqhgeolfonp dudlpgflfe Sasmns s
Piudp: Ghpuwgpadubbpl dnnulp Jhlip wnnpupud wlhnol Lhp dhplpwgnulihpfe wngpfe b -‘pb;-urﬂl-;'-'.

quapelibph unqph: |
. .



LIL26Ph WAPPUSHEL UNALE SEUUNLLPE JUSHLALALEPART 53

vl L wunegen bl mnwywghnud vwlbgdwlh BB  wowblbgfuyg dwlbpbngfh
Wl gl pmf, nplt C hbumpnife ynipgpe Qupgugng vagmdinffjuwh Sbinlwlipnyf
Sthof b omciblimd pupmdihph fbpupuypunct b dudwiwlly phfugpood wyprghi-
\le dhy Ubpgpufmd wihnbwdle D gumpl (Suum ghé, bly. 6):

Werr s lpeasTe funp e g oy ungppl b fbpmpbpnud qwlbghph  &lowdfinfuncf puh
inplioe bl aas i lilyof T are wngp I S—m#bpu{ unqps
: 1. Vublpbbwm uanfp (4h. 6) wmhgp b mbbind wih dwpnuwywpbbpnad, -

Wnnkp phpnunpifwmd 3 b gfxm:ﬁn[umﬂjntﬁﬁb‘nﬁ npnynudp pdimpwlinud E gni-
. Ny phpambp pugulpu gyl wpunntonnds Npny ghypbpnd ungph wpu mh-
Vswlyy fwpng Fonpngifby wwfbgd b Surgbypobph pinpSpef, npnip wnwgmbnud
Vi wnyph bpljpglipny Phifindpunnp Jwobifiliihpl hngdinpnydwh Sbunleash pnaf
Vwvrad Yl wyy Tpwlilhpnf:

2. 5—u.||.||jr'u.| um'lfn bufunpy mbowlpyg mwppbpdnad [ bpubind, np dwpnw-
(-u\‘-'-,l'm;lflﬁpﬂ fthn'!m.fwgcjmé bt quSmfhd willpd wh zﬁpmﬁpn{, npnbp ndiblh Jfih-
Sonngl fwpaf Jwdnigflmfljwl gopdwlgp Thénifimids Pwpung ungpl $amb-

Swlwlipnd phpmbpf df dwup, op mhypugpfwd b ilbpaShapug D grnnne vwdd wh-
wohpad, wumpbwhwpwp dnfod b gunboud S-whbpy (b, 7 )

Opp 2bpwbpp Swulinul b bplhph dwlhbphngfht, ppuby Snnd whwpfwd
Sul\fuwdmubpned Swhpbe b ogughe wl Shphogndibph ungp hwd phpmwgpnfu-
Andbppl ungpr Udwh nhupbpnud lhwpng b gpudby ungpp bplpne wbuwlbbph goo-
wWwealigmeds Dpuhi opplowly hupny b dunuphy wiupululh Saffunkbphg Jbl“h um-
ylwewlpn (TanoGp, 1960):

LLu2b/h CVRZULARE WNPLUSPL UNILD

Kinfulin funppughl ungpp bhplhujpughnad § jwhghph  dlasfinfunc jul
Sywa gl wmpumdimd whuwly, nph wpmwSupnfnul E wle qhypbpnul, bhpp jwhsh
woTwpdife hphpwpwbwlwh junngfuwdpp muppbpdnul E fbpnSppuy wwpyg nb-
Nwvwhbphy, Fagnfind bk riqfwhmp funppugfl ungph gunn wwpumbowl-
WA bp, npabp ghnhy whpufwpup bh wwpphpulyfud: [J'mpml bt Rbpmncflpud p
wownwbdimghy ungpp Shinlguy bphne whuwlbhpp® fhoblpbim L Godwbi-
v g finb

1. Phublj]bfim uanfp why b qobindd, bpp fbp wbqunppp mbbgny A
N pnd b biun 2hpmbpp &lhwfinfuno b wmnpunfp, ny  hndubwbiio B php-
ahbph uwngpf Shnlalipny (4l 8 ): Pupncly winnpungfp bhpubpl ungpf Sbunliul-
Vonf byl | ombbbool gfidwgpdwl Fogugneul b ungpp mumpmdifnd b dwdlnyg
s wupplbpl o pure Ungodon @ gub mupmpmdip Swmnul E phpmwfudph
wlwpfocfd pmidipe Uggughufe &b b fogd mbhp Ywhwgup Uyphpnm bwlwhgnol,
S Lokl dnwf Shpuy wwpf 1903 @ofwlpwhfy funynpugnegh unuiipp, vip wpug
waswoaddwle dhy bp bhpgpudby dnm 30 Sfypnk funpwhwpg dhnp wopups Gwdlpng
v ypupmphpp funppugple ungpp shnynol puduifby B Swpbpp wpumbidng, npaip
o panpwuhy bl wwpfe Swlpwnwly puigp (Tepuaru, 1958; McConnel and Brock,
021904)

lmﬁzﬁp[r Ypw hwpng ki plundly wngodimfd puf hpmgdadp  mbuwhbhpp,
o oplip npnpifnol bl quligh hplpopwbwlwh hunogdwdpnds Upgufop hugde-
\ \\'!!l whuwlibphy wnwgwhnal F dhlp, bpp sbpmbph phlfnul bl juhgh wilelpd il




6. SpP-USbeULIRY l !

hangdp, pbpuudapdwh SwpParftymbip Snppanif Sh wilbih frer :’J:Jmt s
lwgdnul, puk pubigh Jm&iphm_gﬁp I umﬂpﬁn 2";’"""1'"5 df ‘-mb!mp :; ""-“1
baud kb ny Gndybnblin: lubgh Jupdhp wimnp np-lynd upbumblar gy
whpf bplughpm] wbgf by mbbhmal friublpfiln cnte wyl dudfurliunly byt
s Jbppl Twond wnmgulinol § foblfble uriert Upyymeher ""bmj e
ebpp upunbdf wnwgwgnulp, npabp Sunmd bl 251"‘"":‘"""&'[' Jbppl Jwuaues B
9. llnlfu.lbﬁumgllnfn 'm'lfl‘ m,‘m!m}muf{ {np[aquhwf;wh :bpmm{npnnd‘ mhl..;_ s
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Oplypp Twhbplbnyfh dnin, qustighpfe o pu wapuplhph Jpusdd gpuimbbiph vas l
grichncflpwl Shalusbpni] wamgugnyg bply prosa prosale s st wpndlpnacpuihpp Lp-
phidts fbpugpdnud by gqpadfiunwg ol wn iyl bpfi (rpaBHTALHONNBE
cTpyKTyphi; Iyasi, 1961) ; gpubp Swfpuegpofnidd bl uhlpmnlifrly wun prosclp nepos -
bhpplie Pultfy np qpupunwghwl  whingiofu Iyb o] dusulipgned | bpl".’d )
fpw fuwmwpfag prgop wpnghubibpfl, aqpruif g ol whpd flap Spqpfin 2&’ ‘l
Bnwgwplfnul £ popop Wil uh winpnilpmnepubihpp, npalp wnmgmbnul bl dulph-
plngg Pl dawn, winfuilihy phfwdhb winpnilpmacpulibp, nqpurfemsf plgydbpm] wpy ‘
wmpnilpnopuibph wnwgwgdwl dSfl wpurnSuap® Julbplnegfif Phpncfl prchip .

qunf Susulpulrurgne Swidwp fuplph § Susdl biof uran b
youdp, npobp Swpnlf bb gpaconbibpp o bfuwtiflpu g

* Wluk fuwgdmffe unnph oppbulp guigupbpfwd Lp U, Uil nuwgf hogdpy pUrlrus sl wle 1
dby fynbgphuncd (Novosad, 1967). .




THIbL TAYBMHHOA [10/13YYECTH CKJIOHOB
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TUNDbI NNIYBUHHOM TMOJI3YYECTH CKJIOHOB
B CKAJIBHBIX MOPOJAX*

Npodeccop, noxrop rexn. nayk I'. . TEP-CTEIIAHA H**

Pegepar. FayGuunan NoOJ3yMecTs CKIOHOB rpeicTaBiseTr coboil WHPOKO pacnpo-
wliiaparennoe ynienne, Kotopoe 06HapYyAHBAETCA HI¢ TOJLKO B IPYHTAX, HO H B CKaAbHEL L
A0poaax. Jledopuaiis ckaAbix NOPOA NPOTEKAOT YpesBuYaiHO MELTCHHO i HMEIOT BeKo-
LA i xapaktep, B 3aBHCHMOCTH 0T TenJorHYeCKOro CTPOEINS M PECAOTHYCCKHX XapaKTepit-

1 AHNK naacton NOPOI pasmiuaioTes PasANyHBE TANL FayGuumnof noasyyecry. Inockocruasn
HHOZYGHINan NOAIVNECTL NPOMCXOAHT Ha AHHHWX CKAOHAX, KOrja NacTWl najaior napad-
HATKILNGD  CcKAORY M NOPOdl HMEIOT DasIHYHBIe pPeo;orHdYecKHe xapakrepucrikn. K nioe-
SHTDCTHOR  rayGHINoil ToAsYHecTH OTHOCATCH CHOJ3AHNE DAHT, KOHCeKBeHTHas noaAsyyectw,
visienoasanie GAOKOR, Noasyiecth O6HaKENni H N0AsYYecTh FOM0E 13CTOB, Bpamareasnas
NOLYBHIRAA TOASYUCCTL NPOLCXOART HAa KOPGTKHX CRTIOHAX, KOTJa TEJI0 CKJIOHOB COCTOMT M.
HEiHopoasLx ckaasuEx mopod. K spamateisnofl rayGHHHOR N0ASVMECTH OTHOCATCH acek
CITIEHTHAR . noJdsyiecTh H S-ofpasuwas noasviects. OGuwan ray6uunas Noa3y4ecTb cKAOHOB
PHRIBAAETCA pacupocT paHeHHBIM THIOM AeiopMallii, HMEIOeil MecTo B PasHbiX reoaoruyeckiy
Woraossnx. 3iec, Moryt OuTh BLAeNels HHCEKBEHTHaA MNOJ3Yy4ecTb 1 KOMIEHCAUHOHHAN
doaasyuecth. Tlpepaaraetes pee TakHe reodorHYeckiie CIPVKTYPHL HA3LBATL KJAMHOTeHHBIMI

(H{GPYKTYpPAMM.

1 [ayGunnas noasyyecTs CKJIOHOB NpejacTanaser coboil WHPOKO pacnpo-
L rpanentoe spaende, o6HapV/KHBAKOUIeeCs He TOJAbKO B TPYHT4X, HO H B
LK AalbHBIX nopojgax. Muorie pasauunbie THNB TaKoi jeOpMalHH CKIOHOB
WIalE yIKe OnHcaHbl Moj pasubiMu rauMenosanusimu: Talzuschub—cnonsa-
oue s poanny  (Stini, 1952, Miiller. 1955%*%), cambering—suiruGanue
whulging—sunyunsanne (Hollingworth et al., 1944), Hackenwerfen—aa-
- 0406 roaos naacros (Stini, 1952) wau outcrop curvature—uaru6 oGuaxke-
mn (Cotton, 1949), rpasurannonnsie crpykrypsl (Ilyabu, 1961) u ap.
' OO6utelt npuunnoii Beex 3THX THHOB Je(OPMalHil CKIOHOB SBASIETCH
00060e  nanpsKenHoe  COCTOfIIHE, KOTOPOE BO3HHKAeT B  CKaJbHBIX
OGEOPOAX BCJEJACTBHE HX COOCTBEHHOTO Beca, eclii OHH OrpaHHYeHbl HaAKJIOH-
fiol nosepxnoctbio. Pacnpenenenne jlanpsikennii B TeJde CKJIOHA HepaBHO-
1gcepno. OHo 34BHCHT He TOJBLKO OT FeOMETPHYECKHX XaPaKTEPHCTHK CKJIOHA
e dnavennii 00LEMHOro Beca NOPOJA, HO M OT PACHPEEJEHHS OCTATOYHLIX
JHIANPSAKENHIT B CKaJbHBIX TIOPOAAX BCACACTBHE MEPEeKOHCOANAAIIHH, BhIChIXA-
IIHS, TEKTOHHMECKHX HANPS:KEeHHH M T. .
Ckopocth aeopMaliy NoJA3yuecTH 3aBHCHT OT BPeMeHH H 3HAYeHHHA
10COOHIN30BANHOTO conpoTuBaenust casury. Jledopmainu noasyyects nposs-
OHAI0TES B TOM HaCTH TeJa CKAOHA, Ijle CONPOTHRICHHE CABHTY He I0JiHOCThIO

* Jokaan, npeicranaesusii [epsomy Konrnecey MekayHapoanoro o6uiecTsa Mexanukis
ILEAALILX nopod, coctonswemyes o 1966 r. o JlnccaGone. Joxkaag 6wba onyGanKoBan B
Jigaynax konrpecca (G. Ter-Stepanian. Types of depth creep of slopes In rock masses
9o¢ oceedings, First Congress, International Soclety for Rock Mechanics, Lisbon 1966,
L 157---160).

4 ** 3aw. oraenom reosmexannkn Hucrnryta reodornueckix wayk AH Apa. CCP.
fesoewE Jlureparypy oM. ma erp. 65—66.
g
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pornaenie MOOHANIOBALO g
(Tep-Crenanst, 1961).
ecTHl NPOTERAIOT upesnbivafi-
nupﬂ.mx HOCHT

& HE MeTh
MOGILTH3OBAHO M, TaKHM 00pasoM. e Momer M

niacTHYecKoe OOpYIUeHHE: oanako 310 Con
0CTATOMHON Mepe Aad co3aanns NoA3yHecTH

B ckaJbHBIX MOpOAAX aedopvannu noJasyH S
HO MelJeHHO H nosToMY nppouecc noa3vHecTH B TAKHX
BEKOBOil XapakTep.

p G4IX  cBollcia
Tun aedopyannn noasyqecTH 3aBUCHT OT peoaol HuecKi o1

il acTa W HAKAOHO!
[IOPOA i COOTHOLIGHHS MEHLY saeMenTaMi 3aaeram 1 u‘r“l md‘mphlauu:i
foBepXHOCTH. JIerko BBLIEASIOTCA Tpi rAapuble rPymIL THIC -asbar e
0A3VUECTH B CKAIbHBIX MOPOAAN: LI0CKCCTHAS, BPAWATeTbIE .

[JIOCKOCTHASL T/IYBHHHAS NOJI3VUECTD CKJI0HOB
[l10cKOCTHAS TAYGHHHAS TMOJ3YYECTD QPONCXOANT A ATHUHBIY CHIOS
fax, Korja miaacTbl A rpanuua Mew1y KOpeHHBIMI TOPOLAMH H PhIXABLIM ._:
NTPOAYKTaMH BHBETPHBANMS NALI0T napajaensuo CKaony noposl 061
7al0T PasIHYHBIME peoJIOrHIeCKHMH XapaKTepHCTHRAMIL. y
B AMHHHBIX CKAOHAX TOMUIMHA MMACTOB OGHLINHO HECPABHENHO MENLIUIEES
BBICOTHl CKJIOHA; TIOSTOMY MOKHO npenedpeib BAHSIIEEM KOHIOB I1acTOR na
pacnpejenenye wanpsiKenuit (MpeacTanIenie o GEcKOHEeMHOM CKJIOoHE). .
B TakuX CKIOHAX Bce BEPTHKAIM MOTYT paccMaTpHBATLCA Kak aae
paTHble; TOTAa Xapakrep aedopManuy [oA3ydecTH naacron Oyaer saBuce
TOBKO OT PACCTOSIHHSI OT MOBEPXHOCTH H PeoaOrHYeCKIX cBoiicTs  pacs -
cMaTpHBaeMoro mniacra. )
K nsockocTHO# TayGHRHOI NOA3YuecTH OTHOCHTCS CAe/YIOUHE mmeum_lt 1
omucaHuble PasibiMH aBTOPAMH: CnoJ3alue MUIMT, KOHCEKBEHTHAs MOJ3Yss
yecTh, pacnoasanne GJOKOB, MOJAIYHECTh ofGunaKenuii 1 noasyuecth roJoBH
naactoB. Mx onucanne AaeTCH HHIKE. i
1. Cnoasaxue nautr. ToT THN AepopMaiiy CKJOHOB  TPOMCXOANT B
CAONCTBIX WM TPEULHHOBATHIX MOPOjAX, KOPAd CKJIOH  OpHEHTHPOBAIY
NapasIeablO IJOCKOCTAM HAMIACTOBANI CJAONCTBIX FOPHBIX NOPOL M KOT /L
MOHOANTHAS nanTa A oraeasiercs OT HAKAOHNOTO ocrosanisi B TOHKHMY
croem C BBIBETpesBIX TNOPOA HAH JPYyroro ocaalaenioro  MatepHatd
(puc. 1*). Jleopmaiun NOJ3yuecTH NPOHCXOLAT B 9TOM CJ0e; Ol
MOryT OBITH BbI3BAHbI BEPTHKAIBHBIN TeKTONHYECKHM MOANATHEM, KOTOP
peieT K MOCTENEeHHOMY YBEIHUEHHIO HAKIOHA CKJAOHA, HIH BLIBETPHBALHEM
KOTOpoe BeieT K NOCTeNneHHOMY YMEHbLUICHHIo CONPOTHBJACHHA  CABHTY
noacTiaouen nanty caoe (Tepunars, 1958). Koanebanusi ¢KOpOCTI ray o
1Ol TIOA3YYECTH YHOMSIHYTOTO CJ0si MOTYT ObITL DBBLI3BAHL  H3MEHEHTSIMIL
NbE30METPHUECKOrO YPOBHS BCICACTBHE H3MEHEHHS YCAOBHIT TOCTYI/ICHHE
BOJBL TIPH CHABHBIX JHBHAX WM OLICTPOM CHETOTASIHHH, /M yCJIOBHIT BLIXOJEA
rPYHTOBBIX BOJ 13 HIDKNell YacTH CKJIoHA. :
Crosaanie TIMH TPOHCXOANT BO MHOTHX rOpHBIX cTpanaX. B Tesenmi
OCJAEHEro THICAUETeTHsSI POH3OULIO 10 Kpaiineil mepe 20 kpynupix ottaic

* Pucynkn oM. na crp. 67—69. i



TUMBI IIYBMHHOM MOJ3YYECTH CKJIOHOB 5T

Meil wa omuom ckaone ropu PoccGepr B Ieedinapun (Kopp, 1936). Bo
AUZEX STHX cAYYasX 10 NAACTY Mepreid chnoJj3ald TPETHYHEIE IVIHHBI Haredb-
UIRIKG (KOHPAOMEPaTH ¢ H3BECTKOBHCTHIMH CBA3AMH). Kaaccuueckuil npusep

JOCTEMeHHO YCKOPAIOUIErocsd CHoA3aHHA IWIHT HA STOM CKIOHE NpelllecTBo-

4 1iaa kpynnedmenmy onoasanuio y Foapiay B 1806 r. (Heim, 1932; Tepuaru,
(#C058) . ITponece noJasydecTd Havaacs He MO3JHEE, HEM 34 20 seT A0 ONOJA3HA,
097 yeuausadcs Bo Baaxkuble roabi—1799, 1804 u 1805 (Zay, 1807).
< 2. Koncexeenrnas® noasydects. IToT THN AepopMalHH CKJIOHOB Npo-
O/°CXOAWT . TAKAKE B CJOMCTHIX NMOPOJAdX, KOrja CKJIOH OPHEHTHpOBaH mapads-
LULSeBIO MIOCKOCTH HATNJACTOBAHASA, HO reoJorHyeckoe CTPOEHHE MpeaCcTaB.as-
T cofoil YepejosaHHe MKECTKHX M MATKHX MOPOA (puc. 2). B MArkux
HOIMORX pasBHBaeTcs rAyOHAHAS TOJA3YYeCTh, TOrAa KdK ZKeCTKHe CJIOH mepe-
Jugtemajores Ges aedopmanuu. B pesyibTaTe 3TOr0 THNA NOJ3YYeCTH BEPTH-
Jntansuan auuna AB npeppamaercss B caoxuyio aunuio AC, cocTosulyio H3
10-6S-06pa3nblXx yHacTKOB B MATKHX CAOAX H BEPTHKAJILHLIX OTPE3KOB—B JKeCT-
71inx. Mexauusm sTHx aedopmauuii GbLT moKasan B JApPyroi paGote (Tep-
d9rorenansn, 1961). Tax Kak 3JeMeHTHl NMOJGXKEHHS NJIacTOB NpH 3TOM OcTa-
CUTOTCH HeH3MeHnbiMH, 9TH Jie(popMaldy MOryT OBITh BBIAABJEHBI ClELHATbHbI-
| JAKH H3MepeHHAMH, HAnpHMep B HaOJlofaTe/bHBIX KOJoAuax (Tep-Crenanss,
G0P 965). IMepexox or (ha3pl TrJAyGHHHOH MOJI3YYecTH B KaTacTPOphHYECKYIO
‘eithasy onossanusi 06GHIYHO COBEPINAETCS BJOJAbL OAHOrO H3 MATKHX I1aCTOB,
HOIPH MOJHOH MOGHJIH3AlIMH CONPOTHBJIEHHSA CABHTY; DD ectb noJoxeHHe
JTOI0TEHIHAIBHOA NOBEPXHOCTH CKOJIbXKEHHS.
3. Pacnoaszanue 610k08. dtor ThN JepopManyH CKIOHOB MPOHCXOAHT
1 caydasix, KOTda JKecTKasi TUIMTA, Je/Kaulasi Ha HAKJIOHHOH TIOCKOCTH
115 1ANJaCTOBANMST W PA3bHTasi BEPTHKAJLHBIMH TPEUMHAMH Ha OJIOKH, NOA-
M1 THJIAeTCs! BLIBeTPEJIbIMH TIOPOJAMH HJH JIPYrHM MIACTHYHBIM MaTepHa/IoM.
9nlHacto 9TH Tpeuuis 06pasyloT OPTOrOHAJbHYIO CeTKy. JIBHIKeHHe HMIKHUX
oroKkoB A nauniiaeTcs panee W NMPOMCXOAMT GLICTpee, YeM BePXHHX 6J10K0B
) £B, C (puc. 3). IMTosromy 6JOKH pacnoJi3aioTcs Mo MOBEPXHOCTH MJIACTHYHOTO
or.cx0s D u o6GpasyeTcst OpTOroHanbHasi cCHCTeMa Npoxojos £ mexay 6/10K4-
kM. [IpuMepoM TaKoi N0J3yYecTd sABJISETCS Jla6upunt B Xocre, y Couw, Ha
19} Hepuomopekom noGepexkbe Kapkasa. 3/ech GJ0KH BepXHEMEJOBBIX H3BECT-
ARIIAKOB PACHOJA3AIOTCS MO MOBEPXHOCTH HATIACTOBAHHA; YTO/ NajeHusl paBeH
0110°. Cpepusist minpuna 6J0KoB coctansier 6—8 M; IHPHHA MPOXO0B MEX-
/1y Gjokami KoJeGJeTcs Mexay 3—S5 ¢ B BepXiel YacTH CKJIOHA H 121 B
cinaAcaedi vactn. Hekotopble npuMepst nojI06HBIX gedopManui GblIH onHcanbl
[/ Ilapnom (Sharpe, 1938), xoTopbiii Ha3Bad MHX €CKaJbHLIMH TOPOAaMH»
01 (rock cities).
4. IToasyuecro o6Hascerud. Dot THN JedopMaliii CKIOHOB NPOHCXO-
{11 JUNT, KOTJa KPYTO Najaioliie nJiacthl o0HaxaloTess BOJIH3H ANEBHOl MOBepX-
)OI HOCTH, KOWTAKT MEZKLY JeMIOBHEeM H MOACTHJIAIONIHMH KOPeHHLIMH NOPOAaMH
151 apaduiedell CKIOHY i TOMOBBI IKI2CTOB HAXOAATCH B 30He (Pa30BLIX npeBpa-
*  Tepailiinl €KOHCEKBEHTHBII>, €ACEKBEHTHBLI> Il €HHCEKBEHTHLII® GLi1I BBECHL npod.
duap, T1. Capapenckuym (1939) npn amaanse onoasnensix spaenwil
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S0 BHH3 NO CKAouy

menuft poan (3aMep3anus u OTT
paTypH M BIaXKHOCTH (PHC. 4). d7o BeaeT K nepemel R
NPOAVKTOB BHBeTpHBANHA It K oGpasoBanio 33:‘116:\{ I“llk'l](ll‘ .;; B ;
Crenausn, 1964). J10 ABICHUE npejacTaaier coboi L.u:l:::\”mpym
(puanueckoft moa3yHecTn B PEOIOrHYSCKOM ci\lj:lt.‘.‘le. HO |f & m;. o o
BANAHHA YIOMAHYTHX Ce30HHBIN J3MEHenHit, u(':.wru.u(‘ml . Men
: 7 : suv. B. TMenk (1961) npHONCHEae
pacnaBuIuxcs O0JOMKOR BHH3 Mo CRJIOHY. i -
3TO SiBJAeHHe MexaluecKoMY nos:tei'!cru'u:c: }:;l:::::‘ull:l:[\j:n-n; (Cot‘tun. 1949)_‘ ¥
s osHnKaeT 3arud roaos oul: X I _ ;
5 pe;?.};:::z:e;u 20406 naacros. Teoaornveckiue YCJI0BIHS .ﬂor:l)u THIZ
.1e¢°PMauun'cx.1ouoa oTaHualTCR OT llpe,lmeu'l'li}'ll‘ultfft’ B Tf“‘ ’01;:::‘ :Ill! h
yTO MOMHOCTE £ AeTI0BHAJLHBIN OTA0KEHHIl NOKPHIBAIOLLIX Ijl .nl pyTO
NaZaolHX NJI2CTOR NpesbilacT rayonny @ :mlna cesom:u.} ru.mBeuetm.
TeMnepaTypsl, BAAAKHOCTH H (pa30BLIX HIMENEHHH BOb {pl‘u. )] g STOM
¢ayuae B BepXHEM PbLIXJIOM Ci10e A npoucxoanT MAOCKOCTHAN I.l? Hian
NO13y4ecTb; CKOpOCTL 10a3yuecT T aocTHraeTt MaKCII‘.\-I}.\I:l U HA hl)lf'l‘a
BC ¢ NMoACTHAAIOMHMIL TOPOAAMI (Tep-Crenansu, 1961). [pn nepexone K
STHM MOPOAaM CKOPOCTh rayOHHOil neAsyHecTH yoniBaer Ha HECKOJIbK
nopsiakos (Tep-Crenausu, 1964). Tak Kak rpaHnua DE wmemay nunerpe.é

JdbIMH H HeBbiBeTPe bIMH nopojaasu npuﬁ.‘maure.'lhnu MapaJaehiii OTKlW

FG noasyyecTh HOCHT MJAOCKOCTHBI XapakTep. JlepopMarist NpeacTanisn.
eT co6oil MoJI3yHecTh B PEOAOTHUECKOM CMDICAE. Ee peayabTaTom SIBAsETes
3aru6 roJos npuKpHITHX naactos®. Hekerophie NpHMEPLI zarn0a roJon

naactos npusoastes M. 3unrepom (Singer, 1932).

BPAUIATEJLHAS [VINBHHHAS MOJA3YUYECTh CKJIOHOB

Bpamarteasuas rayOuunas nojsyuecth NpOHCXOAMT i Kl)pl)ﬂ(li‘q
CKIOHAX, KOr4a Tea0 CKAOH& COCTOMT M3 OJHOPOAHBIX CKAIBHLIX MOPOAS -
ITosoxKenne 30HbLI NOA3YYECTH ONpeaeIsieTcs  VCAOBHAMH |1:|cr|penwtellll'
panpsikennii, dta 3ona A obGpasyercs na Hekotropoit rayonue, |1puﬁm|3ug
TeABHO MO NOAOWBOI CKIONA, FAe 3uavuennst Koadpuuuenta MoOHINIOBANS
Horo conpotusaennst casury gl npepbinalor npejeinioe siauenne 1
(nyuxkTupnas aunus, puc. 6).

CKopocTh AeopMalHK N0JI3YHECTI NPONOPUHOHAIBIA HIOLITKY 1g0—tgﬂé
Jlehopmatnit  NOA3YUECTH  KOMUEHTPHPYIOTCA  BHavaje B 370l 30ne WH
RBISBIBAIOT BpallenHe BACJIL NOTEHUHAJILHON MOBEPXHOCTH CKOAbAKEelH BB
BOKPYF HekoToporo uentpa C. Beaeactsie nporpeccupylomeii nojayuecti
NPOHCXOANT Nepepacnpeae’enie HanpsuzkeHuii 1 co Bpemenem B npuuvct?a
poBJeKaeTcsl AyrooGpasnuii nosic D (Kupnast auuust, pue. 6). '

- e

* 3aeck caerana nonuitka ndepennnposats sarud roaos maacron (Hackenwerfen)if
B 3aBICHMOCTIE OT YCAORHIt NPOSBACHIS NMOJIIYNECTH, ONPEACAACMBN MOMHOCTLIO ACAI0NNE: )
4TLHOTO NOKPOBA. 3arnG roAos NAACTOR NAMI NOAPAIACANCTCH HA NOAIYHCCTL OGHameni il
il MOA3yHeCTh TOJOB [11ACTOB, i
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THUIIBl I'VIYVBMHHOA TOJ3YYECTH CKJIOHOB 359
_'{ K ppamareannoii rayGunHoR noasy4ecTH OTHOCATCA ABa Tuna aediop-
”Ii-'Jtlmmii CKJAOHOB. ACeKBEHTHAd 1MoasyvecTs M S-06pasHas NoJ3yYecTs.
\ 1. Acexsentnas noasyuecrs (puc. 6) NPOHCXOAMT B CKAaJBHBIX MOPOAAX,
DO 2 obaapaoumx cronctoctsio. Onpeaedenye aeopMalnil 3aTPYAHEHO BBHIV
ITYITCYTCTRAA  HMHAMKATOPHLIX 114cTOB. B HEKOTOpBIX cayyasx 3TOT TH
(ERMiIayyecTH MoOKeT OHITL yeTaHOBIeH OJarogaps oGpa3oBaHHIO  3epKa.d
ATOKONLKenHA BCAeACTBHE OPHENTAalHy YelryfiyaThiX YacTHIl BJ01b Hampas.e-
| KA noJM3y4ecTH WAM N0 JPYTHM MOAOGHBIM NpH3HAKaM.
2. § -0fipasnas NOA3y4ecTs OTAHYAETCH OT NPEeIlecTBYIOLIero caydas
' LMEM, YTO.CKaJbHBIE TOPOJILL 3/1ech NPeACTABIenbl KPYTO NajalomMMy acTa-
JIH, HMEIOWHMHE 3HauenHe Kos(huUHEeHTA BAIKOCTH OAHOTO TIOPSJKA.
ACAeICTBHE BEKOBOM NOJ3Y4EeCTH YacCTh NJ14CTOB, PACHOJOKEHHBIX B npe-
Alsesax pellieyKasaHioro nosca D, nocrenenHo wuarubaercs NPpHHHMAET
06-7-06pasnyio (opMy (puc. 7).
1 Ecau nmiaacThl JOCTHrai0T JHEBHOR ITOBEPXHOCTH, B HX BhIBETPEJLIX
OI0aoBax NPOARJAINTCH TAKKe NOJA3YYECTh ofuameHuii MJIH 1OJ3YVHeCTh
oiodiop naactos. B 9THX clydasix MozkeT HabGJai0flaThCH  cOYETAHHE JABYN
O HNOR noasyyecTd. B kauecThe NPHMEPA MOKET CJAYHKHTH ONOJA3eHb B OAHOI
nanasnufickot aoautie (TanoGp, 1960).

OBILAS T'JIYBHHHAS IMOJI3YYECTh CKJOHOB

O6Guas rayOunnas nojasydectb npeactapiser co0oil NIHPOKO pacnpo-
s Tpanennsiit Bua jgedopManuil CKJI0HOB, NPOSIBJASIOWMACH B CIyYasX, Koria
IL0C @0JIOFHUYECKOE CTPOEHHE Tea CKJIOHA OTJHYAeTCH OT BbILIeYNOMSAHYTBIX Mpo-
St ThiX THROB, CyLIECTRYeT MHOro pasnosHaioctei obuleit rayGuHHOE nou-
SUyuecTd, Kotopsle foka eute nepoctatouno an¢pepenuuposansl. Ciaenyio-
SUJUHE ABA THNA MOTYT ObITh JErko BbljeJeHbl: HHCEKBEHTHAA NoJa3YyYecTb I
HOKOMIEHCAIHONNAA T0J3YYeCTh.

1. HHcexksenTHaA NOA3y4ecTb HMeeT MecTo, KOrja HaKJOHHO 3aJeralo-
SusuHe Komnerentasie caod A jgedopMHpyloTes B peayqanLTaTe MOJA3YHecTH
10 TOACTHAAIONIMX HEeKOMIEeTeHTHbIX caoes B (puc. 8). Beaeactsue noJsyyecti
S0 IOACTHAAIONHX MATKHX MJACTOB NPOHCXOAHT oc/jabjenue ynopa H noasy-
"9 1eCTh PACIPOCTPAHseTCs Ha NOKPOBHbe KecTkue nopoasl. Hanpasienne
L0 T0JI3YMECTH Nepecekaer MJIOCKOCTh HanjaacToBanus. TakuM —MeXaHH3MOM
non6aagan kpynieinuuii onoasens Ha ckiaone ropst Tepra y @Ppenka, mr.
i Aasbepra (Kanaja), rae B ObicTpoe ABHAKEHHE ObiIO BOBJEYEHO OKOJI0
030 Man. k6. n nopoabl. TTokpuiBaouye H3BecTHAKH B (pase rayOHHHOH 110.1-
1y aydecTn Gblian pa3GuThl cHeTeMoll Tpewwi, ray6oko mpopesaBuiix oGpat-
bt ckaon ropsl (Tepuarn, 1958; McConnel and Brock, 1904).

Ha ckaonax moryt naGJ10aTbhesl COCTABHLIE BHJbI M0J3YYeCTH, onpe-
L9 nessieMble TeoJOrHIeCKHM cTpoenHeM ckaona. Ol 3 TaKHX cJaydyaes HMeel
J9EMECTO, KOrja MmJIacThl NajaloT B CTOPOHY CKJAOHA, IVIOCKOCTh HAMJIACTOBAHHS
10to6pasyer ¢ ropH3oNTOM MEHLIIMH YToJ, YeMm MOBepPXHOCTb CKJIOHA, H HeKO-
(O TOpble H3 HHXKEJeXKAalMX CJA0eB SIBASIOTCA HeKoMneTeHTHbIMH. JLasi HuxKneil
JBIMACTH Ted CKJIOHA BJOJbL HEKOMNETEHTHLIX CI0EB XaPaKTEPHA KOHCEKBENT-
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jMeeT MecTo HHCCEBEHTHAN
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qec 3 y BepXHeit 4
Hasi NOJ3yHecTb, TOFAA KaK B €r¢ p e Aneannit

noasyyects. B pesy.asTaTe BO3HHMK3ET CHC
) s i

HamlacToBaHHe B BEPXHeH HaCTH . i,
2. KomnescayuosHas ROA3YecTo BOSHUK i

TOPH3OHTAJIbHLIM HANAACTOBAHHEM, KOTAd KoMneTeH
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JKenHoe 1HO C JOAMHBl BHmyumBaeTcss BBepX; B MTHBAIOT OMyC-
1IPOSIBIAETCS MeIKas CKAGA4aToCTh D. Bopra :m.mnmb“ G
KaHye, COMPOBOXAaeMoe pasiaMblBaAHHEM KOMOEeTeHTHbL s i o
wa Gaoki. BJIOKH HAKJIOHSIOTCA H ABIGRYTCH 10O tlar}Pi“‘~1“1"f ok Ve
uel, B pesyabrare BO3HHKaeT BHMYyYHBaHME (bulging) B cpea

suirpGanne (cumbering) B OGOKOBBIX HACTSN.

B kauecTse npHMepa MOXET CIYXKHUTDb no.13)'qe§11- Sadugmilhg
fa, OOHAPYKEHHAS MPH BCKPBILHLIX padoTax Ha Hoprre alllt!‘nr“ ort.ll i3
30pYVIHOM MECTOPOMACHHH B LEHTPAIbHOM Auramn (Ho lﬂ!n_.r e
1944). Jdpyrue cayuan nadaioaatuch 8 Cuoupu ([Maapmun 1 1P ,
1963) u B Yexocaosakun (Zaruba, 1956). e

Jlas Jayuqimero TMOHHMAHHS  PasjHuyus  Meay KoMpeHcanuonio
HHCEKBEHTHOI NOJ3YHECTBI0 MOMHO CPaBHHTL OOpyIUeHHEe OCHOBAHUS U
ofpylieHHe CKJIOHa, H3BECTHOe B MeXaHuke rpyHTOB.

qer B 3POSHOHHBIX AOIMHAX €
. e A caon NoacTi-

Kp\'ﬂllul‘&‘l MACIITA-

Muoraa reosornuecKne CTPYKTVYPbLI, 00pasyioutuecs Y MOBEPXHOCTH B
peayabTaTe MOJA3YYECTH MOPOA HAK FPYHTOB HA CKJAOHAX, OTHOCAT K FpaBi-
ranuonubiM erpykrypam (Illyasu, 1961); onn npoTHBONOCTABASIOTCS TEKTO-
WHYECKHM CTPYKTYpaM. ITOCKOABKY TrpaBHTAUMS HEHAMENHO YHACTBYET 1o
BCeX mpomeccax Ha 3emae, TepMin «rpasutaionnas» nerouen. Ilpeanara-
ercsi Bee nmoaolduble CTPYKTYPH, obpasyiougnecst Y NOBEPXHOCTH, HASHBATL
KAUHOCEHHBIMU CTPYKTYPAMH, MOAMEPKHBAS  €AHICTBEHHYIO  NPHMANY HX
06pa3oBaHHA—HaKIOH NOBEPXHOCTH,

TYPES OF DEPTH CREEP OF SLOPES IN
ROCK MASSES##

Professor, Dr. Techn. Sc. GEORGE TER-STEPANIAN®**

Abstract. Depth creep of slopes is a wide spread phenomenon  which ma-
nifests not only in soils but In rock masses as well. Deformation of rock masses pro-
ceeds extremely slow and the process is of secular nature. Different types of depth
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B ero ANCKycCmn nacrosiiero Aokaaia na wourpecce (Novosod, 1967).

“* A paper presented to the First Congress of the International Society for Rock
Mechanics, held in 1966 In Lisbon. The paper was published in the Proceedings of the
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19913 creep are distinguished depending on the geological structure and rheological charac-
'“119) teristics of rock sirata. Planar depth creep occurs on long slopes when the strata dip-
!G16g parallel 1o the slope and rocks have different rheological characteristics. To the planar
Uqsh depth ereep belong creeping of slabs, consequent creeping, creeping away of blocks,
'“lug outcrop creeping and terminal creeping. Rotational depth creep occurs on short slopes
Silw when the slope body consists of homogeneous rock masses. To the rotational depth
19413 creep belong asequent creeping and S-like creeping. General depth creep Is a common
“9%1 type of slope deformation which occurs In different geological conditions. Here may
4 4d be distingulshed Insequent creeping and compensating creeping. It is proposed to de-
Nigiz signate all such geological structures as clinogenic structures.

Depth creep of slopes is a wide spread phenomenon which reveals
Ion not only in soil but In rock masses as well. Many different types of such
191y deformation of slopes have been already described under various names—
6T Talzuschub (Stini, 1952, Madller, 1955), cumbering and bulging (Holling-
Ow worth et al., 1944), Hackenwerfen (Stini, 1952) or outcrop curvature (Cot-
nol ton, 1949), rpapuTalHOHHBIE CTPYKTYphl—gravitational structures (LLyasbw,
2] 1961) etc.

A common cause of all these deformation is the special stress con-
Jily dition which originates in rock masses due to their own weight when
91l they are bounded by Inclined surfaces. The stress distribution in slope:
ol bodies is far from being uniform. It depends not only on geometrical
59l features of the slope and values of unit weight of rocks but on distri-
ud  bution of residual stresses in rock masses due to the overconsolidation,
/1b  drying, tectonical stresses etc.

The rate of creep deformation depends on time and values of mo--
lid bilized shear strength. The creep deformation reveals in those parts of
Iz slope body where the shear strength is not mobilized totally to cause
rlz  shear, i.e. plastic failure, but it is mobilized enough to cause creep (Ter-
1< Stepanian, 1963).

The creep deformation of rocks proceeds extremely slow, and
il therefore the process of creep in rock masses is of a secular nature.

The character of creep deformation depends on the rheological prop-
19 erties of rocks and on the relation between the position of beds and
(1 that of the slope. Three maln groups of types of creep deformations in
01 rock masses may be easily distinguished: planar, rotational and general.

PLANAR DEPTH CREEP OF SLOPES

Planar depth creep occurs on long slopes when the strata or the
il boundaries between rocks and loose products of weathering dip parallel
ol to the slope and rocks have different rheological characteristics.

In long slopes the thickness of strata is usually incomparably less
(f  than the height of the slope; therefore the influence of edges of strata
10 on the stress distribution may be neglected (conception of an infinite
iz slope).
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then the character of the creep deformation
only on the distance from the suriace and rh
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" To the planar depth creep belong the
scribed by difierent authors: creeping tif' el Bl
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stratified or Jointed rocks when the slope is orienta ;x“ Pb At
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other weak material (Fig. 1%). Creep deformations 1aR¢ I
layer; they may be caused by vertical tactonic
to the gradual increase of slope inclination or to the : Bt s
leads to the gradual decrease of shear strength of the fayer lillt‘t”, g
the slab (Terzaghi, 1950). The fluctuations of the rate of depth .uftLp ol
the mentioned layer may be caused be variations of piezomelric level
due to the chang-es of condition of water inlet during heavy rfllllslrl)ﬂls
or rapid melting of snow in the upper part of the slope or the conditions
of groundwater outlet in the lower part of the slope. ‘

Creeping of slabs proceeds in many mountainous countries. At least
20 big landslides took place during the last millenium on the southern
slope of Rossberg mountain in Switzerland (Kopp, 1936): in all these
cases slabs of Teriary Nagelfli (conglometate with calcareous binder)
creept on the marl beds. A classical example of gradually accelerated
creeping of a slab on this slope preceeded the biggest landslide near
Goldau in 1806 (Ileim, 1932; Terzaghi, 1950). The process of creeping
started not later than for 20 years before the landslide and accelerated
in wet years 1799, 1804 and 1805 (Zay, 1807).

following phenomend de-
slabs: consequent creeping;
al creeping. Their

weathering which

weathered rock or

movement which leads =

2. Consequent** creeping. This type of slope deformation occurs In

the stratified rocks too, when the slope is orientated parallel to the bed-
ding planes, but the geological structure represents an alternation of
strong and weak strata (Fig. 2). The depth creep develops in  weak
layers while the strong ones displace without deformation. As a result
of such type of creeping a vertical line AB transformes into a complex
line AC composed of S-like sections in weak strata and vertica] seg-
ments in strong ones. The mechanism of these delormations was shown

in another publication (Ter-Stepanian, 1963). Since the bed position re-
mains unaltered these deformations may be revealed by special meas-

urements, e.g. in observational wells (Ter-Stepanian, 1965a). The transition
from the depth creep phase to the catastro;hic slide usually occurs along

* Figures see p. 6769,
** Terms ,consequent®, .asequent* and -Inscquent®  were introduced by Prof,
Saverensky when analysing landslide phenomena (Casapencknii, 1939),
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fiowone of the soft strata when the shear strength is totally mobilized; DD

is the potential surface of sliding.

3. Creeping away of blocks. This type of slope deformation occurs
In cases when the rigid slab Iving on an inclined bedding plane and
separated into blocks by vertical fissures is underlaid by weathered rocks
or another plastic material. These fissures often form an orthogonal net-
work. The movement of lower A blocks start earlier and proceeds quick-
er than that of upper B, C blocks (Fig. 3). Therefore, the blocks creep
away from one another over the plastic layer D and an orthogonal sys-
fem of paths £ between blocks is formed. An example of such creeping
represerts the Labyrinth in Khosta near Sochl on the Black Sea shore
oi Caucasus; here blocks of the Upper-Cretaceous limestone creep away
along the bedding plan; the angle of dip equals 10°. The average width
of blocks is 6 8 meters while the width of paths between blocks ranges
from 3—5 centimeters in the upper part of the slope up to 12 meters in
its lower parl. Some examples of such deformations were described by
C.F.S. Sharpe (1938), who calls them _rock cities®.

4. Quicrop creeping. This type of slope deformation occurs when
steeply dipping strata outcrop near the day surface, the contact with the
overlying talus deposits being parallel to the slope and the upper edges
of rocks are in the zone of phase transformation of water (freezing and
thawing) or of seasonal changes of temperature and moisture (Fig. 4).
This leads to the downhill migration of products of weathering and to
the formation of hooked rock creep (Ter-Stepanian, 1965b). This pheno-
menon is not the result of physical creeping in the rheological sense
only, but of the stimulating effect of the mentioned seasonal changes
which enables the downhill movement of disintegrated fragments. W.
Penk (1924) ascribed this phenomenon to the mechanical action of mov-
ing masses on their beds. Its result is the outcrop curvature (Cotton, 1949).

5. Terminal creeping. The geological conditions of this type of
slope deformation differs from the preceding one in that respect that the
thickness £ of the talus deposits covering the upper edges of steeply
dipping beds exceeds the depth @ of the zone of seasonal changes of
temperature, moisture and phase transformation of water (Fig. 5). Planar
depth creep occurs in the upper loose layer A; the rate v of creep reach-
es Ifs maximum v, at the contact BC with the underlying rocks (Ter-
Stepanian, 1963, 1965b). After transition to these rocks the rate of depth
creep decreases by several orders. Since the boundary DE between the
weathered and unweathered rocks is approximately parallel to the slope
F°G the creep is planar. The deformations must be determined as creep
in the rheological meaning. Its result is the terminal curvature®. One
can find some examples of this by M. Singer (1932).

* Terms ,outcrop curvature* and ,terminal curvature® ought lo be considered as
synonyms (Sharpe, 1938), corresponding to the German term Hackenwerfen (Stini,
1952). Here an attempt is made to differentiate this term, according to the conditions
of creep manifestation determined by the thickness of talus cover.
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- '(l'f(l:"thl;nre(;ti::t:gnal}dgpth creep belong two types of slope deforma-
- ' S-like creeping. :
e ?S e::::;:e;rreer?'z;i:?(ﬁg. 6) lul?es place in rock masses \\'nh‘ou?
bedding or lamination. The determination of this deformation isf nol‘ easy |
because of the absence of indicating layers. In some Case€s this type of |
creeping may be established by formation of slickensides due to the :
orientation of scale-like particles along the direction of creeping or by §
other similar evidence. :
2. S-like creeping diifers from the preceding case in that respect
that the rock masses represent steeply dipping beds of rocks having |
values of the coefficient of viscosity of the same order. Due to secular §
creeping the part of beds located in the above-mentioned belt D bends :
gradually and takes an S-like form (Fig. 7). 7

If the beds extend up to the day surface the weathered edges of
strata may also experience outcrop or terminal creeping. In these cases
a combination of two types of creeping may be observed. A landslide
in one of the alpine valleys may serve as an example (Talobre, 1957).

GENERAL DEPTH CREEP OF SLOPES

General depth creep is a wide spread kind of slope deformation
which manifests when the geological structure of the slope body differs
from the above mentioned simple ones. There are many varieties of ges
neral depth creep which are not yet well differentiated. The following
two types may be easily distinguished: insequent creeping and compen- |
sating creeping.

1. Insequent creeping takes place when the inclined competent |
strata A are being deformed as a result of creeping of underlying un-
competent layers B (Fig. 8). Due to the creeping of the lower soft |
strata, the support weakens and the creeping extends on the overburden |
hard rocks. The direction of creeping intersects the plane of stratification. .
Such was the mechanism of great Turfle Mountain landslide of 1903 near .
Frank, Alberta (Canada), where finally about 30 millions of cubic metres
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1 looi rocks were involved in rapid movement (Fig. 8). The overlying lime-
Moz stones were broken by a system of fissures deeply cutting the reverse
jolz slope of the mountain in the phase of depth creep (Terzaghi, 1950;
)54 McConnel and Brock, 1904).
Compound types of creeping of slopes may be observed depending
no on the geological structure of the slope body. One of such cases is
silw when the strata dip towards the slope, the inclination of the bedding is
23] less than that of the slope and some of the lower layers are uncompe-
‘o) tent. Consequent creeping occurs in the lower part of the slope body
10lg along uncompetent layers while insequent creeping takes place in the
191 upper part of the body. The result is a system of fissures which inter-
sect the bedding in this part®.

2. Compensating creeping originates in erosion valleys with hori-
nos zontal bedding when competent A strata are underlaid by uncompetent
» & B ones (Fig. 9). Due to erosion the unloaded bottom C of the valley
lud bulges upward; the uncompetent strata exhibit minor folding D. The
olz slopes of the valley experience subsidence followed by breaking of com-
l9q petent rock masses into blocks. The blocks are inclined and move to-
nw wards the bottom of the valley. The result of this deformation is bulg-
qii ing In the middle part of the valley and cambering in the lateral parts.

As an example may serve the large-scale creep disclosed by quar-
Iv1 rying operation in the Northampton ironstone field in Central England
) (Hollingworth et al., 1944). Other cases were observed in Siberia ([Taab-
i1 wwun M Tpxkuunckuit, 1963) and Czechoslovakia (Zéaruba, 1956).

For better understanding the difference between the compensating
i and insequent creeping one can compare the base failure and the <lope-
izl failure, known In soil mechanics.

The above-mentioned does not exhaust all possible types of depth
119 creep of slopes in rock masses.

Sometimes the superficial geological structures which are formed as

¢ a result of creeping of rocks or solls on slopes are referred to as gravi-

‘61 tational structures (Ilyasu, 1961); they are opposed to the tectonic struc~
1l tures. Since gravity inevitably participates in all processes in the Earth
il the term ,gravitational® is inexact. It is proposed to call all such super-
o1t ficial structures as clinogenic, stressing the unique cause of their formation—
i} the inclination or sloping of the surface.
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V. 1. Dupbrh uwhouf
Puc. |. Cnoasanue naur
Fig. 1. Creepiny of slabs

A

b4 2. Unbublpbbw unnf
Pue. 2. Koncexsentnan noasyuecrs
Fig. 2. Consequent creeping
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bf. 3. PMnlbbrp wmwraungoud
Puc. 3. Pacnoasanue 6.ioxos
Fig- 3. Creeping away of blocks




68

u. 4. UbrljmgnuiGbrh wanf
Puc. 4. [Moasyxectsd olnaMenul
Fig 4. Outecrop creeping

g, 5. Ohrmumgmublch uanfl
Puc. 5. Moasywecrs 20408 naacros
Fig. 5. Terminal creeping

bh. 6. Dublpkbwm unyl
Puic, 6. Acexsentnas noasymecto
Fig 6. Asequent creeping
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V4. 7. S-wlbro unpf
Puc. 7. S-o6pasanas noasyuects
Fig. 7. S-like creeping
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Uf. 8. Phubljbbn unyf
Puc. 8. Hucexsentnas noasyuecto
Fig. 8. Insequent creeping

V. 9. Undybbuwghnb unnf
Puc. 9. Komnencayuonnas noasyuecrs
Fig. 9. Compensating creeping






