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(nuwjht pwgwhwuph Ynnnwd  jwpdwdwnbdbnpdwghnu nwownh  nwpwddwu
ophuwswihnipniuubiph pwgwhwjndw, quwhwwndwt b [Gnuwjhtu pugwhwuph
Ynnh Yujniunwzjwu Gpypwdbfuwuhuywt dnnbih unbnddwt twywwnwyng: Hw
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, GSlI (Geological Strength Index -
) : ,

GSI

(S)CPTu (Cone Penetration
Test witn in-situ pore water pressure measurements)

CPTu

(S)CPTu
N

.1
hbwnwagnuinugniup® ubipewihwugnn SCPTu uwppwynpdwu dhengny
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awpdwlwt wphgdwynud mwppbip Gpypwswhwlwt ywpwdbupbpnd puwlwu
lnUwwoeh Slwynpdwt L dnnbjuwiht  hnwgnnigniiubph - Yuwnwpdwt
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wndbpubpp

Tw Yuwwwpybyp b LRwswpwih pwgwhwtph  hwpwy-wpldiywt Ynnh
oppuwyny, npp Yybpoht wumpbwup Ybpphu bgpwqgsdhg 50 b htinwynpnipjwu Ypw
nwpwdynwd £ hnphgnup ufuundwdp 25° phpnygwdp b 125 d punhwung
pwpapnipjwdp plwlw Gnuwjwusp, htusp gnyg £ wipdwd uy. 6-nuwd: <uwpwynp
uwhph dwybplunyeh dnunpwjhtu Yunp uwhnn quugywsdh wwunn wyphqdw)nid
plwywtu |ntwwuop hwwnd £ Jbpghuhu  wnwybjugnyt  pwpdpniginiup
punpnonn A Ybwnwd:  Yphwnplwlwtu ABC uwhph dwybplnyep npnadb) |
Yuyniunyzywt hwaywplwiht Geostudio dpwgph ogunyejwdp b ppdwd £ uljwnp
6-nwd, npnbin Gplnd £, np 125 d punhwuniyp pwpéapnigjudp  |GnUwwuohg,
pwgwhwtph Ynnh Ypw wgnnn tnwlynis yphgqdwgh hhdph AB pwpdpniginiup
L BD Ynnuh swihtpp, htush uwhdwuubpnd [Gnuwjwusp wagnnuw £ pwgwhwuph
Ynnh ypw (Yupdhp gnyuny wmbnwdwup), Yugdn § hwdwwywnwufuwtuwpwp,
90 L 165 d: LY. 6-hg bplnuw &, np puwlwu |Gnuwwusp (Yuuws gnyuny
wnbnwdwup) hp wdpnng dwywny sh wgnnu pwgwhwuph ptinuywsd Ynnh Ypw:

huswbiu Gpunwd | uy. 6-hg, pugwhwtuph CD Ynnh wwywpwihtu quugwdh
Yujniunypywt Jpw wgnnn ptwlwt [Gntwwush wwwpubpp Ggpugddws Gu
dhwju ABD Bnwulyjniu wyphqdw)ny:

Npnptiiny ABD  Gnwulyniu hhdpnd b 1 d wjunipyuwdp  wyphgqdwjnud
ubpwwpthwlyyws ptwyuu Gnuwjwush wwwpubph quugwdp, dhghlwulwu
dnntuynpdwtu hwdwp puunpdws Gpypwswihwywu 1:500 dwugnwph nbwypnd
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pwgwhwtph Ynnh ytphtu Ggphg wwpwddwsd ptwlwu Gnuwjwush hnphgnup
ulwwndwdp B =50, 45, 3840, 35, 30,25, 20, 15 L 10° phpnyejwl wulyniuubph
L pwgwhwuph UYnnh Jbphtu Uhohg hwodwsd' |[Gnuwwuoh wwpwddiwl,
hwdwwwwwuluwuwpwnp, A = 0, 25, 50, 75 L 100 Jd hbnwdnpnigyniutbph

nbwpnud:
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funpniggniihg Ywtudwd,  npnpdbp b jntwwtgh - wanbigniegniuhg - Ynnh
wwwnubpnud jwpywoényeniutbiph pwgwpéwl wpdtpubipp hwdwdwju  hwjinuh

.=° . X
/ .
npinbn o pwgwhwUpnwd  dhoynnwjht  [Gnuwht  wwwpwihu
quiugywdnud |1 .12« dnnbh unnpht hhduwydwfupnud
wnbnwnpyus wndhsutipny gpugywsd b . ) a2

puwlwu  wuwydwuubpnd  dhoynnuiht  [Gnuwhu

quugywdt b, hwjwuwp £ 2,31 g/ud’, vy . — hwdwpdbip Unyeh
) 1,70 / 3! -

1:500- :
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Puwlwu |Gnuwjwush wwppbp phpnyejwu wulnwutph hwdwp uy. 8-nui
ptpywd Lt pwgwhwuph Ynnnud pun npw pwpdpnyut Shghlwlwu
dnnbuynpdwdp  unwgywd  jwpqwdneniutbpp: Pwgwhwuph  Ynnh
Yujnwunyzywt  npnodwu hwdwp Ynnh wmwpppwywu  pinbubph  quitgywdhu
wuhpwdbon b gnuwpb] [Gnuwjwugh wanbignygnithg  wnwowgwd |pwgnighs
ptinudwdpubipp: Jbkipohuubtiphu npnadwl hwdwp dnnbjwjhu
htunwgnwnieniuubphg  Ynnh  wwwpubpnd  [Bntwwush  wgnbgnyesjwu
hwynuwpbnqwsd wpgwényeniutbph pwgwpdwl wpdtipuipp pugqdwwwnlynid
Gu  wju  pnlutph  hhdpGph  dwlbGpbutbpht,  npwbtn  dnnwhu
htwnwgnwnigjniuubpny  [bnuwwush  wgnbgnieniuthg  wdhsubpny  hwjuntw-
ptipyt) U jwpdwdnigyniuubip:

Uunnple wny. 1-nwd gnyg GU wipdwd Lwowpwuh pwgwhwuph hwpwy-
wpldijwt Ynnh ytnphtu thphg 50 d hbnwynpnipintuhg wwpwdynn [Gnuwjwush
25 pbpnyejwt nbwpnd Ynnh wwwpwiht quugwsdh Jpw pun funpnyeqwt
(nuwjwush Ynnuhg wagnnn jwpywdnyeniubipp W npw hhdwt Ypw ptwlwi
(nuwjwush  Ynndhg wwppwlwu  pnlubpht Ginfuwugywd  hwybijwg
pbnuywdpubinp:

Unjnwiwly 1

Pwgwhuwuph Ynnh hwawplyughte pinjubiph ypw Yutugws puwlwd

[Gnuwwugh wgnnn pinuywdphg dnnbinud b puwlwu wywjdwuubpnd
guwhwwnywd jwndwdnieyut wpdtipubipp nu thnfuwugynn hwybjwg

ptinujwdpubipp
/| 2 /I 2

1 2 3 4 5

1 182,91 28,14 19,09 16377,0
2 148,15 22,79 15,49 12753.4
3 113,39 17,44 11,82 8508,9
4 45,57 7,01 4,76 2967,2
5 a1 6,32 4,28 2763,8
6 36,63 5,64 3,87 2299,5
7 26,00 4,00 2,82 1549,6
8 3,23 0,50 0,34 922,3
9 0 0 0 0

10 0 0 0 0

Uny. 1-hg Gpunw E, np puwlwu Gnuwjwugp pwgwhwuph Ynnh Ypw
wannui £ dhusk npw 8-pn hwpdwplwihte pinbyp, pugh hhdpp guntiynud £
14



pwgwhwtph Ynnh 240 J pwpdpnipjwi Yypw: Puwlwu [Gnuwwish Ynndhg wny.
1-nd gnyg LU wpdwd hwybyw] pbnudwdpubipp, npnup gnudwpybine Gu
pwgwhwuph Ynnh htwpwdnp thiniqiwt  wphqiwih pwdwidwd nwppuwlwu
hwoywpYuwjhu Ne 1..8 pinyubiphu, husp ptpyws £ wny. 2-nud:

Npwbiu ophtiwy, wny. 2-nwd gnyg E nipqué hwpwy-wpldnjwt Ynnh yGphu
Ggpwadhg 50 d hbnwynpngntuhg twpwdynn b 25° pbpngjudp puwlwu
(nuwjwush  Yuyniunygjwt  hwodwpluwihu  wwpwdbnptbpp,  hwdwdwiu
ubpyuynuiu - hwypnuph dbpnnulwt gnignudubph wwhwbgubph L
wnbuwlununyeniund dpwldwd unp dninbignudubiph:

Mdtph  hwupwhwoywlwtu  gnwwpdwu  dGennh  uwhdwuwhu
hwlwuwpwlonnigjwt wwjdwuny Ynnh mwppwlwt pipnyubph ypw Gnuwwush
Ynndhg thnjuwugynn hwybijwy pbnujwoéptbipp hwoyh Gu wnuynuwd hbunlyw
wpunwhwjinnigjwdp.

_ G R+, R X o5ty X tgen + iy Co X I tgon X Ty Ny 4+ Gy X L

nlhn.
(R, P+ X, P x singg i1 Ti

npuibin A — Jwynnpiwt wwowph gnpdwlhgu | hwadh wnubing puwlwu
(nUwwouoh wudhowlwu wgnbgnipiniup, XL, B - wnwyb] jwpdwd uwhph
dwytipunyeny uwhdwiwhwyywsd b wwppwlwt  hwodupluwiht  pinyubph
pwdwuws thiniqiwl wphquwih  quiuqywdt £ w, X, P ntwpwugh
Ynndhg hwaduwnpluht pinlubiph ypw wannn pugnighs pintdwdph gnudwipuwght
quugywou £, w, I; - i-bpnpn wwppwlwt  hwaduwpluwht pnbh hhdph
Bplwpnigyniut £, d, o — i-Gpnpn. hwaywplwght pinyh hhdph phpdwl wuyniuu
£, wuwn, C, L ¢,— dwlwpwgiwt wwwpwjht quugywdh uwhph
nhdwnpnigjwt  punypwgphsubpt Gu  thnppugywd  Jujniingejut - wwpwnh
gnpdwlgh punniuywsd swihny, ik, N; — uwhph hwpenigwt Yypw pugwhwuph
Ynnh wwppwywu ppYubphg wnwewgnn gnwwpwihu Unpdw) ndbpu Bu
w, XL, T;— uwhph hwppnpwt Jpw pwgwhwuph Ynnh wwppwlwu
pinyubiphg wnwsewgnn gnidwnwiht uwhph nidbpt Gu wn:

Un. 2-hg Gpunwd E, np pwgwhwuph ybipht Ggnhg wwpwdynn pwlywu
(Gnuwjwuep dholynnuwyht |tnuwiht wwwpwiht quugqwdh pw wnwowgunud k
Inwgnighy pinuywdputin, dhugh hwadupluwiht nwppwlwt 8-pn pinyp, hugp
hwdwwwwwufuwunw E dhush pwgwhwuph hwpwy-wpldumjwu Ynnh 240 d
funpniginiup:
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10

11

12

13

14

15

16

=35-
= 984,58

0X1.=8,57

68,85

54,95

55,81

4954

52,59

49,95

49,64

49,71

49,83

49,61

49,76

49,68

49,73

49,91

49,70

57,39

. -87

30,41

87,40

139,75

179,16

181,19

176,92

171,01

163,19

153,49

141,86

128,62

113,58

96,94

78,65

58,60

37,23

/2

231

2,31

2,31

2,31

2,31

2,31

231

2,31

231

231

2,31

2,31

231

2,31

2,31

2,31

= 117.

25°

5 6 7 8 9 10
4,84*1658 45 070  339*1147 070  339%1147
11,09*17,73 42 0,67 7.43*8'54 0,74 821+9,44
18.02*8,54 40 064  1153*5-47 0,76  13.69*6,49
20.50%2,96 38 061 12, 1*181 0,79 16 *234
22.01*2'76 36 058  1277*160 081  1783*224
20.41%2,29 34 056 1143*128 083  16.94*190
19.61*1,34 32 0,53 10,39%*°82 0,85 16,67%4,92

18.74*®'92 31 0,51 9.56*0 48 0,86 16.12*0,79

17,67** 29 0,48 8,48 0,87 15,37%*
16,26** 27 045 7,32%* 0,89 14 47%*
14,78%* 26 044 6,51** 0,90 13,31%*
13,03*° 24 040 521%* 091 11,86%*
11,14%* 23 0,39 4,34%* 092 10,25*°
9,07** 21 0,35 3,17* 093 8,43%*
6,73** 19 0,32 2,15% 0,95 6,39%*
4,94* 18 0,30 1,48%* 0,95 4,69%*
7*31'47 s £ =1N.= 193.81*35"
= 1.011 | =1.136

X£=1" + X =0,7X229,8+ 857= 169,43
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wqrbignueiniup pugwhwuph® dhonnuiht wwwpwiht qugywsdh wnywdwht
Yhdwyh Ynus:

4. Pwowpwuh pwgwhwuph dhoynnuyht [Gnuwjht  wwwpwih
quuqywsh npwyh wwppbp hwwuh  dbennutpny  quwhwwndwu  hwdwihp
Jbpinwdnygjwu hpdwu Jpw  gnyg b owpdb,  np hwpwyd-wplduywo
woluwwnwupwihtu Ynnh Gnuwiht wwwpwiht quugqywdh Jhéwlh nwghntuwg
quwhwwndwu  hwdwp htwpwynp £ Yppwnbp <nihp GSI nuuwlwpgdwu
hwdwlwngp:

5. Uswlydt t Rwowpwuh pwgwhwiph Swownnibh wnblnnuwlwi
fugwdph 9phwgbigws W hwybjw) dwhnunlybuwiht dusndubpny’ snpbuwgqwsd,
Ynuunjhnwgywsd Yuywjhtu gpniunubph uwhph wdpnigjwt gnigwuhpubiph (Su) b
$hahlwdbfuwuhywywu dh swpp hwwnynyeiniutbph npnodwt inbuthYulwu
wnwowpynyeyntt, hhduywd Yudwihu gpnitntubpnd CPTu  dwdwuwlwlhg
dbpnnh Jpu:

6. Fuwhwwyt| £ Rwowpwuh pwgwhwuph hnnduwhwpywd dnugnuhwn-
ubpnd L gpwunnpnphnubpny ubpluywgqws sphnudws Ynnh' dhoynnwhtu
(Gnuwjht wwwpwihu quugywdnid, dguiwt jwpnwiubiphg wnwowgwd dbnpbph
qupgwgdw U thnfuwnups hwndwu unnphu W JGpht uwhdwutubpp:

7. Agdwu dtinptipny ubipyujwgqwd wwwpwiht quugywdh wdpniyjwu
ujwgdwt nbunywu Yhpwndwu nbwypnud' Rwewpwuh puwgwhwuph hwpwy-
wpldujwt Ynnh Yujniunyejut wwownh gnpdwlhgn, unwgynwd b uwiuwgdwihu
wnyjwiutiphg 30%-ny gwdp: Ttw pwguwnnpynwd £ spbntiywd Gpypwdbiuwuhlulywu
dhowyuwipnd  pwgwhwuph  hwwwynd  duwynpynn  dqdwu  jwpnwiubphg
wnwowgwd bbnpbph U npwugnud  pwpép  dwyninbuwiht optinh  Gupdw
wwinGwnny:

8. Uswlyty U Ywnnigyl b Swywjwihu Shghlwlwu dnnbjwynpdwu
Gnwswith uwnbun, husp hwdwéwju dnnbjwynpynn wypngbuubph udwunyjwt
swihwuhoubpht huwpwynpnigyntt £ wnwhu  |Bnuwjht pugwhwupbph
wuwydwuubpnd ndkine wpnpwlwu fuunpp' Yuwdwsd puwlwu [Gnuwwusny
pbnujwd pwgwhwuph Ynnnut jwpdwdnignitubph nbnwpwtudwu ophuwsw-
thnugyniubiph hwjunuwpbpdwt, npnodwt ne guwhwwndwy' huswbu twle Ynnh
Yuiyniunpywu hhduwynpdwt dbpnnh Gounnpjwt pwpdpwgdw hbwm:

9. Shghjwlywtu dnnbuwydnpdwi unp tnwswih unbunp Yupnn L Yhpwnyb)
twl vwlwlwpbp wwpwdputiph Yypw duwynpynn wwwpwiht pugqdwuinpbwu
(gwynyunbpnd  jwpjwdwihu nidbph wbnwpwfudwu npnpdwt U npw hbin
Gwwws' guwynynbph nwghntw] wwpwdbinpbph  Gpypwdbfuwuhlulwu
hhduwynpdwt wohuwwnwupubpnid:

10. dpghywlwu dnnbjwdnpdwi hwdwp punpdwsd hwdwpdbp uneh
$hahlwdbluwuplulywu b nbbnpdwghnt punyewqgpbpp npngyby G thnpp
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[wpnuwiubph Wywwdwdp qquinit ninpn b Grwnwugp Yupdwt jwpnpwnnp
thnpdwuwppbiph, huswybu twl  Gpypuwnbuuhuwlwu  hGuwgninngniuubph
Yuwuwwpdwu CPT uwppny:

1. Ywwwpdt b dnnbwynpdwu  dby  Yhpwndwd  wnbkugninghsubiph
unniqwswihnd,  hwdwnpbiny — wdhsh punniodwt dwybpbuh Ypw
hwwuwpwswih  pwotuwd wpnwpht  pinUdwt  quugywdhg  wnwowgwd
(npjwdnipjwt b hwdwnpdtp Unyeh dby wnbnwnpywsd unyu wnghsutiph dpw
(henuwwwnhly Gupdwt (yxh) wpdbpubpp, npnpdtp £ Uupwug dholt gqdwjht
Yuwiuywdnipniun:

12. Upwlyty &t pwgwhwuph wwwpwjht quugywsdh jwpywdwntdnn-
dwghnt dhdwlyh Jpw wqnnn pwgwhwuph Ynnh dtipht tigphg nwpwodynn
puwlwl Enuwjwush wnwybjwgnyu pwpapnipwi npnpdwt Gnwuwl, pun nph
pwgwhwuph Ynnp L npwuhg dbp wwpwdynn puwlwu  Gnuwwuep
nhunwplyynud £ npybiu wywpwiht quugwsdh Jd&y  Gpypwdbfuwuhlwlwu
wdpnnontEjnLu:

13. Upwyyb) Gu wjwiutph pwuly, npp htwpwynpniginiu £ wwihu
[Gnuwjwugh wwppbp pEbpnyenubph  nbwpnd  npngbkp dnnbGlh unnppu
hhduwlydwfupnwd hwdwndbp Unend wnbnwnpywd wndhsubpny  pwgwhwuph
Ynh U |EnUwwugh hwdwpdtp Unyebph  qwugywdubph  gnuiwpwihu
wpdtipubipp, puswbu twl  dnnbih unnpht hhduwydwfupnid wdhsubpph pw
(inuwjwush hwdwndbip ujneh pinuywdputiph dtdnyeniiutipp:

14. Swywjwhu $hghlwlywu dnnbjuynpdwdp «2wugbgniph MUY» PPL
Lwowpwuh  hwpwy-wpldnywu  Ynnph  pwpépngjudp  npnpdbp G wiju
uwhdwuubpp, npuintin |Gnuwwush wwwpwht quugqwdp wgnnu b pugwhw-
ph Ynnh wwwputiph jwpdwdwnbpnpdwghnt yhéwyh ypw: Lapghtubipu npnyty
Gu pwgwhwuph hwpwy-wpudwjwtu Ynnp Jbppu uhohg Jbp wwpwdynn
(EnUwwbeh phpnyzjwt twppbp wulnwutph W Ynnh ypht wunhéwuhg dhush
(nuwjwush uyhgpp tinwd wwppbip hbnwynpnienutiph nbiwpnid:

15. Unwowplyb) £ Gonnid dingub ubpyuwynwu (Gnuwjhu pwgwhwupbph
wwjdwutbpnd  Yppwnynn  Ynnbph  Yuininggjut npnpdwt dbpnnuiljuu
gnignudubpnud, hwodh wnubind plwlwt  (Gnuwwush wgnbgnieniup: Thw
Yuwuwwpynd £ pwgwhwuph Yujninygwt hwadwpluwiht tnnwppwlwi pinyubph
quugwsdhu gnulwpbiny (Gnuwwusoh Ynnidhg hnfjuwugynn pbnudwsépubipp,
hwiwdwiu  $hghywlwu dnnbjwynpdwu dwdwtwy unwgywsd jwpdwdniewu
pw2tujudniejwl ophuwswihnigniuubiph:
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OBAKHUMSIH BPEK BAPYKAHOBUY

TEOMEXAHUYECKOE OBOCHOBAHHUE YCTOMYNBOCTH
OCJIABJIEHHOI'O TEKTOHUYECKHNMHU PA3JIOMAMMU BOPTA
HAT'OPHOI'O KAPBLEPA

PE3IOME

OGoCHOBaHHE YCTOHUMBOCTH KOHCTPYKTHBHBIX 3JIEMEHTOB PACIIONOKEHHBIX CO
CIIOHBIMU peNbe(GHBIMU Y CITOBUSIMU IT'€OMEXaHMUIECKoit cpejie GOPTOB HAr OPHO-BBICOTHBIX
KapbepoB SBISIETCS OJTHA U3 BaXXHBIX IIpolleM ero OecriepeCoiHoit u  »ddekTHBHON
sKciuTyataryy. OIBIT SKCIDIyaTalldi TI0Ka3al, YTO TeoOMeXaHW4Yeckoe OCOCHOBaHHE U
OlIpeJieTIeHNe yCTOMUMBOCTH GOpTa HArOPHOTO Kaphepa ellle YCIOKHSETCs, Korjla Hajl
BepxHett GpoBKoi GopTa Kapbepa paclipocTpaHseTcs HEHapyITIEHHBIH €CTeCTBEHHbIH CKIIOH
TOPHBIX IOPOJ], YTO B  HAIPsHKEHHO-IehOpMUPYyeMOit cpejie Topoj Gopra HAaropHOTo
Kapbepa GopMHUpYeT I10JIe BBICOKUX HaIlPSKSHIE.

AHanu3 cyImecTBYOMIX paboT 10 OIIpeIeNieHIIo U 000CHOBaHMIO KosdduimenTa
3armaca yCcTOHIMBOCTH GOPTOB KapbepoB II0Ka3bIBaeT, YTO B HACTOSINEE BPeMsl U3BECTHBI
HEMHOT'OUHCIIEHHBIE HCCIIEOBAHMS, IJIe BBIIBUHYTA HJEI, YTO YCTOMUMBOCTH OOpTa
HAropHOro Kapbepa o0y cIIOBIEHa, TakKe, BIMIHUEM 1 IIPOCTPAHCTBEHHOTO PACIIONOKEHHS
€CTECTBEHHOT'O CKJIOHA IIPOCTHPAIOIIErocsl HaJl BepxHel OpoBKoit ycTya 6opTa Kapbepa.
OTO TpeIoNpeIeNUIo TIeh HACTOSIIMX HCCIEOBaHUM 3aKIIIOUaroIetics IyTeM MeTo/Ia
(U3MIECKOTO TPEXMEPHOTI'O MO/ICITIMPOBAHMS BBIIOIHUTH F'€OMEXaHUUeCKoe 000CHOBAHUE
YCTOMUMBOCTH I OIPEJENICHUS PAIlMOHAIBHBIX IIapaMeTpoB 0OopTa HarpykXeHHOTO
IIPOCTUPAIOIIMMCS HaJl BepxHel OpOBKO# Kapbepa eCTeCTBEHHBIM CKIIOHOM. B 5Toit cBsI3u
PEITeHBI PSL 3a/1a4, XapaKTepH3YIONIX HAayUHyIO HOBH3HY JHCCEPTaIOHHOH paboTel. B
YaCTHOCTH, pa3paboTaH cIroco0 HCCIEI0BaHUS HEKOTOPHIX  (DH3HUKO-MEXaHUIECKUX
XapaKTEPUCTUK TPYHTOB TEKTOHMYECKOTO HApyIEHUSI PacIlPOCTPAHSIONIErocsl 110/
ocnabneHHpIM GoproM Ka/pkapaHCKOro HaropHOIo Kapbepa ITyTeM IIPOHUKHOBEHHS
cTaTuyecKoro koHa. IlocTaBieHHBIE 3a]auu B JICCEPTAIMOHHON paboTe peEIleHbl Ha
OCHOBaHUM pPa3pabOTKU HOBOTO CTEHJa MOJIETUPOBAHUS TPEXMEPHOH KOHCTYKIMH C
WCTIONB30BAHUEM  SKBUBAJIEHTHBIX  MaTepuanioB.  OOBEMHBIMH  MOJIEIBHBIMU
HCCIIEIOBAHMSMY, B TOPHOM Macce 6opTa HCCiielyeMOro HaropHOro Kaphepa BBIIBIICHBI
HAIIPsHKEHUST BBI3BaHHBIE BIMSHUEM IIPOCTUPAIOIIErocs Haj BepxHeil OGpoBkoil Gopra
HAropHOro Kapbepa ecTeCTBEHHOTO CKIIoHa. 1Ipu sToM 1 mccieyemoro 6opra Kapsepa
olpe/ierieHa ITy OMHa U 30Ha paclIpOCTPaHEHNUS BIVISTHUS TUX HAIIpshKeHUH. [Tt co3iaHms
TeOMEXaHUIECKOH MOJIEH yCTOHIMBOCTH GOpTa HATOPHOT'O Kaphepa BBIIOIHEHBI, TAKKE,
¢dusnuecKkre MOJIETBHBIE HCCIEHOBAHMS C IIEBIO BBIIBICHUS 3aKOHOMEPHOCTEH
pacIpocTpaHeHHs HalIpsKEHHE B ITOpo/ax 6opTa HaropHOTo Kapkepa.

Co3jaHHbIl cTeH) (QU3MUECKOro MOJETHUPOBAHMUS MHOTOQYHKIMOHATHHBIH U
MOkeT OBITh HCIONB30BaH KaK IIPYU HCCIEJOBaHUN 3aKOHOMEPHOCTEH paclipe/ielieHusI B
SKBUBAJIEHTHOM MaTepualle JOIOIHUTENbHBIX HAIPSKEHUH BBI3BAHHBIX BEPTUKAIBLHON
HArpy3Koil €CTeCTBEHHOI'O CKIIOHa PacIIPOCTPAHSIONIErocsl OT BepxHel OpoBKH OopTa
Kapbepa, Tak U IIPU UCCIIEI0BAHIN HAIIPSKEHUN BO3HUKAIOIIX B MHOTOSIPYCHOM OTBaJIE,
OTCHIIAEMOT0 B YCIOBHSIX CIIOKHOIO pelbeda ropucToif MECTHOCTH.

TIpou3BOJCTBOM MOJIETBHBIX MCCIEAOBAHUN CTall0 BO3MOXKHBIM B YCIOBHSIX
HAarpy’K€HHOM TeOMeXaHWYecKoH cpelpl pa3paboTaTh pAJ  3aBUCUMOCTEH MEXIY
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BEPTHUKAILHO CKUMAIONIMMU HAIIPSHKCHUSIMH BO3ZHUKAIOIIMMY BIIMSIHUEM €CTECTBEHHOTO
CKIIOHa U BBICOTOH OopTa Kaphepa. [IpakTideckoe IpUMEHEHUS IIOCIEIHUX O3BOISET
MIOBBICUTH JIOCTOBEPHOCTh T'€OMEXaHHYECKOTO0 OOOCHOBAHHUS YCTOMYUBOCTH OTKOCOB
Kapbepa, a Take TOYHOCTH JICHCTBYIOIIMX B HACTOSIEE BpPEMS METOUUECKUX
PEKOMEH/IaIM 10 OIpEJENIeHNIO U O0OCHOBAHMIO YCTOHUMBOCTH OOPTOB HArOPHBIX
Kaphepos.

Tlo momyueHHHIM TpeXMEPHBIM (U3MUECKUM MOJIEIUPOBAHUEM MaTepyaiaM
pazpaboTaHa METOJMKa OIEHKH BIMSHUS Ha YCTOWUMBOCTH OOpTa HarOpHOTO Kaphkepa
IIPOCTUPAIOIIETOCS HaJ| BepxHel OpOBKOH HAaropHOTO Kaphepa €CTECTBEHHOIO CKIIOHA
TOPHBIX TI0OPOJI ¢ KOHKPETHHIMU I'€OMETPUUECKUMH ITapaMeTPaMH.

B pamkax templ puccepraiiiy orryOUMKoBaHo 10 HayuHBIX paGoT.
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HOVAKIMYAN VREZH VARUZHAN

GEOMECHANICAL SUBSTANTIATION OF THE STABILITY OF THE WALL
OF THE UPLAND OPEN PIT WEAKENED BY TECTONIC FAULTS

SUMMARY

Justification of the stability of the structural elements located with difficult relief
conditions in the geomechanical environment of the walls of the high-altitude open pits is
one of the important problems for the uninterrupted and efficient operation of mining.
Operational experience has shown that the geomechanical substantiation and determination
of the stability of the wall of a mountain pit becomes even more complicated when an
undisturbed natural slope of rocks spreads over the upper bench of the wall of the pit, which
forms a high stress field in the stress-strain environment of the rocks of the wall of the
mountain pit.

An analysis of existing works on the determination and justification of the stability
factor of open pit walls shows that at present there are few studies where the idea has been
put forward that the stability of a mountain pit wall is also due to the influence and spatial
arrangement of the natural slope extending above the upper bench of the pit wall. This
predetermined the purpose of the present research, which consists in using the method of
physical three-dimensional modeling to perform a geomechanical justification of stability
in order to determine the rational parameters of the wall loaded by the natural slope
extending above the upper crest of the quarry. In this regard, a number of problems have
been solved that characterize the scientific novelty of the dissertation work. In particular, a
method has been developed for studying some physical and mechanical characteristics of
soils of a tectonic disturbance propagating under the weakened wall of the Qajaran upland
quarry by penetrating a static cone. The above tasks in the dissertation work are solved on
the basis of the development of a new stand for modeling three-dimensional construction
using equivalent materials. In the rock mass of the wall of the studied upland open pit, the
volumetric model studies of stresses were revealed caused by the influence of the natural
slope extending over the upper bench of the wall of the upland open pit. At the same time,
for the studied wall of the quarry, the depth and zone of distribution of the influence of
these stresses were determined. Also, physical modeling studies were carried out in order
to identify distributions of stress propagation in the rocks of the wall of the mountain open
pit, to create a geomechanical model of the stability of the wall.

The created physical modeling stand is multifunctional and can be used both in the
study of distribution patterns in the equivalent material of additional stresses caused by the
vertical load of the natural slope propagating from the upper bench of the open-pit wall,
and in the study of stresses arising in a multi-benched rock wastes dumps located in
conditions of complex mountainous terrain.

In the conditions of a loaded geomechanical environment, the production of
modeling studies made it possible to develop a number of relationships between vertical
compressive stresses arising from the influence of a natural slope and the height of the open-
pit wall. The practical application of the latter makes it possible to increase the reliability
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of the geomechanical substantiation of the stability of open pit slopes, as well as the
accuracy of the current methodological recommendations for determining and
substantiating the stability of the walls of upland open pits.

Based on the materials obtained by three-dimensional physical modeling, a method
for assessing the impact on the stability of the wall of a mountain quarry, as well, over the
upper bench of a mountain open pit extends natural non-exposed slope with specific
geometric parameters has been developed.

10 scientific papers have been published on the topic ofthe dissertation.
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