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O HATIPA)KEHHOM COCTOAHHH BECKOHEYHOTI'O
CKJIOHA C KPUBOJIMHENHOH 'PAHHULLEHA B MOJIE
FPABHTALHH H ®UJIBTPALLHH

Houenr, xang. texu. vayxk 3. I TEP-MAPTHPOCHAH!
H uumenep-pusuk JI. M. AXTTATEJIAH?

Pegepar. Ilpn pemeHny IJIOCKOil 3ajauu TEOPHH YNPYFOCTH A4Sl noayGecKoHeuHoil
ofnacTH € KPHBONHMHeRHOfl rpaHuued mox AeficTBHeM MaCCOBHIX CHa (TpaBHTAUHH W (GHILT-
pailMH) HCMoJL30BaH METoJ KommaexkcHod nepemennoii Kosocosa-Mycxeauwmenian c o1o6-
pakenHeM Ha HHKHIOW noaymiaockoets. ITonyyennoe 3aMKHyTOe pelleHHe HaeT BO3MOK-
HOCTL ONpPEAeNHTL BCe KOMMNOHEHTH HAfPSKEHHOro COCTOAHHA CKJIOHA C BBIEMKOfi (KaHbOH)
HAH ¢ RacEmblo (nuoTHHA).

MepsienHple JIBHAKEHHS TOPHLIX NOPOJ HA CKJIOHAX, BLISBAHHBIE JUJIH-
TeJbHLIM BO3JAEHCTBHEM TIpPaBHTALHOHHBIX H (DHJIBTPALHOHHBIX CHJ Xapax-
TepHL! J/1si MHOTHX FOPHBIX CTPaH, B TOM 4Hcae H aas ApMenuu. B 3aBucH-
MOCTH OT HH)KEHEPHO-Te0JIOTHYeCKHX, TH/POreoJIorHIecKHX u reomopdosioru-
YECKHX YCJOBHH CKJIOHA, a TaKKe Pe0JOrHYecKHX CBOMCTB TOPHLIX MOPOX STH
JIBHIKCHHS MOTYT HMMeThb Dpas3JIHYyHbIi Xapaktep. B GoJblIHHCTBe clyyaes
HHTEHCHBHOCTbL HarnpsiyKeHHi, AefACTBYIOIHX Ha CKJAOHAX, He GbiBaeT xOCTa-
TOYHON JWIA TOro, 4ToObl BBI3BATH KaTacTPO(PHYECKHE KPaTKOBpEMeHHbIe
cMelntends (ONoJ3NH), HO JIOCTATOYHA AJS TOTO, YTOGL BLI3BATh AJHTEJNbHBIE
jgedopMalHH NOJI3yYecTH NOPHLIX MOpox, caaraomux ckiaon (Tep-Crenansn,
1961) *. ITpn 9TOM BO3MOXKHO BO3HHKHOBEHHE JIOKAJbHBIX 30H TpeAeJbHOro
paBHOBECHsI, KOTOPBIE MOTYT GBHITb JIEKO BBHIJIE/IEHB! TI0 H3BECTHOMY Hampsi-
JKEeHHOMY COCTOSIHHIO CKJIOHA MeTOfaMH MexaHHKH TpyHTOB (LIbiroBuu, 1963;
®aopun, 1959).

ITpu yxyaiueHHH HHMKEHEPHO-TEOJOTHYECKHX M THAPOreoJOTrHYEeCKHX
YCJIOBHIT CKJIOHA, 30HLI NPEeJbHOr0 PaBHOBECHS HA .CKJOHe MOrYT paclIH-
PATbCH, CKOPOCTh. CMELIEHHS NPH STOM YBEeJHYHBAETCH H IPOLECC MOXKET
nepexoauTh B Karacrpoduueckyio ¢ady. Takum o6pasom, J/Isi OLEHKH IJIH-
TeJIbHON YCTOAYHBOCTH CKJOHOB H OTKOCOB HEOGXONHMO Npexie BCero
OUEHHTh HX HaNpfKEHHOe COCTOSIHHE TNOJ JAefiCTBHEM BHEIIHHX H BHYTpPEH-
HHX CHJI, AefiCTBYIOIIMX Ha TOpPHLIE NMOPOALI, cJaaraloUMX cKaoHL. K coxa-
JEHHIO, 10 HACTOSILIEr0 BPEeMeHH He HMEeTCsl CTPOTHX TEOPeTHYECKHX pelue-
HHN 3aja4 /IS ONpejieJIeHHs] HaNpPSAXKEHHOr0 COCTOAHHS CKJIOHOB H OTKOCOB.
B GonbmuHCTBE caydaeB NpHOEraloT K YNPOUIEHHBIM PACUYETHBIM CXeMaM,

! Jlouenr, crapumfi HayuHblii COTPYAHHK MOCKOBCKOrO HHKeHepHO-CTPOHTENLHOr0
HHCTHTYTA. s :
? Crapmnf Hu:KeHep BcecolosHoro Hay4HO-HCCJe0BATENLCKOrO HHCTHTYTa FHJPOreo/io-

run § urkeneproft reonors (BCETMHTEO), Mocksa.
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wH HECKOAbRO 3anaw,
GeCcKOHeUHOro CRI0NA
ma M Tpaneuuu
napaﬁo.'ul‘lecxuﬁ

an6o K (HINYECKOMY soxeanposanuio, HasecTHo an
B KOTOPHIX paccMarpuBaercs panpsXkenHoe cocTosNHe
(Teiiaop, 1960; Tep-Crenansii, 1961), Geckoneqnoro Kii
(Tanepkun, 1952), 1 GecKOHEYHOrO FOpHOro Maccusa ¢

rpannueil (Tep-Maprupocsi H Axnarteaos, 1969).
1ana MONBITKA NOCTAHOBKIL 1 peue-

B nacrosieii padore Bnepsbie CAC
i : ro cocrosius OeCKOHEHHOTO

unsi 3azaul A1s ONpele’eHHs HANpsKeHHo
CKJIOHAa ¢ KPHBOJHHEMHOI rpannueit nox posjeficTBHeM CHa TrpaBHTALHI
1 TEOPHH YIPYTOCTH, B NPEANOT0-

(06BbeMHBIX CHI) B paMKax nJ0CKOIl 3axaus
JKeHHH, UTO CKJIOH NpeacTaBasieT coBoil KBasHynpyryio i KBA3HOAHOPOHYIO
MOPHCTYIO Cpeiy, 3anoaHeHHYIo ponoii. Jas pewenns arofl 3amaul HCHOMb-
30BaH M3BECTHHl B TEOPHH YNPYroCTH METOA KOMILIGKCHOft TepeMeHHOi
Koaocosa-Mycxeanmsian ¢ orofpaeniem noayGecKORe Ol oGaactu ¢
KPHBOTHHENHOI rpauuueil Ha HHXKHIOWO MOJVILTOCKOCTD | HCMOJb3yst CBoficT-
pa narerpaios tuna Kour.
Cneayer OTMETHTh, 4TO OTOGpaxaiowas ynKkuHs NoAOOpaHa TAKIM
o6pa3oM, 4TO OHa Jaer BO3MOXHOCTb onucarb KpHBOJHHE{lHyl0 TPaHHLy
GeckoHeunoil 061acTH ¢ BOTHYTOR HAH BHINYKAOIl KPHBOIi, KOTOpHIE COOTBET-
cTBYIOT NPOQHASM  GecKoHEuHoro CKJAOHA ¢ BHIEMKOM Al ¢ HACHIIbIO 11
JMeeT ACHMNTOTY B BHIE HAKJIOHHOI npamoil. B uactHomM  Caydae, npi
ropH30HTAIbHOI NMOBEPXHOCTH GecKOHeUHOro CKJIOHA OyaeM HMeTbh pelleHHe

218 MOAVILIOCKOCTH C BLIEMKOIT (kanb- £
OH) HJH C HACBITBIO (naornuna).
IMocranoska u pewexue 3adadi.
[lycth GeckoHeuHulil CKJIOH € KPHBO-
annefinoii rpannueit (pme. 1) HAxo-
quTCS B OAHOPOAHOM MoJe rpaBHTa-
upn B Guasrpaunn. Onpepeanm Bee
KOMIOHEHThLl HANpPSIKEeHHOTO COCTOA-
iuf B 11060i TOYKE B 3aBHCHMOCTH OT
@ro TeoMeTpPHYECKHX TnapamMeTpos M

(hH3NUECKHX XaPAKTEPHCTHRK IOPOAL. Puc. 1. Pacuernan cxesa.

Peuieniie  nocrapJeHHoil  3ana- Ve 1. Swpyquplugfe ufabif b
yi JIOJ2KHO V/OBJETBOPAThL YpaBHe- Fig. 1. Design scheme. -
HUSIM PaBHOBECHS: ]
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o

i= | gradH | = alu
s

(3)

o

Uro6u 0cBOGOAMTLCA OT npaBoit wacTu ypasHenus (1), HeoGxoaumo
HNpou3BECTH CJAEIYIOIYI0 TMOJCTAHOBKY (Mycxeanmsuiu, 1968)

eyt (#

1rae s, s;, -';r ~—~HEKOTOpPHIE YACTHHIE PEUIEHHA YpaBHEHHHA (1), xapakTe-
] pH3yIOHIME B HAUeM Clydae MAanpsKeHHoe COCTOSHHE BECOMOro GecKoHeu-
{ HOrO CKJAOHA G€3 BHIEMKH W NpPH OTCYTCTBHH (DHJABTPALHOHHOrO IOTOKA;
© 3,, 9y, %xy — AONOJHHTE/NbHEE HANDPAKEHHH, 06yC/JI0BJI€HHbIE HAAHYHEM Bbi-
) eMiKH ¥ (PHJIBTPALHOHHOIO MOTOKA,

_ L sin?
3, = K(1'cos} — {w _t_g-rf—)y
) 3 Sll’l
3, = (1" cosp — 1w tgf )y (5)

%y = (17 sInB - 1w sind)y

rpe K- xospduuuent G0KOBOro AaBJEHHH TpPYHTA.
JlonoaHHTEAbHbE HANPAKEHUs ¢, Jy, gy TeNepb GYAyT yLO0BJAETBO-
pPATHL OAHOPOJHLIM ypaBHeusm (1). Tlph sTOM rpanHuHbe yCAOBHS A0MK-
ibl GRITh ONpejeJaeHs no (GopMyaam:

N = 12 [ — (K +Ky)+(Ke—Ky)cos2a--2K,,sin2a]

y (6)
TE Y [(K—Ky)sin22—2K,,c0s27]
o |
’ inf
Ry i;ap (1)

Ky=1' sinB—+, sin®

Beckoneunsiii CkAOH ¢ KpHBOJAHHe#HOR rpanuued (moayGeckoHneunas
064acTh S) B KOMIJIEKCHOR IJIOCKOCTH Z OMHMCHIBAETCH YpaBHEHHEM:

X = CE[I"i' ﬂ_iﬂi——l_)s]
b(n—1) (8)

=c|n— ——
s B
rje ¢— ko3((HUIHEHT NPOMOPUHOHANBHOCTH, b — NMOCTOsIHHAS BEJAHYHHA,
Z 7 — fefiCTBUTeNIbHbIE NEPEMEHHBIE.
[Mpu — 1< b <0 o6aacts npencrasaser co6nii MOJAYNJIOCKOCTh C Bbl-
pesoM. [nyGuHa Bhipesa £ paBua c¢b, a paauyC KPHBH3HBL B OCHOBAHHH
saercsi hopmy.oit:

_eitoy
0D (9)
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a npi &> 0-—MoAYNIOCKOCTLEE
K ero paamycy KPHBH3HN

84

B cavuae &— 0 nueem NoaymLI10CKOCTh.
¢ BHOVKAOCTHIO. OTHOWeHNHE rayOHHB BHPEId
onpeaenserTcs BHpAKEHHeM Bi1d:

o (10)

e (1 by

dopuyaa (8) suTexaer H3 COOTHOUIEHHSA

S D z=x-+iy
z = w(3) -‘=CI--.-.—'—',1 (;.--5.4--1'1;. s,\u) (11)
enie miKHell NOAYMAOCKOCTH Ha 001acTh S,

OCYIECTBASIONIEr0 OTOOPaX
) fi dfiaepa, a TAKKe YUHTHIBAA, HTO Aas rpa-

Bocnoas3osaBiuch Gopmy.ao
HHYHBIX TOYEK HMEI~ MEeCTO COOTHOWEHHSA

s W) ) —w(l) (12)

W) 2i 8

rpaHHuibie YCAOBHS 3MMIIYTCH B KOMNIEKCHOil popme B BHAE: E
be | oy lE=DE—0](t+D) ;

.V-J;" (T=— K‘—K '—Zva I a [ 3

2 ( ¥ v) (¢ — 02t -0 — 8] (13) -

PR . 1 -

i h’}(t-!— iyt —1i)) :

HMenoas3yst o6men3BecTHHe rpannunbie ycaosus (MycxeanmBual, 1968)
#

N4 AT = () + T - = [B(D) - V() + W' (OVO]  (14) |
w'(f) )

M MM CONpskKEeHHbie, a TBKKE CBOficTBa uHTerpaios ¢ sapami Komu,
HAXOAHM BHPIKEHHS AAs KoMnaekchmx norenuuanos ©(J) u W(3)

v = LD o) L o) —o(— i) +

b —(=ED) G i)
- 1 b I Fid !
1= o0) (15)
! 1
() = SR S TR Y a0 =
S 6 =N = P — O~ 1)) |
R eh A 1 - |
b(— i) =26 12) (O] Sy(—8)—Jy (- 1)—4h(—1)) (16) |
rie "
)t (t—i»2 b :
Jy = N i
5 j(t--- T _:)(v iT)dt '_
1 el : 17)
7 - L Y N T iy

[Moacrasasst Buipakenie (13) u eMmy conpsixkentoe 17 -4
pysi OT —< 10 -|-o, HAXOAHM nupamerfun A?’Iﬂ Jy u J-,,:H GAR By
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b+4  be(b--4)K, be(K.--Ky) [ 1 2 I
;\«J = X - = - = - '
: CK"su —=7) 8i(i —2) 8 =5 - =2
(18)
bk — K5) - _]_ bicK,yy [ 1 2 ]__
A 8 (i—32p it—z3) 4 (1= @-3p
 be(b 74')Ky . be(b 4--4) (19)
8i(i —7) 8(i —7%)

JloNOAHATEAbHbEIE HANpAKEHUA B KPHBOJIMHEAHBIX KOOPAHHATAX Ompe-
raeasiotcd mo usBecTHeM (Mycxeaumsuan, 1968) dopmyaam

a: + 3, = 2[0(%) + @(7)]

3y — 32+ ey = e [V () + @' ()T ()] I (20)
@'(%)

i Henoab3ys Hahpenusie cootHowenus (15), (16), (18) u (19). laaee Buipa-
£ 34M 4acTHele pemeHus (5) TakKe B KPHBOJAHHEAHBLIX KOOPAHWHATAX MO 3a-

A BHCHMOCTAM

9. 13 =a -}d
TGS S 1 (21)
! A are ot 2 ’ :
(o, — 9yt 2£1w) et =qg —a1 2£.EJ

Haxkoneu, ans NoJAYy4YeHHsI KOMIIOHEHT Hanpmxeuuﬂ B KPHBO.‘THHEﬁHHX
| KOOpAHHATAX, cjleAyeT CIO0KHTb JONOJHHUTENbHLIE H 4YacTHBIE pelleHHs B

I BHAE:

Lo ) (22)

Takum o6pasom, NMoJy4YeHbl BhIPaXKEHHs B 3aMKHYTOM BHAE /15 olpe-
Jle/IeHHsi BceX KOMMOHEHTOB HaMpAMKeHHOro COCTOAHHs OECKOHEYHOrO CKJIO-
fa ¢ KPHBOMMHENNOfi rpaHnuel B noje rpaBuTaudn  puabTpaund. Ias
NPaKTHYECKOTO HCIMOJMb30BaHUs TIOMYYEHNLIX peleHnit neqaecoobpasio Taby-
JMpPOBaTh WX W MPEJCTABHTH B BHJE rpaguKOB (WH30JHHUH HANpPsKeHwi),
4TO Jerko ocyumecTsuth Ha IBM.

Jlisi MoJyYeHHbIX pPeIeHHiT cocTaBieHa NMporpaMMa W paccyHTad pai
npuMepoB a5 GeckoneuHoro ckaona va OBM mapks M-20. Ha puc. 2, 3, 4
W 5 npuBenensl rpadukn B BHAE H3OJHHHA MaKCHMAaJbHBEIX KacaTeJbHBIX
nanpsiKeHuft ¢ yderom u Ge3 yuera (HILTPAUHOHHHIX CWJ. AHanH3 ITHX
rpaduKOB NOKa3bBaeT GOABIIYI0 KOHIEHTPAUHIO KACATEJIbHEIX HaNpsKeHH#
B OCHOBAHHM CKJIOHOB, 4TO moxrBepxpaaer runotesy mpod. I'. . Tep-Cre-
maHfHa O TIyGHHHON MOM3YYECTH CKJAOHOB H OTKocoB. Hanwnune duabtpa-
UHOHHBIX CHJ YXYAWIAeT YCJAOBHA YCTOHYHBOCTH TDYHTOBOrO MacCHBA Ha
CKJIOHE,



Puc. 2. H3oaunuu  MAKCUMIABHRX
Kacame.bH X HanPRANCeRul 6 KaRbOHEe
¢ napamempavu b=——0,9; K=0,8.

Lg. 2. Twpupdwy zojmihng  pupoufGh-
ph  bangdbpp dnpaud, wupudbmpbph
fLdnepynlipt b=—0,9. K-—08.
Fig. 2. Isolines of maximum tangen-
tial stresses in a canyon with the
parameters b=-—0,9 and K—08.

Puc. 4 Haoaunuu

MARCUMANBHBLX
KACAMEAbHBIX HANPRANCCHUT 6 (CCKO-

HOYHOM CKAGHE € 8HPE30M 6 noae
pasumanuy u uismpaguu ¢ napa-
Atempasu b= 09, K= 08; 3= 15
Tw/1'=08.
b 4. Twpuplwy znpanfiog  pwpnuf-
Ghpp hqngdbpp Awbngpny whdbpe pwb-
onud dwbpnipjml b ddwligfwh pwy-
waul,  opmpwlbopbpl fhdnupynctip* b
—0,9; K =08, 3= 15% 1wlt’ = 0.8.
Vig. 4. Isolines of maximum tangen-
tial stresses in an infinite slope
with a cut with parameters b——0.9;
K- 0.8, 315 and 7y.7" —0.8 subjec-
ted to a field gravily and secpage.

3. I. TEP-MAPTHPOCSH I M.

ANNETEASH

Puc. 3. J30ausuy MANCUMA.IBHNX  Kaca-
MEABHNY HANPRANCERUit § mele nAOMUNN ¢
napasempavu b 039 K 0.8,
bg. 3. Vwpupifu zopuden qupofGbek hgo-
qdbpp wuwmuph  FwpdGaud. wpwpunfbwplph
dhdnupyomlip* & 0.39. K—0,8.

Fig. 3. [solines of maximum tangential
stresses in the dam with parameters b—0.39

and K = 0.8.

Prc. 5. Haoaunuu MaxcuMaabHsLX Kacameab-
HBX HANPHANCCRUG 8 GECKOHCIHOM CKAOHE ¢
8N pPEIOM 8 node Qpasumayuu ¢ napaMem-

panu b —0,9; K=08; 315"
b 5. Twpupdwy sopwing  popoudGlph figo-
qdbpp fmbogpm] whibpe jwlignul dwblipnepjmb

quzmmd.  wwpwdbmpbph  dbdnepyuelip® b-
~0,9; K=0.8; =15
Fig. 5. [Isolines of maximum tangential

stresses in an infinite slope with a cut
with parameters b — —09, K=08 and
3=15" subjected to flicld of gravity.
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Zugprtafe bl o frou gl dfp pulp fulinpplbp, npabgnud (bl gl wuywplibphy
Jp gl of s qurfeghipfs g prof s s g frle i wlyp qpmwplnul k dwhpniflyuls nudp
(Tefaop, 1960; Tep-Crenausin, 1961), winfhpy ubynud k whnquinul (Tanep-
wun, 1952) L uagus press pros s g ol wwhdwhmgdny  whfbpy  (bnlw fil qurbiggef e & fr
(Tep-Maptupocan u Axnareios, 1969) wynlgmf uk urulp:

ST mz.&wmmﬂ;mbnu}' hnpugdwgfils wwhdwhny wifhpy (uiligh puaprif -
dugfils o plulyp npnglyne Sudup duwhpniflyml Lk ddmbigdwh nidhph wmgnhgne-
Pyt muly wmnugfrle whegurd Sud wnunnwufuwlh fulighp giibpo L ymdbyn: thnpd
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biflungfmd £, np quligp fpbipy Wbphuuginol b oonwdgubub, Swlu-
ulin le gpoyf Swghgfud Sualpmunlybife of frgussfs g

Ugu fuligpp peddwl Swidwp oqumugnpdfmd b wnwdguljumbaf i mbune-
Pyurts iFhyg Swfopustiu g Yngnumf-Unupulgfppd prpp hndubpu shosfiofomluifp J5h-
Pounp, wpmuapuonlhphbpnd Ynpugdw fh wwSdwhnd hfpumwinlbpg wmppneyfip
ihpplfi YfwwSwpfof pul fpw b oquugnpdbyny Ynphp mpmp flmbgpoibph
Susn lpm i Uil pmdhigm £ Tighy, np wpmuyunlpbpng oy o planpfué
L owighighn, npowgh Stpunpoffgndds b omogpu Ghusoinlbpg wmppnegffe oo~
qdugfpls wwAdwhp Whplpugughhy gquguifnp b nuenghly haphpod, nprip 5wl w-
wpwmwufuu bl b wlafhpy puiigf wpnBfyuph Swhngfp Guol hgpp dlind:

Vwulimfnp ghuppnul, bpp wifbpy puigp ndife Snphyniiwlwh ghpp, foe-
Ihliuhp puduul, 4 urel g o n s v fusa o e pr G S upfnfd juihip Suwhinigfinif
(dup) il gy pinef (:qm.rmpr)a

Unpurgdughl wwSdwhnd wifbpy pulgp Fog quioff dwhpnifl juls bk 0durliy-
Sl nedbpfe Sudwobn qugmoul (. 1) Npngbtip qwigh yuwiuwymd lhund
qupefwdugfih o flulyfe pagnp puqugphitbpp'  fjuwpefwd bpw byl puatho sk
wwpmdbnphppy b wyuphbph $hogplpuwlul Swmlnfodhbphy:

hfwd fuligpp medndp whup bopudwpupp  Swfuwewpulynndd ol (1)
Surifwruw prd T b p i, npurky  a?, :;’,, 'I::Y quwpnedrhph  puwquppfpibpl b
X. Y dwifupuigfpls ndhph pugugppaibpb bl

bph pigndiblip, np pulgp Phpdwé b Anphgnbp bhwordwdp B whljwh
muly, fruly ddwhgidwh nuggmiffgndip pubigh Gnpdugf blwindwdp huwgdnul £ 0
whlpgnih, wupw dwifupu i nedbpp hwpurw S wgunf b (2) hwpufwdnfpmihiichpmd,
npunky' ' <0 wnugfwd ghnbwgph wepwpbbph Swduwqpuhh hpfink £, tw=0" ppf duw-

V Unulpfusgfe pudblsbpw-pfbwpwpulyml fphompnmonfs gogbla
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THE STRESS STATE OF AN INFINITE SLOPE WITH
CURVILINEAR BOUNDARY IN THE FIELD OF GRAVITY
AND SEEPAGE

ZAVEN TER-MARTIROSSIAN, Assistant Professor, Cand.Tech.Sc.! and
JIM HAGHPATELIAN, Physics Engineer?

SYNOPSIS. Formulation and solution of the two-dimensional problem of elas-
ticity theory concerning a semi-infinite region with a curvilinear boundary under the
aclion of mass forces (gravity and seepage) is given. This problem is solved by the
Kolosov-Vuskhelishvili complex variable method the semi-infinite region with a cur-
vilinear boundary being mapped onto the lower half-plane. The solution, obtained In
the closed form, enables all the components of the stress state to be determined for
a slope with a cul (canyon) or with an embankment (dam).

Only a few problems of the stress state of slopes in the field of
gravity are solved including that of an infinite slope (Taylor, 1948; Ter-
Stepanian, 1963), of an infinite wedge ('anepkun, 1952) and of an infi-
nite mountain massif with a parabolic boundary (Tep-Maptupocan u Ax-
nareaos, 1969). _

The present work is the first attempt to formulate and solve the
problem of determining the stress state of an infinite slope with a cur-
vilinear boundary, subjected to forces of gravity and seepage. The prob-
lem is solved as a two-dimensional problem of elasticity theory. The
slope is assumed to be a quasi-elastic and quasi-homogeneous porous
medium filled with water. The Kolosov-Muskhelishvili complex variable
method is used the semi-infinite region with a curvilinear boundary being
mapped onto the lower half-plane; Cauchy-type integrals are also used.
The mapping function has been selected so that it enables the concave
or convex curvilinear boundary to be described. This corresponds to an
infinite slope with a cut or with an embankment. In the special case
when the infinite slope is a horisontal surface, the solution pertains to
a half-plane with a cut (canyon) or with an embankment (dam).

Assume that an infinite slope with a curvilinear boundary (see FFig.
1)* is in an uniform field of gravity and seepage. All the components
of the stress state are determined for any point of the slope in accord-
ance with its geometric parameters and the physical characteristics of the
rock. -

The solution of this problem should satisfy the equations of equi-
librium (1), where 33, a9 and Ty are components of the stresses, and X
and ) are components of the volume forces.

1 Assistant Professor, Senior Research Worker, Moscow Institute of Civil Engi-
neering.

2 Senior Engineer, All-Unicn Research Institute of Hydrogeology and Engineering
Geology (VSEGINGEO), Moscow.

3 Figures and formulas see pp. 81-—86.
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and 2 angle between the direc-
o the slope, the volume forces will
* is the unit weight ol submer-
and { is the hydruulic gradient,

the slope by formula (3)

If 3 is angle of slope inclination
sion of seepage flow and the normal t
be expressed by equations (2). where 3
ged soil; 7, Is the unit weight of water, ]
determined depending on the inclination ol
proposed by Sobolevsky (CoGoaescknit, 1969). '

To get rid of the right-hand side of equation (1). the
(4) is made, where 3. 3, and = are certain particular solutions u_f equa-
tion (1) which characterize. in our Casc. the stress state of a weighable
infinite slope without cut and with no seepage flows: :lml_s\. sy and Ty
are supplementary stresses resulting from the presence ol 4 cut and
seepage flow (Mycxeaiusnai, 1968).

Particular solutions are obtained in the
coefficient of lateral pressure of the soil. The supplementary siresses g,
s, and =, now satisiy the homogeneous equations (1). The boundary
conditions should be determined by formulas (6) and (7).

The infinite slope with a curvilinear boundary (semi-infinite region
S) is described in complex plane Z by equation (8), where ¢ is the pro-
portionality factor; & is a constant value; 3 and 7 are real variables.

At — 1< 6<0, the region is a hali-plane with a cut. The depth 7 of
the cut equals bc and the radius of curvature at the base is obtained by
formula (9). When #=0 we have a hali-plane and when 5>0 we have
a half-plane with a convexity. The ratio of the depth of the cut to its
radius of curvature is determined by equation (10). It may be noted that
formula (8) follows from relationship (11) which maps the lower half-
plane onto region S. Using Euler's formula, and taking into consideration
that relationship (12) is valid for boundary points, the boundary condi-
tions can be written in the complex form (13). Using the well-known
boundary conditions (14) (Mycxeanmsuan. 1968) and their conjugates,
as well as the properties of integrals with Cauchy kernels, equations (15)
and (16) for the complex potentials ®(3) and W(:) are obtained, where
Jy and J, are determined by integrals (17).

Substituting equation (13) and its conjugate into (17) and integrat-
ing from— - to-}-= expressions (18) and (19) for J/, and J, are obtained.

Supplementary siresses are determined in curvilinear coordinates
according to the known formulas (20) (Mycxeanmwsuan, 1968), using the
previously found relationships (15), (16), (18) and (19). Further particu-
lar solutions (5) are expressed in curvilinear coordinates by means ol re-
lationships (21). Finally, the supplementary and particular solutions are
combined in the form (22) to obtain the components of the stresses in
curvilinear coordinates.

Thus, expressions are obtained in the closed form for determining
all the components of the stress state of an infinite slope, having a cur-
vilinear boundary, subjected to a field of gravily and seepage. For prac-
tical application of the obtained solutions, it proves expedient to tabu-

substitution

form of (5), where A" is the
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late them and to present them in the form of curves (stress isolines).
This can be easily done by digital computers.

A M—20 digital ‘computer was programmed for the obtained solu-
tions and a number of examples were calculated for an infinite slope.
Figures 2, 3, 4 and 5 illustrate curves in the form of isolines of maxi-
mum tangential stresses with and without forces of seepage. The isolines
of maximum tangential stresses indicate a heavy concentration of tangen-
tial stresses at the base of slopes, thereby confirming Ter-Stepanian’s
(1963) hypothesis of the depth creep of slopes. The presence of seepage
forces deteriorates the stability of a slope.
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