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DETERMINATION OF THE SLIDING STATE OF THE SOILS OF THE
SHYMBULAK SLOPE WITH THE DEVELOPMENT OF THE CRITERION
OF FAILURE

On the basis of the known criterion for the destruction of Coulomb Mor applied to soils of isotropic
structure, developed the general criteria for the destruction of stratified, anisotropic, inclined layer
of soils. New expressions were obtained to determine the parameters of the mechanics of disruption
allowing not only the direction of disruption, but also the possible distribution of dislocations along
the layers of soil and perpendicular. Applying the proposed criterion, the problem of determining
the stressful condition of the soils of the dangerous rock slope of the slope, and on the joints of soils
of different geological structure, such as eluvium and delta. The results of the analysis are presented
in the form of tables, diagrams and graphs. Deductions are made on the reliability of the proposed
approach to the solution of the problem on the determination of the precondition of the soil of
mountain slopes. The first part of the work describes the different categories of communication
conditions. The second section gives various examples of the construction of individual elastic
curved joints and their connections, supplemented by certain connection conditions of the limit
problem. The result is a numerical calculation of the natural frequency of free oscillations of the
joints of elastic bent joints.

Key words: slope, soil, layers, stress, anisotropy, landslide.
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IIIBIMBYJIAK BOKTEPI TOIIBIPAKTAPBIHBIH KOIITKIH >KAFJIANBIHIA
BY3bIJIY KPUTEPUNIH O3IPJIEY APKbIJIbI AHBIKTAY

M3orponTsl TonbipakTap a KosganbuiaTeia oenriii Kymon Mopabia 6y3bLty KpuTepuiti Herisinmae
KYPBLIBIMbI KATIAPJIBI, aHU30TPOITHI, KOJIOEY KadATThI TOIMBIPAKTAD YIIIH YKAJIbIIAHFAH OY3bLITY
KPUTEpHi Kacasibl. By3blTy MeXaHUKACHIHBIH [TapaMeTPJIePiH aHBIKTAUTHIH XKaHa OPHEKTED aJIbIH-
b1, 6yJ1 TeK OYy3BLIYIbIH Tapasay OarbIThIH FaHa €MeC, COHBIMEH KaTap OY3bLIy CHI3BIFBIHBIH TO-
IBIpaK KabaTTaphl OOWBIMEH KOHE OFaH MEPIIeHINKY/IIp OONBIHIIA TapaaybiH /18 AHBIKTAyFa MYM-
KiHJTIK Oepe/ii. yChIHBLIFaH KPUTEPUHI KOIJIaHa OTBIPBII,KOJI0€y TOCEHIMTEPiH KOIIKiHre OeftiM Tl
Tay OeTKeiiHeri »KoHe 3JIIOBUIl MEH JIEeJIOBUIl CUSIKTHI OPTYPJI TEOJIOTUSIIBIK, KYPhLIBIMIAPIbIH,
TONBIPAKTAPBIHBIH, TYHICKEH YKePJIEePIHAET] TOMBIPAKTAP/IBIH, CTPECC YKAFJIalbIH aHbIKTAY Moceseci
menrgi. Tangay HoTmKesepl Kecresep, chi3baap koHe rpaduKTep TYpiHIe oChIHbLIFaH. Tay
OeTKeitTepi TOMBIPAKTAPBIHBIH KOIIKIH aJIIbIHIAFDI YKAFTAMBIH AHBIKTAY MOCEIECIH IIMenryre ycbi-
HBIJIFAH TOCLIJIIH, CEHIMIJIT TypaJjbl KOPBITHIH/IBI 2KacaIaIbl.
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ZKympicThin Gipinmt Oesrimi OGaltylaHbIC MAPTTAPBIHBIH, OPTYPJI KATErOpUsJIaPbIH CUTIATTAMNTHI.
Exinmi 6esiMae meKTiK ecenTin 6eriai 6ip 6aiiiaHbIic MapTTapbIMEH TOJIBIKTHIPLLIFAHIAFBI JKYKA
CepriM/Ii MiJITeH ©3€eKTep MEH OJIap/IblH OaillaHbICTAPBIHBIH KOHTPYKIMSIAPBIHBIH, 9PTYPJl MbI-
casitapsl KesaTipiared. KopbITeIHABIIA cepIiMIl 2KyKa UiJINeH ©3eKTePiH Tyiicmesnepinin 6oc Tep-
GesicTepiHil TAOUFN YKULIINH CAHIBIK €CenTeyi KeJITipiareH.
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OIIPEJAEJIEHUVE OITIOJISBHEBOI'O COCTOAHUNA T'PYHTOB CKJIOHA IITBIMBVYJIAK
C PABPABOTKOM KPUTEPUSA PA3SPVIIIEHU Y

Ha 6aze usBectHOTO Kputepusi paspyiinenus Kymona Mopa mnpumeHsieMoro Jijis TPYHTOB H30-
TPOITHOTO CTPOEHUsl, pa3paboTaH OOODIIEHHBIN KpUTEPHUil paspylleHns JJisi TPYHTOB CJIOKCTOIO,
AHU30TPOIHOr0, HAKJIOHHO CJIOUCTOTO cTpoeHus. [losydeHbl HOBbIe BbIpajKeHUs I OIpejesie-
HUA IIapaMeTPOB MEXaHUKH Pa3pyIIeHUsd IIO3BOJIAIOIINX OIPENEe/IMTh He TOJIbKO HaIlpaBJICHUE
pacipocTpaHeHus pa3pylleHuii, HO U BO3MOKHOI'0O DACIPOCTPAaHEHUdA JIMHUUA PAa3pyNIeHUus BJOJb
CJIOEB T'DYHTA U NEPHEHIUKYIAPHO K Hemy. lIpmMeHeHMeM NIpeIIO’KEHHOTO KPHUTEPHUS DeNeHa
3a/1a4a 00 OIpeJieIeHuil HAIIPSI?KEHHOI'O COCTOsIHMSI I'PDYHTOB OIIOJI3HEOIIACHOI'O T'OPHOI'O CKJIOHA
HAKJIOHHOH CJIOMCTOCTH, W Ha CTBIKaX I'PYHTOB Pa3JIMYHOIO TIeOJIOTUYECKOI'O CTPOEHUd, THIIA
IIOBUS W JemioBus. llpuBomsarcst pe3ynabrarThl aHajgn3a B Buje TabJmi, SMOp U rpaduka.
Jenarorcst BBIBOABI O HAJIEKHOCTU IPEJJIOKEHHOI'O IOIX0a PEIIeHUs 3aJ[a9l 110 OIIPE/IETEHUIO
[IPE/IOTIOI3HEBOTO  COCTOSIHUSL TPYHTOB TOPHBIX CKJIOHOB. B mepBoil dactu paboThl OIMCAaHBI
pa3Hble KaTeropuu ycjaoBuit coobimerus. Bo BTOpoM pazjiesie MPUBEICHBI PA3JIUIHBIE MTPUMEPDI
HOCTPOEHUSI OTHEJIBHBIX YIPYTUX KPUBOJIMHEMHBIX COEJIMHEHUN U MX COeJIMHEHU, JIOOJHEHHbIE
HEKOTOPBIMH YCJIOBUSIMU CO€JIMHEHUS WpPeJIeIbHON 3a/aun. Pe3ynbTaToM sBIIsIeTCS YHUCIEHHBIN
pacdeTr cOOCTBEHHON YaCTOTHI CBOOOIHBIX KOJEOAHMI COEIMHEHNN YIIPYTUX THYTHIX COEIMHEHMUIA.

Key words: ck/oH, TPYHT, CJIOH, HAIPsXKEHIE, AaHI30TPOIINS, OIOJI3EHb.

1 Introduction

Due to the lack of a reliable criterion for the destruction of soils on slopes of complex structure,
it is still not possible to predict the landslide hazard of mountain slopes, at the immediate foot
of which there are buildings, houses, objects of the national economy and densely populated
areas. It is assumed that soil failure occurs when the value of stress concentration near the
heterogeneity of the soil structure reaches the maximum possible breaking stress. Despite
the large number of works on fracture mechanics, research in this area cannot be considered
complete, all the more complete, especially in the field of fracture mechanics on mountain
slopes, under the foundations of civil and engineering structures for various purposes.
The rapid development of computer technologies and methods of computer-mathematical
modeling makes it possible to solve specific practical problems with a high degree of reliability
in the application of the results. Among these methods of mathematical modeling, the most
widespread is the finite element method (FEM). Instantaneous, unexpected landslide masses
on the slopes represent a great danger and cause significant human and material damage. To
apply the results of the development of a new criterion, one of the specific mountain slopes of
the Northern Tien Shan, the Shym Bulak mountain slope, is considered. Landslides of various
types have often occurred here over the past decades. These include landslides, avalanches,
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embankments, and mixed-type landslides. This slope is located on a mountain gorge on a
mountain road between the Medeu dam and the Shym Bulak sports complex. The landslides
listed above occurred here in 2009, 2011, and in 2015, which are shown in figuresl. The types
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«Shymbulak

<= Mountain:resort
P e
— = 2

Figure 1: View from space of the Shym Bulak mountain gorges together with the Kishi
Almaty River and the road from the Medeu dam to the sports complex

and characters of landslides are as follows: a -2009, species before the landslide; b - and ¢ -
landslides and collapses of boulder soils in 2011; d - landslide deluvial soil masses 2015.

2 Materials and Methods

After finding the FEM values of the stress components in the elements o,, ¢, and 7,., the
values of the principal stresses and the directions of the main areas alpha are calculated
using the following well-known expressions of the theory of elasticity [6].

Oya + O¢ 1
Omax — yTh + 5\/(0’2 - 0-1:)2 + 47—3357
z x 1
Omin = 710 - _\/(Uz - 01)2 + 4Tz2x7 (1)

2 2

2 2T mazx man

tanQa — L,Tmam — &

0, — Oy 2

Values of normal stress components 0,5, 0, <z, Tatz across and along layers of isotropy
planes of transtropic array @, calculated using the following relations, after applying
transformation formulas /7/
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1 1 o C o
Onp = 5(00 +0,) + 5(00 = 0,) 08 2P + 7oy 5in 2, 2)
1 1 _ .o
Orp = 5(00 +0y) = (02 = 0,) cOS 2P — Ty SN 25, ()
1
Tots = —5(% — 0y) sin 2¢ + 7, cos 2p (4)

The values of the normal stress components o, o, 7,; at the main sites are similarly
calculated for the angle alpha using the following formulas

1 1 .
o, = 5(% +0y) + é(agg — 0y) o8 200 + Ty, sin 20,

1 1
ot = 5(‘% +0y) — 5(03: — 0y) €08 200 — Ty sin 20,

1 )
Tot = —= (0, — 0y) sin 2a + 7, cos 2av.

2

For any angle 0 < @ [€90°, which defines an arbitrary direction measured from the isotropy
plane © to the perpendicular to them, for breaking shear stresses, we determine using the
Casagrande Carrillo condition in the form [6].

Ta = Tmaz, L + (Tmax,]_[ - Tmaac,L)COSQa (5)

or

Ta = Tmaxz,900 + (Tmax70 - Tmaw,QOO)COSQa (6)

where 700 1[, t0Umaz, 1 are the experimentally determined critical values of layered rocks
for the cases overlinea = 0 and overlinea = 90°. Comparing the calculated values of the
maximum tangential stresses T,,q, according to (1) with their critical values according to (4),
we determine the zones of destruction of soils and rocks.

If T4z < Ta, then the state of the array is stable.

If Tyae > Ta, then the array is destroyed in the direction of the @ corner.

3 Simulation of the Shymbulak slope using FEM

For the transition to mathematical modeling of the Shym Bulak mountain slope, the following
calculation scheme was developed with a West - East view shown in Figures 2 below. Here,
the red dotted line shows the slope surface before the landslide, the blue dotted line after the
landslide, that is, the current state of the slope. Pebbles and other lines show the movements
of the landslide mass and their accumulation on the road. Figure 3 shows the design scheme
of the slope consisting of the joints of eluvium, diluvium and proluvium. It also shows the
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Figure 2: Cross-sectional diagram of the "Shym Bulak'"landslide, which consists of granite-
basalt rock, soil deposits on a steep slope, a road and the Kishi Almaty river
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Figure 3: Design scheme of the "Shym Bulak"landslide, prepared for finite element modeling

geometrical dimensions prepared for mathematical modeling. It covers all real natural objects
with exact dimensions that are located near landslides and avalanches, shown in Figures 1.

Boundary conditions of the problem. To solve this problem, mixed boundary conditions
in stresses and displacements are set. On the two lateral boundaries there are no horizontal
displacement components (U = 0), based on the computational domain, there are no vertical
displacement components (V' = 0), everywhere at the upper boundaries, there are no normal
stress components on the free day surface (a,, = tan,, = 0).

The area shown in Figure 3 is divided into 1260 isoparametric quadrangular elements
with a total number of subdivisions of 1334. Slope soils consist of varieties of loam obtained
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with mixtures of eluvial, deluvial deposits. Therefore, it has an anisotropic structure. The
strength properties of the soils of the slope are given in Table 1. Calculations for determining
the stress-strain state of soils on the ShymBulak slope were carried out by FEM algorithms
and work programs [6] - [9].

N— Angles

Young’s Modules, | Poisson’s L Volume FOIC_CS internal

Soils MPa Ratios Hoduies; weight silhesion, friction
MPa MPa vsrre

E, E, 4! 5 Gy Y Cy Cy Y1 | ¥2

Loam | 30.0 15.0 0.36 | 0.24 7.60 2.00 0.03 | 0.06 | 19 | 23
Loam | 12.0 8.0 0.39 | 0.35 3.40 0.94 |0.010 | 0.014 | 20 | 24

4 Results and Discussion

Results of calculated stress values o,, 0, 7., and Gpaz, Tmin, Tmae |6] for different zones and
slope layers are shown in Table 2.

The northern slope of the Shym Bulak landslide
5 . Components Main
Stress components in g ;
) stresses at the main sites,
zo | lay | clem S zo | lay | clem sites, MPa degree
ne er Ne \I‘\ Oz \I"\. 0z Trz ne Ccr Ne \-\ Trnax \I'\. T i \'\ Tmax \I‘\ o
Ne | Nep| 8 - | 045 Ne | Nes | 8 : . - 31
= - £ = g = H (3 ot !"
I 1 9 1.18 | -1.05 049 1 1 9 0.62 1.53 0.59 69
16 ; ;
2 17 | -1.67 | -2.23 | -0.44 2 - -1.47 | -2.16 (.85 4{?
18 -82
18
69 69
95 | - _().C 5 _5
m 1 73 0.95 | -0.49 0.90 1 1 7 1.57 )1
77
2 8L | 041 | -1.24 | -1.08 2 82 -0.55 1.01 =70
82
131 52
131 -3.86
1 oo | “2.57 | 2249 | 2.29 1 132 2.59 . 3.18 48
I 132 III 133 -3.48 m
2 139 g _— : : 139 ; 5 B 56
2 140 -2.0 | -2.61 | 1.82 2 140 -3.48 2.65 43
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5 Conclusion

By generalizing the critical criteria of fracture mechanics known for an isotropic medium,
analytical expressions are obtained that make it possible to determine the type of fracture
and opening of cracks propagating along and across the layers of the isotropic plane in a
transtropic massif. Thus, the proposed model, research methodology, calculations performed,
results obtained for one of the real slopes of the Northern Tien Shan show its reliability.
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