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GEOTECHNICAL RISK ASSESSMENT OF ROCK SLOPE STABILITY
USING NON-LINEAR STRENGTH CRITERION

Purpose. To assess the geotechnical risk of rock slope stability by empirical, numerical and Limit Equilibrium methods with
the generalized Hoek-Brown criterion as a strength failure criterion to encompass all structural and geomechanical parameters
influencing the stability of the open slope.

Methodology. The study conducted risk assessment in three steps: risk identification, risk analysis, and risk evaluation. First,
site observation and movement monitoring confirmed the real existence of instability risk. Then, from the in situ and laboratory
investigations, an empirical classification called Slope Mass Rating, SMR and a geotechnical model were obtained. Finally, a
quantification of this risk was evaluated using the limit equilibrium method and the finite difference method while considering the
nonlinear criterion of Hoek-Brown as a criterion of failure.

Findings. The non-linear generalized Hoek-Brown criterion can be used with some reliability in these stability studies since it
takes into account the conditions of the discontinuities and the rate of fracturing within the rock mass.

Originality. The method for geotechnical risk management was used based on the application of different approaches to quan-
tify the geotechnical risk induced by the exploitation of this open pit. To attain the objective, the following techniques were in-
volved: rock mass classification, geological strength index, limit equilibrium analysis. The philosophy of the research implies
combining geometrical, structural and mechanical parameters to assess the rock slope stability

Practical value. This work has allowed us to conclude that SMR classification can be used as a prior check taking into account
the structural and geometric context of the rock mass (orientation and integrity damage conditions, fracturing rates). The values
of the safety factors of the extended Janbu’s method and that of Morgenstern & Price are quite close to the method of finite differ-
ences (use of shear strength reduction technique)

Keywords: rock mass classification, rock quality designation, geological strength index, Hoek-Brown generalized model, safety factor

Introduction. The study of rock slope stability is a classical
problem in the geotechnical engineering. The rock slope insta-
bilities in the mining area are often spectacular and sudden
with dramatic consequences resulting in the economic chal-
lenge.

The assessment of the rock slope stability can be carried
out either by empirical, equilibrium or numerical methods
[1—3]. Rock mass classification is a means for the evaluation of
the performance of rock cut slopes based on the most impor-
tant inherent and structural parameters. Most of the classifica-
tion systems proposed worldwide provide a consistent means
of describing rock mass condition quantitatively [4].

Among these methods, we can distinguish Rock Mass
Rating (RMR) [5], Slope Mass Rating SMR [6] and Geologi-
cal Strength Index (GSY) [7] which are used in rock slope sta-
bility analysis [8].

In geotechnical point of view, the design methods for rock
slopes are divided into two groups [9]: limit equilibrium analy-
sis (LEA) and numerical analysis. Methods of limit equilibri-
um are widely used in the geotechnical engineering; they give
faster results but present shortcomings, in particular, regarding
the choice of slip surface (necessity to specify slip surface).
However, numerical methods can overcome these drawbacks
through the shear strength reduction technique [10, 11].

The Mohr-Coulomb rupture criterion is one of the most
used criteria in the analysis of slope stability; it is a linear cri-
terion characterized by 2 plastic parameters (cohesion and
angle internal friction). Hoek and Brown developed an em-
pirical criterion, which represents the nonlinearity observed in
rock mass behavior in experiments of rocks. The generalized
Hoek-Brown criterion [12] takes into account the degree of
fracturing, rock mass disturbance of and GS/.

The Kef Essenoun mine is part of the Djebel El-Onk
phosphate deposit located in southeastern Algeria, which rep-
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resents more than half of Algeria’s phosphate reserves. Since
2013, cracks and fractures have appeared along the west flank
of Kef Essenoun predicting a potential risk of sliding. The
company SOMIPHOS undertook studies to evaluate the state
of stability along the west embankment.

The aim of our work is to assess the risk of Kef Essenoun
open pit by empirical, numerical and Limit Equilibrium meth-
ods with the generalized Hoek-Brown criterion used as a
strength failure criterion to encompass all structural and geome-
chanical parameters influencing the stability of the open slope.

Methods. Appearance of cracks and fissuration can be
considered as instability indicators. Subsequently, deep inves-
tigations must be carried out: in situ and laboratory measure-
ments, through structural data and historical events, in order
to obtain an accurate geotechnical model.

Our objective is to evaluate the geotechnical risk associated
with Kef Essenoun open pit through a comparative assessment
of slope stability taking in account inherent parameters of the
geotechnical model by the empirical method (Slope Mass Rat-
ing), Limit Equilibrium methods and finite difference method.

This assessment involves three main steps, namely risk
identification, risk analysis and finally risk evaluation based on
a pre-established decision criterion (Fig. 1).

Risk Identification. Geological Perspective. The Djebel El Onk
deposit is in the south of Tébessa province (northeast of Algeria)
(Fig. 2, a) about 21 km to the Algerian-Tunisian frontiers. The
phosphate deposits of the Djebel El-Onk region is divided into
five mining districts (Consultant BRGM — SOFREMINES
1992: Djemi-Djema, Djebel EI-Onk North, Bled El Hadba,
Oued Betita and Kef Essenoun. It represents more than half of
the Algerian phosphate reserves. Kef Essenoun is located in the
extension of the southern Cretaceous anticline of Djebel El-
Onk. The Kef Essenoun deposit is one of the largest, with a pow-
er of 35 to 40 m of phosphate without intercalation of waste rock.

The Kef Essenoun deposit is made up from the bottom up
by the following lithological successions (Fig. 2, b):
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Fig. 1. Flowchart of assessment of Kef Essenoun open pit stability
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Fig. 2. Location map and geological area of Kef Essenoun open pit

- formations of the lower Thanetian (the wall of the phos-
phate beam) are represented by laminated matls;

- the phosphate bundle belonging to the upper Thanetian
is constituted by a single layer of phosphate without sterile in-
tercalation;

- at the roof of the phosphate beam, the calcareous-dolo-
mitic silex series of the Ypresian appears, above which the Lu-
tetian limestone is deposited locally, then the Miocene sands
and lastly the recent Quaternary deposits consisting essentially

of alluvial deposits. The total thickness of the sterile covering
varies from 40m in the north to 198 m in the south.

The pit is excavated as benches with slope angles of 75 to
85°, 15 m high, and 10 m wide. The depth of the base of mine
is90 m.

Site observations and inclinometer’s measures. Regular and
continuous field monitoring allows the detection of every
anomaly whose consequences could be catastrophic for the
technical and economic future of a mine. Generally, visual in-
spection, inclinometers, and laser scanning are widely used in
this field of detection and control.

In order to try to understand and measure the extent of
cracks observed since 2013, SOMIPHOS carried out a recon-
naissance and investigation campaign punctuated by on-site
observations (Fig. 3) and the installation of 2 inclinometers in
order to control and monitor the evolution of these fractures.

In addition to the visual observations, analysis of different
recordings on inclinometers at different dates indicates the
great extent of the propagation of these cracks and conse-
quently leads us to making in-depth analyzes (Fig. 4). Noui-
oua 2015 [13] concludes that the geometry and evolution of the
underground cracks are probably caused by recent landslides.

Risk analysis. Feedback. Historical events and back analy-
sis can bring more important information on the causes,
mechanisms and mechanical parameters relating to sliding
which occurred in the field. In September 2007 a landslide oc-
curred in the Northeast flank of the Kef Essenoun phosphate
deposit (Fig. 5) during which a mass of rocks estimated at
7.7 million m? detached and filled the pit. Expertise and sev-
eral investigations were carried out; Gadri [ 14] concluded that
the failure mode was a planar sliding, which occurred along
the layer of altered marls.

In our approach, since the failure was induced by the marl
layer, the slip plan mode will be taken into account as a starting
hypothesis.

Field investigations and laboratory testing. The character-
ization and classification of a massif involve the observation
and recording of structural surveys through different homog-
enous outcrops, which are supposed to represent each layer the
best, from the qualitative and quantitative point of view.

Detailed field investigations were carried out for accom-
plishing our objective. For geological investigations, the rock
mass was divided into homogenous regions representing the
layer of Lutetian limestone and recent quaternary deposits,
and the phosphate layer [5]. Characterizations were realized in
3 outcrops P1, P2 (for the complexity of the Lutetian lime-
stone layer) and P3 (phosphate layer).

With regard to laboratory tests, uniaxial compressive
strength, direct shear, and Brazilian tensile strength tests were
performed for the three layers.

Classification of the rock mass. The slope mass rating
(SMR) proposed by Romana (1985) [6] is obtained from the
basic RMR by adding a product of adjustment factors depend-
ing on the joint-slope relationship and adding a factor depend-
ing on the excavation method

Fig. 3. Cracks propagation in Northwest flank of Kef Essenoun
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Fig. 4. Inclinometer profiles

SMR= RMRygic + (Fy - Fy - F3) + F, (M

where RMR,,;. is Rock Mass Rating basic [5], based on the
summation of 5 parameters in order to produce a final rating
and whose parameters are:

- the unconfined compressive strength of intact rock (4,);

- rock Quality Designation (RQD) (4,);

- the spacing of discontinuities (4s);

- the condition of discontinuities (4,);

- groundwater conditions (4s);

F,, F,, and F; are adjustment factors.

F, established empirically depends on the parallelism be-
tween the directions of the joints and the slopes.

F, = (1 -sinA)?, 2

where A is the angle between the directions of the joints and
the slope.
F, depends on the dip of the joints for the plane rupture mode

F=1g’pj, )

where [}/ is the dip of the joints.

F; is related to the relationship between the slope of the
embankment and the dip of the joints. F, takes into account
the excavation method

The output results of SMR and RMR classification are
shown in Table 1.

The results show that the layers of limestone and phos-
phate are stable with respect to the orientation of the slope
whereas the marl layer is totally unstable. According to SMR
classification, the probability of a planar failure is 90 %.

Geotechnical model. The assembly of all the data collected
through the different models (geological, structural, hydro-
geological and rock mass) for each layer allows the generation
of a reliable geotechnical model for the verification. The GS/is
calculated by the relationship proposed by Hoek [15]

GSI = 1.5 * Jeondg + ROD)2, @)

where Jecondyy or (A,) is the joint condition rating defined by
Bieniawski [5].

The GSI values are presented in Table 2.

Generalized Hoek- Brown criterion (GHB). The generalized
Hoek and Brown strength criterion was used [12]. The expres-
sion of this criterion is

a
o
G, =G3+Gci(mb—3+SJ , 3)

ci

where 6, and o are respectively the effective major and minor
principal stresses of the rock mass at failure; m,, s and a are the
GHB input parameters depending on the fracturing degree of
the rock mass and can be estimated from the GSI, the distur-
bance factor D, and the material constant of intact rock mi,
given (compressive stress is taken to be positive); o,; is the uni-
axial compressive strength of the intact rock.

= m ex GSI-100 ). ©6)
Fig. 5. Landslide of 2007 =M OXP\ e )
Table 1
The Rock Mass Rating (RMR) and Slope Mass Rating (SMR) classification values
RMR Classification value
Position The unconfined compressive . . Joint Groundwater .
N° Rock type strength of intact rock RQD Joint spacing condition condition RMR basic
P1 Limestone 4 13 15 25 15 72
P2 Phosphate 2 17 15 20 15 69
P3 Marl 2 8 8 10 15 43
SMR Classification value
Rock type RMR | Dipdirection | Dip Dip direction of the slope Dip of slope F, F, F; F, | SMR
Limestone 72 95 75 160 70 0.15 1 -6 0 71
Phosphate 69 70 65 160 70 0.15 1 -25 0 65
Marl 43 145 60 160 70 0.7 1 -60 0 1
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Table 2
The Geological Strength Index (GSI) values

Rock type ROD GSI
Limestone 70 72.5
Phosphate 76 68
Marl 40 35
GSI -100
s=exp| —— |; 7
p( 9_3D J (7

11 GSI 20
a—2+6{exp[—15j—exp(—3ﬂ. ®)

The advantages of GHB criterion are [12]:

- it is non-linear in form, which agrees with experimental
data over a range of confining stresses;

- it was developed through an extensive evaluation of labo-
ratory test data covering a wide range of intact rock types;

- it provides a straightforward empirical means to estimate
rock mass properties;

- there is almost three decades’ worth of experience with its
use by practitioners on a variety of rock engineering projects.

All parameters required in the geotechnical model based
on the generalized Hoek-Brown criterion were calculated by
the RocLab software and are summarized in Table 3.

Risk evaluation. This evaluation will be based on the com-
parison of the safety factors calculated by the methods of two
different approaches: Limit Equilibrium Analysis and numeri-
cal methods through the finite difference method (FDM). In
this work, the acceptance criteria from the safety factors will
be established as follows: under static loadings, FOS must be
greater than 1.2 in short-term stability and greater than 1.35 in
long-term stability; under pseudo-static loadings, FOS must
be greater than 1.1

Slope stability by Limit Equilibrium Analysis. The Limit
Equilibrium Analysis (LEA) permits determining the safety

factor of the slope based on the limit equilibrium plastic con-
cept. LEA uses representative geometry, material and/or joint
shear strength, material unit weights, groundwater, and exter-
nal loading/support conditions to determine slope safety fac-
tors based on a set of simplifying mechanical assumptions [16].
The hypothesis of plane sliding along the layer of marls was
considered by the choice of two surfaces crossing the marl
layer (Fig. 6).

The simplified and extended Janbu’s (1954—1973), and
GLE/Morgenstern & Price methods were chosen and tension
crack in the top of the slope was taken into account.

Calculations were performed using software SLIDE [17].

The results obtained after calculations in both cases and
through all the calculation methods used showed that the
slope is in a critical state and that the choice of the marl layer
as slip surface turned out to be logical and confirms the results
obtained by other approaches. Different factors of safety val-
ues are presented in Table 4.

Slope stability by Finite Difference Method (FDM). The Fi-
nite Difference Method is a very efficient numerical method
used in slope design. Like the finite element method (FEM),
FDM uses the Shear Strength Reduction Method (SSR) [18].
The safety factor of a slope can be computed by reducing the
shear strength of the rock in steps until the slope fails. The fail-
ure surface is determined by the strain and stress field.

In our case, the stability study is carried out by FLAC soft-
ware [19] which is a continuum code that assumes the mate-
rial is continuous and divides the rock mass into elements.
Each element is assigned by a material model and material
properties (Fig. 7). The mesh density was fine.

The results obtained by FLAC give a factor of safety FOS =
= 1.20, which indicates a critical, state in short-term under
static loadings. The failure surface established by the SSR
method indicates that the initialization of the movement was
triggered with the continuous propagation of cracks located at
the escarpment (Fig. 8).

The FDM also shows that the instability of the slope is due
to the layer of marl.

The comparison of the different security factors obtained
under static loadings by two different approaches indicates that

Table 3

Geotechnical model parameters associated to the Hoek Brown Criterion

Parameters Layers
Limestone Phosphate Marl
Hoek Brown Sei 50 MPa 13 MPa 10.2 MPa
Classification GsI 7 68 35
m; 9 8 7
D 1 1 1
Hoek Brown my 1.21802 0.813611 0.067411
Criterion s 0.00940356 0.00482795 1.97E-05
a 0.50116 0.501579 0.51595
Failure Envelope Application Slopes Slopes Slopes
Range 31 1.88411 MPa 1.46268 MPa 1.15856 MPa
Unit Weight 0.026 MN/m? 0.023 MN/m? 0.021 MN/m?
Slope Height 90 m 90 m 90 m
Mohr-Coulomb ¢ 1.03928 MPa 0.349295 MPa 0.0842331 MPa
Fit [0} 42.3732 degrees 30.7468 degrees 12.9528 degrees
Rock Mass S —0.386019 MPa —0.0771417 MPa —0.00298547 MPa
Parameters 5, 4.82243 MPa 0.895711 MPa 0.038118 MPa
Sem 8.10498 MPa 1.6803 MPa 0.316277 MPa
E,, 2833.43 MPa 2316.41 MPa 394.03 MPa
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Table 4
Computed factor of safety from SLIDE
Safety factors
Methods FOS (Search FOS (Search
block polyline 1) | block polyline 2)

Janbu’s method 1954 1.082 1.095
Extended Janbu’s method 1973 1.147 1.165
GLE/Morgenstern and Price’s 1.139 1.172
method

the state of the quarry is critical in the short term and could
lead to high risks in the long term especially in dynamic load-
ings.

The extended Janbu’s method 1973 and GLE/Morgen-
stern and Price’s method for slip surface 2 gave safety factors

Fig. 7. Model of Kef Essenoun built by FLAC with fine meshing
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Fig. 8. Calculation of the safety factor and initialization of slid-
ing movement by the Finite Difference Method

quite similar to that of the method of SSR technique. This
shows that the prior choice of the sliding surface fits well with
the reality.

Through the observations on site and all the evaluations
made, we can conclude that the cracks observed are the result
of the tensile state following the slip of 2007 and that the mode
of exploitation from bottom to top which is in contradiction
with mining art has also contributed to their spread (not to
mention the dynamic loadings).

From geotechnical point of view despite the economic
challenges, the exploitation of this part of the mine must be
suspended.

Conclusions. This study attempts to assess the geotechnical
risk associated with Kef Essenoun open pit. Risk management
allowed us to draw the following conclusions:

1. Control and monitoring are crucial to monitor the prog-
ress of work and predict instabilities especially for large-scale
projects.

2. The classification of the rock masses can give a quantita-
tive aspect to the collected observations and therefore estimate
the stability status of the rock mass in advance.

3. The construction of the geotechnical model is a very im-
portant step where all the data related to the geology of the
site, the structural aspect, the hydrogeology and the rock mass
itself, must be superimposed in a single unit qualitatively and
quantitatively.

The non-linear model by Hoek-Brown can be used with
some reliability in these stability studies.
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Merta. 31iliCHUTH reO0TEeXHIYHY OLIHKY PU3UKY CTilKOCTi
MMOPOIHOTO YKOCY 3a IOTIOMOTOI0 eMITipUYHOTO Ta YMCETBHO-
IO METOliB, a TAKOX METOJy TPAaHUYHOI piBHOBArH 3 y3arajib-
HeHUM KpuTepiem Xoeka-bpayHa gk KpuTepiro OLliHKYU pyii-
HYBaHHS, 11100 OXOIMUTU BCi CTPYKTYPHi Ta FeOMEXaHiuHi na-
paMeTpH, 1110 BIUTMBAIOTh Ha CTAOIIbHICTh BITKPUTHUX YXWITiB.

MeTtoauka. Y [OCTiIKEHHI MpoBeeHa OlLliHKA PU3UKY Y
TPU €TaIlu: BUSHAUYCHHS PU3MKIB, aHaJIi3 PU3MKIB i IX OLIiHKA.
Tlepun 3a Bce, criocTepekeHHs 3a TiISTHKOIO 1 BiICTEXKEHHS
PYXy MiATBEPAWIN OiliCHE iCHYBAaHHS PU3MKY HECTaOIbHOC-
1i. [loTiM 3a pe3yabTaTamMu JIOKQIbHUX i TAOOPATOPHUX [10-
CJliKeHb Oy/IM OTpUMaHi eMmipMyHa Kiaacudikallist mimx Ha-
3B010 ,,MacoBa wmBuikicte yxuny“ (MLLY) i reorexHiuna
monenb. Ha 3akiHueHHs1 Oyia mpoBefeHa KiJibKiCHa OLliiHKa
PU3UKY i3 3aCTOCYBaHHSIM METONY TPaHWUYHOI piBHOBaru
(MTI'P) i meTony ckiHueHHUX pidHULL (MCP) 3 ypaxyBaHHAM
HeniHiltHoro kputepito Xoeka-bpayHa B SIKOCTI KpuUTepito
pYVHYBaHHS.

PesyabraTu. Heninilinuit kpurepiit Xoeka-bpayHa moxe
OyTU BUKOPUCTAHUH 3 MEBHUM CTYIIEHEM HafiifHOCTi B JaHO-
My JOCTIIKEHHI CTaOlIBHOCTI, OCKIJIbKU BiH yPAaXOBYE MOPY-
LIEHHS LTICHOCTI Ta LIBUAKICTb YTBOPEHHSI PO3PUBIB y IO~
pOnHill Maci.

HaykoBa HoBusHa. [lojsirae y BUKOPMCTaHHI METOIY
YIPaBTiHHS TEOTeXHIYHUMU PU3UKAMU, 3aCHOBAHOMY Ha
MpU-TpaHcHOPMaLIiTHUX 3MiHAX PI3HUX MiIAXOMiB A0 KiJbKic-
HOI OLIIHKM T€0TEeXHIYHUX PU3UKIB, 1110 BUHUKAIOTb ITPU PO3-
pobui 1poro kap’epa. s goCSIrHEHHsT MeTU OyJIM 3amistHi:
KJacudikallist MOpoaHUX Mac, TeOJIOTTYHUI iHAEKC MilTHOCTI,
aHaJi3 rpaHUYHOI piBHOBaru. OCHOBHI MOHSITTS TOCIiIXKEH-
HsI MAIOTh Ha YBa3i 00’ €THAHHS TEOMETPUIHUX, CTPYKTYPHUX
i MeXaHIYHUX MapaMeTpiB 33151 OLIHKW CTA0IbHOCTI YXWIIiB
TOpif.

IIpakTiyna 3HauumicThb. {laHa poOoTa 103BOIMIIA TPUNATH
JI0 BUCHOBKY TIpo Te, 110 kinacudikauis MIIY Moxe 0ytu
BUKOpPHMCTaHa B SIKOCTi IMOMNEPeIHbOI MepeBipKu, 0epyuu 10
yBaru CTPYKTYpPHiI W reoMeTpuyHi OCOOJIMBOCTI MOPOIHUX
Mac (YMOBHU Opi€HTaLlil Ta MOPYLIEHHS LiJIICHOCTI, IIBUI-
KiCTb YTBOPEHHS PO3pUBiB). 3HaueHHs KoedillieHTa CTiii-
KocTi MoaudikoBaHoro Meroay rKaHOy Ta meromy Mop-
reHiirepHa i Ilpaiica nocuth GJM3bKI 10 METOLY CKiHUYEH-
HMX Pi3HUIIb (3aCTOCYBAHHSI METOMlY 3MEHILIEHHST 300paKeH-
HSI MeXi MIITHOCTi Ha 3pyILIEHHS).

KunrouoBi cioBa: kaacughixauis nopoonux mac, NOKA3HUK
MiyHocmi nopio, eeonoeiuHuil iHOeKkc MiyHOCMI, y3aeanbHeHa
Modenv Xoeka-bpayna, koegiyienm cmitikocmi
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Iemb. OcylIecTBUTh TEOTEXHUYECKYIO OILIEHKY pPHUCKa
YCTOMYMBOCTH TTOPOJTHOTO OTKOCA C TOMOIIBIO SMITUpUYE-
CKOT'O 1 YMCJIEHHOTO METOIOB, a TAKXKE METO/a MPEIebHOrO
paBHOBecHs ¢ 0000IIIEHHBIM KpuTepreM Xoeka-bpayHa Kak
KPUTEPUST OLIEHKU Pa3pylIeHUsI, YTOOBI OXBATUTH BCE CTPYK-
TypHBIE M TeOMEXaHNYeCKHE ITapaMeTphbl, BIUSIONINE Ha CTa-
OWIIBHOCTH OTKPBITHIX YKIIOHOB.

Meroauka. B uccienoBaHuu npoBeieHa OLieHKa pUCKa B
TPM 3Tara: onpenesieHrsI PUCKOB, aHAJIN3 PUCKOB U MX OIIEH-
ka. [Ipexnae Bcero, HaGMOAEHUE 32 YIACTKOM U OTCIICKUBA-
HME IBWXEHUST TTOATBEPIUIIN IeHCTBUTEIEHOE CYIIIECTBOBA-
HUe PUCKa HECTAaOWJILHOCTU. 3aTeM MO pe3yIbTaTaM JOKalb-
HBIX 1 TaOOPATOPHBIX UCCIIETOBAHNY OBLITH TTOJTYIEHBI SMITH-
puueckas kiaaccuduKalus Moja Ha3BaHueM ,,MaccoBasi CKO-
pocTtb ykioHa®“ (MCY) u reotexHuyeckast Mmoaenb. B 3aximo-
yeHue OblIa Mpou3BeeHa KOJMYECTBEHHAs OlIeHKa prCcKa ¢
TIPUMEHEHNEM MeTona TpenenbHoro paBHoBecusi (MITP) u
MeTola KOHeYHBIX pazHocTeil (MKP) ¢ yueToM HelMHEHOTO
KpuTepus XoeKa-bpayHa B KauecTBe KpUTEPUS pa3pyIICHMSI.

Pesyabratel. HenuHelinbiit kputepuii Xoeka-bpayHa
MOXKET OBITh HMCIIOJB30BaH C ONPEHCICHHON CTEIeHbIO Ha-
NIEKHOCTU B JaHHOM MHCCJIEIOBAaHUM CTaOUJILHOCTH, MO-
CKOJIBKY OH YUUTHIBAET HapyIIEHKE IIEJIOCTHOCTU U CKOPOCTh
00pa3oBaHUs pa3pbIBOB B TOPOAHOI Macce.

Hayunaa noBu3na. COCTOMT B MCITOJIb30BAaHUM METOIA
yIpaBJIeHUs] TEOTEeXHUYECKUMU PUCKaMM, OCHOBAaHHOM Ha
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MPUMEHEHUN pa3IMYHBIX TIOOXOIOB K KOJWYECTBEHHOM
OLIEHKE F€0TEXHUYECKUX PUCKOB, BO3HUKAIOLIMX IIPU pa3pa-
00TKe 3TOro Kapbepa. st mocTrxKeHus Lev ObLIn 3aaeii-
CTBOBaHBI: KjIacCU(UKALMs IMOPOIHBIX MACC, I€O0JIOrMye-
CKMIi1 MHIEKC MPOYHOCTH, aHAJIN3 TIPEIEIbHOTO pABHOBECHSI.
OCHOBHBIE MOHSITUS UCCIEIOBAHMS TOIpa3syMeBalOT 00be-
IUHEHUE TEOMETPUUYECKUX, CTPYKTYPHBIX U MEXaHUYECKHUX
napaMeTpoB ISl OLIEHKU CTaAOUJIbHOCTH YKJIOHOB TTOPOI.
IIpakTyeckas 3HaumMocTh. [laHHasi paboTa MO3BOJIMIIA
MPUIATU K BBIBOIY O TOM, 4TO Kiaccudpukauus MCY moxer
OBITH UCITOJIb30BaHA B KA4eCTBE MPEABAPUTEIBLHON TTPOBEP-
KUY, IpUHUMAsI BO BHUMAHUE CTPYKTYPHbIE M F€OMETpUYE-
CKHe 0COOEHHOCTH TTOPOIHBIX MacC (YCJIOBUSI OPUSHTALIMY 1

HapyllIeHUs 11eJIOCTHOCTH, CKOPOCTbh OOpa3oBaHUS pa3phl-
BOB). 3HaueHUs KoadhduLreHTa yCTOMYUBOCTU MOAUDUIIM-
poBaHHOro Meroaa 2KaHOy u Meroga MopreHiuTtepHa u
IIpaiica nocTaTOYHO OJM3KU K METOAY KOHEYHBIX Pa3HOCTEM
(mprMeHeHue MeTola YMEHBIIeHUST U300pakeHUsT TIpeeia
MPOYHOCTU Ha CIBUT).

Kiouesslie cioBa: xiaccugukayus nopooHsix macc, noka-
3amenb NPOYHOCMU NOPOO, 2e0402U4eCcKUil UHOeKC NPOYHOCMU,
0000wennas modenv Xoexa-bpayua, kosgguuyuenm ycmoiuu-
eocmu

Pexomendosarno oo nybaixauii Ab6dasra Xagcayi. lama
Haoxodxucenns pykonucy 17.10.18.
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