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STABILITY ANALYSIS OF SLOPE SUPPORTED
BY PRESTRESSED ANCHOR PILE SLAB BASED ON FLAC3D

Abstract: Stability problems in high fill slope projects in mountainous and hilly areas have become a
key challenge affecting project safety. The article is devoted to discussing the existing research results
on the determination of potential slip surface, stability analysis, optimization of support structure
parameters, and numerical simulation analysis of high-fill slopes in mountainous and hilly areas. In
the article, a FLAC3D three-dimensional numerical model of a typical high-fill slope was established,
which revealed the spatial distribution characteristics of potential landslide fracture surfaces of
multilevel slopes, and the results showed that multilevel slopes often had more than one potential
landslide fracture surface, which needed to be “graded management” in the actual project; A two-
parameter orthogonal test was designed and implemented to comparatively analyze the interaction
mechanism between the pile-slab-prestressed anchor cable composite support structure and soil, and
reveals the sensitivity of the anchoring depth of the pile and prestressing stress of the anchor cable
in the prestressed anchor cable-pile-retaining plate support structure to the slope safety coefficient,
and the calculation results show that increasing the embedment depth of the pile and increasing the
prestressing stress of the anchor cable can improve the slope safety coefficient; The article also reveals
that there are critical values of pile embedment depth and anchor cable prestress, beyond which the
contribution of increasing the embedment depth or anchor cable prestress to improving the slope
safety coefficient will decrease, and further determines the optimal values of pile embedment depth
and anchor cable prestress for this typical slope project. The results and ideas in the paper provide
technical references for the design and construction of similar projects, as well as methods and ideas
for scientific colleagues to further carry out numerical simulations of related projects.

Key words: High slope, slope stability, numerical simulation analysis, pile-slab-prestressing
anchor cable, retaining structure, parameter sensitivity.

Formulation of the problem. With the rapid
development of economy and the accelerated
evolution of urbanization, the problem of land
resource utilization in China, which is “an inch of
land is worth a pound of gold”, is becoming more
and more prominent. In order to meet the demand
for infrastructure construction in mountainous
and hilly areas and new urban areas, high-fill
slope engineering has gradually become an impor-
tant topic in the field of geotechnical engineer-
ing. High-fill slopes usually refer to earthworks
with a fill height of more than 20 meters, steep
slopes and complex geological conditions, and
are widely found in highways, railroads, airports,

water conservancy hubs and urban development
projects. However, due to the inhomogeneity of
the fill material, the nonlinear characteristics of
the soil ontological relationship, and the complex
coupling effect of external loads (e.g., rainfall,
earthquakes, and construction disturbances), the
stability problem of high-fill slopes has always
been a difficult point in engineering design and
construction. If the slope is destabilized, it will
cause geological disasters such as landslides and
landslides, resulting in serious economic losses
and casualties. Therefore, how to assess the sta-
bility of high-fill slopes by scientific means and
design economically reasonable support pro-
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grams has become a key problem in the field of
geotechnical engineering.

Traditional high-fill slope stability analysis
is mostly based on limit equilibrium theory or
simplified numerical models, such as Bishop's
method and Janbu's method. Although these
methods are easy to calculate, it is difficult to
accurately reflect the real stress-strain relation-
ship of the soil, the progressive damage process
and the interaction mechanism between the
retaining structure and the soil. With the pro-
gress of computer technology and numerical
simulation methods, the finite difference method
software represented by FLAC3D (Fast Lagran-
gian Analysis of Continua in 3 Dimensions) has
gradually become a mainstream tool for geo-
technical engineering numerical analysis. Based
on the explicit Lagrangian algorithm, FLAC3D
can effectively simulate large deformation, nonli-
near materials and complex boundary conditions,
which is especially suitable for the dynamic anal-
ysis of slope instability, foundation settlement,
underground excavation and other problems.
By constructing a three-dimensional geological
model and combining elastic-plastic ontologi-
cal relationship and strength discount method,
FLAC3D can realize quantitative assessment of
slope stability coeflicient, location of potential
slip surface and deformation characteristics, and
provide theoretical basis for the design and opti-
mization of support structure.

Analysis of recent achievements. In recent
years, scientists had carried out a lot of research
around the stability of high-fill slopes and sup-
port technology. In the aspect of slope stability
analysis, Yao Y, et al. (2024) [1, c. 4] developed
a slope energy visualization program based on
thermodynamic principle from the perspective
of energy change using FLAC3D, and carried out
a validation analysis through two actual slope
cases, which showed that the deformation and
destruction of slopes were essentially driven by
energy, and there was a correspondence between
the energy stabilization stage and slope equilib-
rium stage, the energy dissipation stage and slope
deformation stage, and the energy mutation stage
and slope destruction stage, and the coeflicient
of safety and sliding surface of the slope could be
determined by using the energy mutation rela-
tionship, and the calculation error was only 0.02.
Wang Chongjing et al. (2023) [2, c¢. 69] simu-
lated and analyzed the stability change law of soil
slopes under rainfall conditions by FLAC3D, the
increase of daily rainfall will cause the stability of
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shallow soil body to rise briefly and then decline,
when the daily rainfall of 150 mm, the stability
coefficient tends to be close to 1, the slope was in
the limit state. Liu L, et al. (2024) [3, c. 2] ana-
lyzed the local dynamic factor of safety ( FOS ) of
slopes based on the energy criterion, considering
the groundwater level, impact load and load loca-
tion, etc. The study showed that the groundwater
level is the main influencing factor of slope stabil-
ity compared to the load location and impact load
and should be prioritized. Bracko, T, et al. [4, c. 4]
(2022) used Geo-Studio's SEEP/W module to
analyze surface infiltration modeling of slopes
and found that when soil permeability was low,
the factor of safety decreased during the rainfall
period and subsequent days. Nanehkaran Y. A,
et al. (2023) [5, c. 3] compared the estimation
results of multilayer perceptron (MLP), decision
tree (DT), support vector machine (SVM), and
random forest (RF) learning algorithms with the
objective of slope safety factor estimation based
on the computational intelligence and machine
learning methods and validated the results
by using the Janbu limit equilibrium analysis
method (LEM) and GeoStudio for validation.
The results showed that MLP>SVM>RF>DT
in the order of accuracy of the estimation results,
which provided an idea for the intelligent predic-
tion of slope stability. Bardhan A, et al. (2022)
[6, c. 8] addressed several artificial intelligence
(AI) techniques for machine learning (ML) algo-
rithms, including adaptive neuro-fuzzy infer-
ence systems, artificial neural networks, extreme
learning machines, functional networks, genetic
programming, Gaussian process regression, least
squares support vector machines, multivariate
adaptive regression spline, minimal maximum
probability machine regression, correlation Vec-
tor Machines and Support Vector Machines are
comprehensively summarized, and challenges
and future visions of AI techniques for solving
slope stability problems were discussed. Raghu-
vanshi, T. K. (2019) [7, c. 103] comprehensively
discussed the common “planar mode” damage
mechanism in layered and metamorphosed sedi-
mentary rocks, stating that planar damage
occured when structural discontinuities (e.g.,
preferred orientations of laminated surfaces,
faulted surfaces, or jointed groups) dip towards
the valley or excavation direction at an angle that
was less than the angle of the gradient and more
than the friction angle of the discontinuity. The
stability of such slopes depended on geometry,
rock type, potential damage surface characteris-
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tics, groundwater conditions, dynamic loading
and overloading conditions. Liu, X., et al. (2020)
[8, c. 3] A direct Monte Carlo simulation (MCS)
method for circular and/or non-circular poten-
tial sliding surface slopes was developed based on
the theory of slope system reliability analysis by
limit equilibrium method (LEM). The method
could correctly estimate the failure probability of
a slope system, which significantly improved the
computational efficiency of LEM-based slope sys-
tem reliability analysis.
Intheresearchofslopesupportsystem, FanRQ,
et al. (2025) [9, c. 7] used Flac3D and orthogo-
nal tests to comparatively analyze the influence
of five influencing factors, such as pile diame-
ter, pile spacing, anchor pre-stressing, anchor-
ing angle, and number of rows of anchors, on
the deformation of the deep foundation pit, and
obtained the optimal pile-anchor design parame-
ters, which not only ensured the safety and sta-
bility of the foundation pit, but also reduced the
construction cost. Luan, L., et al. (2020) [10, c. 3]
proposed an analytical model for calculating the
horizontal dynamic impedance of group piles
connected by an arbitrary pile foundation with
a rigid pile cap, and the derived solution could
robustly take into account the effect of inter-pile
interactions on the impedance of the group piles.
The expression took into account the coupling of
the source and receiver pile displacements, and
the proposed solution could be directly used to
determine the frequency-dependent impedance
of a group pile consisting of an arbitrary number
of piles, but this numerical modeling was difficult
to build, so it was not very popular. Zeng H., et
al. (2024) [11, c. 1240] developed an analytical
model for seismic stability of slopes based on
the limit equilibrium theory with frame anchor
reinforced slopes. They considered the anchor
prestressing force as a homogeneous force acting
on the slope surface, and explored its reinforcing
effect on the slope and its influence on the slope
stability. They also established a functional rela-
tionship between the coordinates of the center
position of the potential sliding surface and the
safety factor, which could dynamically search
the center position region of the potential sliding
surface, so as to obtained the minimum safety fac-
tor and its corresponding center position coordi-
nates. However, this method was only applicable
to homogeneous soil slope projects with circular
sliding surfaces. Li Y, et al. (2023) [12, c. 4] inves-
tigated the dynamic behavior of the slope system
and the progressive damage process of piles using

the finite element method (FEM) with three
different reinforcement schemes, unsupported,
pile-supported and pile-anchored supported.
The results showed that the shear and flexural
capacities of piles were substantially improved
in pile-anchored structures, but under simulated
seismic loading, cracking occured in the pile
near the sliding surface in a very short period of
time when the peak ground acceleration arrived.
Therefore, for support structures with seismic
requirements, it is necessary to reinforce the piles
near the sliding surface. Zheng G, et al. (2024)
[13, c¢. 764] numerically modeled the mecha-
nism of anchor failure and pit collapse using the
finite difference method. They found that in the
anchor— beam— pile support system, when the
anchor fails, it leaded to the destruction of the
cover beams and cross beams, which triggered
the destruction of the piles, and accelerated the
process of pit collapse. Therefore, the damage
conditions of anchors should be considered in
the design of cover (brace) beams to improve the
overall safety performance of the support system.
Ma, T, et al. (2022) [14, c. 5] Based on the elastic
fulcrum method and the principle of deformation
coordination of pile-anchor structure at the top
of the pile and the anchor end, the computational
model of the support structure under the syner-
gistic action of the top beam and the simplified
computational method of the internal force, dis-
placement and the overall stability of the side
slope were constructed. And combined with
engineering cases, the simulation calculations of
pile-anchored structures with and without roof
beams are compared and analyzed using PLAXIS
3D and Geo Studio. It is showned that the top
beam effectively enhances the pile bearing capa-
city while restricting the development of pile top
displacement, and the synergistic effect of the
top beam leaded to a more substantial improve-
ment in the safety factor of the slope. Bulko, R.,
et al. (2024) [15, c¢. 1269] numerically modeled
the self-drilling anchored reinforced concrete
micropile supported slopes using Plaxis 2D.
The safety coefficients of the slopes before and
after reinforcement were also evaluated by the
¢-c¢ discount method, and the results showed
that the reinforcement of micropiles significantly
improved the stability of the slopes.

The goal of this study were to reveal the
deformation and damage mechanism of high-fill
slopes, to explore the interaction mechanism
between the pile-slab-prestressed anchor cable
composite support structure and soil, to evaluate
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the sensitivity to the slope safety factor at diffe-
rent support parameters, and to propose the opti-
mal design of the parameters. This study not only
provided technical references for the design and
construction of similar projects, but also enriched
the application method system of FLAC3D in
the numerical simulation of high-fill slopes.
Research results. Numerical analysis is a
complex method of analysis, but the develop-
ment of computers has made the implementation
of this method for solving problems simple and
feasible. In practical engineering problems, it is
often the case that a more complex engineering
problem is simplified into a physical model, which
is then transformed into a mathematical problem
to be solved. For engineering problems modeled
with continuum medium mechanics, differential
equations of motion, geometric equations, and
eigenstructural equations generally arise during
the solution process. For specific simple enginee-
ring problems, which can be solved mathemati-
cally based on initial and boundary conditions,
the However, for the more difficult engineering
problems, due to the complexity of the consti-
tutive relationship (stress-strain relationship),
the mathematical solution method makes the
problem solution complicated or even infeasible,
which can be solved by numerical analysis can
achieve good results. In this paper, a systema-
tic numerical analysis of the slope stability of a
high-fill slope project using a combination of
prestressed anchor pile slab wall and frame pre-
stressed anchor retaining structure was carried

out by FLAC3D. The numerical model of the
slope before and after support was shown in Fig. 1.
The soil parameters of bedrock and fill layers
determined from the engineering investigation
report were shown in Table 1.

1. Safety analysis of the slope without
retaining structure

Safety, economy and aesthetics are the goals of
slope management projects. Since there are many
potential sliding surfaces on a slope, when the
first sliding area is reinforced, it does not mean
that the slope will be stabilized, and there is a
possibility of destabilizing damage along other
potential sliding surfaces. Therefore, the location
and shape of the slope slip surface should first be
determined, which is especially critical for com-
plex slopes. There are many ways to determine
the sliding surface, this paper realized the search
of multiple sliding surfaces by setting the bound-
ary conditions to preset the safety height, i.e., the
range of h_heights above the bottom of the model
was set as the safety zone (limited to the corre-
sponding normal displacement), as shown in
Fig. 2(a). The factor of safety were calculated
under different h_conditions using the strength
reduction method, and the potential slip surface
and slope safety coeflicients were obtained as
listed in Table 2, and the corresponding slip sur-
face cloud diagrams are shown in Fig. 2(b)~(d).

As can be seen from Fig. 2, when no retaining
structure was installed, the three h_correspond-
ing conditions all have slip surfaces, and the slip
surfaces were through from the bottom of the cor-
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(a) Model without retaining structure
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(b) Model with retaining structure

Fig. 1. FLAC3D numerical model of the slope before and after support

Table 1. Soil parameters of the slope

Your's modulus C-~hesion Angle of friction Density
E /MPa Poisson's ratio ¥ C/kPa @/ P/(kg/m?)
Filler 10 0.32 40 33 1800
Bedrock 76 0.25 95 45 2200
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responding slopes to the top of the slopes, and the
slopes were in an unsafe condition. From Table 2,
with the sliding surface shear exit moving up, the
slope safety coefficient gradually increased, but
from the overall point of view the safety coeffi-
cient were significantly lower than the specifica-
tion requirements (especially the first two con-
ditions), the slope tended to be unsafe, and need
to be reinforced to ensure the safety of the slope.

Table 2. Options for different safety heights
and factor of safety

Safety height "e/m | 64 2 78
FOS 0.684 | 0.746 0.975

2. Analysis of slope safety with retaining
structure

Based on the principle of “strengthening the
foot of the slope”, a prestressed anchor pile slab
retaining wall was used at the vertical slope to
prevent overall destabilization; Then, the upper
two-stage slopes were reinforced with a frame pre-
stressed anchor cable retaining structure, and the
slope dimensions were shown in Figure 2(a). The
relevant requirements of the retaining structure
were as follows (see Table 3 for value parameters):
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The vertical slope: reinforced concrete piles
(cross-section size 2mx1m, concrete strength
grade C30, pile spacing 4m, one beam at the top
and one at the waist of the piles, reinforcement of
the beams and piles according to the design doc-
uments), baffle plate (thickness 200mm, concrete
strength grade C30, double-layered bi-directio-
nally reinforced), prestressing anchor cables (one
bundle at each intersection of the beams and the
piles, 4 per technique, diameter 17.8 mm. Angle
of inclination 30°, length 20 meters, grouting
scope is 1/3 area inside the anchor cable).

The upper slopes: frame beams (i.e. lon-
gitudinal and transverse lattice girders with
a cross-section size of 0.3m x 0.3m, concrete
strength class C30, longitudinal reinforcement
and hoop reinforcement configured according
to the design documents), prestressing anchor
cables (one bundle at each intersection of the
beams with the piles, 4 cables per art, diameter
17.8mm, inclination angle 30°, grouting scope is
the inner 1/3 of the area of the anchor cables. The
length in the first level slope above the foot of the
slope is 14 meters, and the prestressing locking
value is 100kN; the length in the second level
slope is 10 meters, and the prestressing locking
value is 80kN).

11000F+02
1.0000E+02
9.0000E+01
B.0000L+01
7.0000E+01

BO000E+0T
5.0000E+01
4.0000E+01
3.0000L+01
2.0000E+01
1.0000E+01
7.0304E-04

©) h, = 72 (d) h, = 78

FLAC3D 7.00

2020 Masza Consulting Grouo, Inc.

3 0000F-1

2.0000E-1
4 000OE-1
2.0000L-11
2.0000E+00

FLAC3D 7.00

2020 Hasza Consulling Croug, Ing.

I55

50
4.5000E+00
4.0000E+E0
3.5000L+09
3.0000E+00
2 5000E+00
2.0000E+00

1.5000E+00
1.0000L+50
5.0000E-01

51441E 84

(a) Schematic diagram of the range of safety heights (unit: m) (b)h, = 64

Fig. 2. Contour of Maximun Shear Strain Increment of safety heights
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In order to study the influence of the embedment
depth of the pile and the value of the prestressing
stress of the anchor cable in the prestressed anchor
cable pile slab support structure on the stability of
the slope, orthogonal tests for the analysis of slope
safety under different working conditions were
designed and implemented, and the test scheme
and test results are shown in Table 4.

In the orthogonal tests for slope safety analy-
sis using FLAC3D, the Moore-Cullen principal
model was used for both bedrock and fill layers.
In the numerical simulation of each condition, the
simulation was carried out by changing only the
corresponding parameters of the upright slope at
the foot of the slope (pile embedment depth d and
anchor cable prestress T) in order to exclude the
influence of other factors and to improve the cor-
relation between the results and the variables.

(1) Effect of pile embedding depth (d) on
slope stability

In order to study the effect of the embedment
depth of the pile in the prestressed anchor pile
slab wall on the slope stability, four working
conditions with the anchor prestress T=0 were
selected for one-factor simulation. The corre-
sponding results of the calculation of the safety
coefficients are shown in Table 4. The cloud dia-
gram of the incremental shear strain of the slope
at T=0 is shown in Fig. 3.

Analyzing the maximum shear strain incre-
ment cloud shown in Fig. 4, it can be found that
when the anchor prestress is kept constant, with
the increase of pile embedment depth, the shear
strain concentration area of the potential slip
surface of the slope is gradually shifted to the
deeper part of the slope and the range is reduced,
which indicates that the restraining effect of the

Table 3. Parameters of slope support structures

pile on the soil is significantly enhanced. The
increase in embedment depth not only improves
the pile's overturning resistance, but also effec-
tively shares the slope sliding force by expanding
the contact length between the pile body and the
stabilized rock and soil body, thus reducing the
overall shear damage risk.

(2) Effect of anchor cable prestressing (T)
on slope stability

The application of prestressing is extremely
widely promoted in geotechnical anchoring
technology, and the application of prestressing
can improve the mechanical properties of the
geotechnical soil, and can effectively inhibit the
relaxation deformation and potential slip of the
geotechnical soil. Thus, FLAC3D was utilized to
apply prestressing to the anchors for each condi-
tion separately according to the scheme in Table 4
(Fig. 4), and the safety factor was calculated. The
slope safety coeflicients for each working con-
dition were obtained by simulation (filled into
Table 4).

Finally, based on the simulation calculation
results of orthogonal tests listed in Table 4, the
relationship curves between pile embedment
depth and anchor prestress and slope safety coef-
ficient were compiled and plotted as shown in
Fig. 5.

Analyzing Fig. 5(a), it can be seen that when
no prestressing is applied to the anchors, the
slope safety factor increases accordingly with
the increase of pile embedment depth, and the
increase of FOS is smaller when the pile embed-
ment depth is small (d < 4 m); When d increases
from 4 to 6 meters, the FOS increases the most
and the curve tends to increase steeply; when
d increases from 6 to 8 meters, the FOS increase

Parameters Youn<'s modulus Poissor's ratio Density
Structures E/MPa v P/(kg/m?)
Piles 3x104 0.2 2600
Baffles 3x101 0.2 2400
Beams 3x104 0.2 2500

Table 4. Orthogonal test scheme and result statistics of slope safety analysis under different conditions

FOS The Anchor Prestress T/kN
The Embedment Depth /m 0 250 300
2 1.124 1.583 1.682
4 1.287 1.721 1.805
6 1.644 1.756 1.845
8 1.727 1.806 1.912
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Fig.4 Contour of the slope when prestress was applying to the cables (d=6m)

decreases again and the curve tends to flatten.
The above phenomenon shows that there is a cor-
relation between FOS and d, and there is a criti-
cal value (d=6m in this case), which needs to be
prioritized when carrying out the scheme design
in order to achieve a more reasonable enginee-
ring synthesis. When the prestressing force was
applied to the anchors, the FOS increased sig-
nificantly and increased accordingly with the
increase of T. Especially in the case of small d, the
contribution of T to the FOS was more promi-
nent, and the curve as a whole showed a ten-

dency of surge followed by a slow increase, which
implies that there is a critical value of T, and that
the increase in the FOS will tend to be modera-
ted by the continual increase of T after excee-
ding the critical value.

From Fig. 5(b), it can be seen that when the
pile embedment depth is kept constant, the FOS
increases accordingly with the increase of T. This is
mainly due to the fact that the application of anchor
prestressing force effectively suppresses the shear
deformation of the soil body and enhances the inte-
grality of the support structure. For the same value
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Fig. 5. FOS trends of the slope

of T, as d increases, FOS increases accordingly. It
was worth noting that all four curves showed a uni-
form development trend: a steep increase followed
by a slow increase, which indicated that there was a
critical threshold for T. When the prestressing force
exceeded the ultimate frictional resistance between
the soil and the anchoring solid, the anchors may
undergo debonding failure, leading to a signifi-
cant weakening of the effect of the factor of safety
enhancement. In addition, excessive prestressing
will also trigger local stress concentration in the
pile body and even cause structural damage to the
pile. In specific engineering practice, it is nece-
ssary to consider the soil parameters, density of
anchor arrangement and bending capacity of the
pile body, and determine the optimal application
range of prestressing through numerical simula-
tion and on-site monitoring to achieve a balance
between safety and economy.

Conclusions. In this paper, taking a tertiary
slope project as an example, a three-dimen-
sional numerical model was established based
on FLAD3D, and multiple sliding surfaces of
the slope were searched by using the method of
assuming the safety height, and the orthogonal
test program used to investigate the correlation
between the parameters of the supporting struc-
ture and the slope safety factor was systemati-
cally designed and implemented:

(1) Multi-level high slopes often have more
than one sliding surface, in engineering practice
need to comprehensively use a variety of analysis
methods and management tools. The spatial dis-
tribution characteristics and interaction mech-
anisms of sliding surfaces at all levels should be
systematically analyzed, with particular atten-
tion to the influence of sensitive factors such as
weak interlayers and changes in the water table
on the shear strength of sliding surfaces.
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(2) As the depth of pile embedment increases,
the slope safety factor increases accordingly, with
the increase being first larger and then smaller.
It suggested that there was a critical value of
pile embedment depth beyond which the rate of
increase in the factor of safety plateaus, and might
even be controlled by excessive bending moments
in the pile resulting in the pile's own strength.
Meanwhile, excessive embedment depths may
be uneconomical due to construction difficulties
and cost spikes. The engineering design should
be combined with geological exploration data
and pile-soil interaction analysis to optimize the
embedment depth and ensure that the support
system achieves the optimal solution between
safety redundancy and resource investment.

(3) Prestressing the anchors could signifi-
cantly improve the overall factor of safety of the
slope, which was more obvious when the embed-
ment depth of the pile was small. As the value of
anchor prestress increased the slope safety factor
increased accordingly, the increase was first large
and then small. This means that there is a criti-
cal value for the prestressing of the anchors, and
when this value is exceeded the contribution of
the increase in prestressing to the improvement
of the slope safety coeflicient will be reduced.
Excessive prestressing may also lead to the con-
centration of stress in the pile body near the
anchorage point, which may cause damage to the
pile structure in serious cases, thus threatening
the safety of the whole support system.

Therefore, in the specific project, we should
take into account the overall stability of the
slope and the characteristics of the multi-sliding
surface, the management should follow the prin-
ciple of “hierarchical management, the main and
secondary”, the establishment of multi-level pro-
tection structure, and combined with the slope
drainage system to optimize the underground



HOBI TEXHOJIOTII B BYIIBHUAIITBI Ne 46 2025

seepage field. For the deep sliding surface, pile +
prestressed anchor anchoring technology can be
implemented, while ecological protection measu-
res such as lattice girders + vegetation slope pro-
tection can be adopted for shallow sliding areas.
In the construction process, automatic slope

monitoring system can be established to realize
dynamic design through the real-time feedback
of displacement, stress and other data to ensure
the synergistic effect of different levels of support
structures, and finally achieve the optimal balance
of overall stability and engineering economy.
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AHAJII3 CTIMKOCTI CXIJIY, OMEPTOI'O HA IIONEPE/THHO HATIPY JKEHY
AHREPHO-ITAJIbOBY IIVIMTY HA OCHOBI FLAC3D

Anomauis. Yepes cknaowi zeonoziuni ymosu, zioponoziute cepedosuwye ma 6niue 4acmoi aoocvkoi
JisvHoCmi npobaeMa CmisIkocmi NPOEKMiG 3 GUCOKUM PIBHEM HACUNY 6 ZIPCHKUX Ma 20pOUCIX PaTioHAX
Cmana KIouosum BUKILKOM, sikuil o0Mexcye Gesneky ma cmaiuil Po3eUmOK pezionaihux npoexmis.
Tomy nocunenns docridxcerns cmiiikocmi ZIPCORUX HACUNHUX CXUTIE € HAZATLHOI0 NOMpPeboto Ol
3abesneuennst indicenepHoi besnexu ma cnpusiiis IKiCHoMy PO3SUMKY 2ipcokoi exonomiku. Lls cmamms
bepe ananis cmitikocmi CXuiie ma onmuMisayilo NPOEKMHUX NAPaMempi6 ONOPHOL KONCTPYKYii npu
MPOEKMY6ANHI ZIPCHKUX MA 20pOUCTIUX MEPUMOPIL 5K 6I0NPAGHY MOUKY, A uymausicmy 060X napamempie
nonepeé/ubozo HaAnpydIcenns. ankepiozo Kabemo ma b 3anypenis naii na CMKIcmb cxuny npu
npoeKmysarii nonepecHLo HANPYIeHoi onopHoi KOHCMPYKYIT arxeprozo kabemo-nasi, wo ympumye
naumy, stk 00 €Xm ananisy, ma CUCeMamusHo Po3zisiiae pesyivmamu JoCHoKcerHs moao BUSHAUCHHS
MOMEHUILINOT NOBEPXHI KOB3AHHS CXUIIE 3 GUCOKUM PI6HEM HACUNY, AHANI3Y CTLKOCT, ONMUMISAUiT
napamempie 0nopHoi KOHCMpPYKuyii, a MaKoxc uucenvhe MoOeI0BAHH MA AHATI3. AHATI3 MA YUCETbHE
Modemosanis. B siwocmi 06 exmy docnioicers 00paro munosuil cXui 3 6UCOKUM HACUNOM, HA OCHOGI
0aHuac 260.1021HUX BUULYKY6AHD A HAMYPHUX BUNPOCYBAHD CMBOPEHO MPUBUMIPHY HUCETbHY MOOEID
FLAC3D na ocosi onmoioeiutozo 36 s3ky Mypa-Kyioma, pospaxosaro xoediyienmu cmitikocmi cxuy
6 nPUPOOHOMY POOOUOMY CIMAH] 3 GUKOPUCTIAHAM MEMOOY OUCKONMYGAHHS MIYHOCTI, NPOAHATIZ06aH0
XAPAKMEPUCTIUKIL IPOCTMOPOEOZ0 PO3NOOLLY NOMEHYIUHUX NOBEPXOH KOB3AHHS, NPOBEOCHO NOPIGHSHHS
Mexanizmy 63aeMo0ii KOMNOIUMHOL ONOPHOT KOHCTPYKUTE NATI-NIUMU-NPUMUCKAION anKepi Kaberi
3 TPYHMOM, CHpOEKMOsano ma 6UKOHAKO opmozoHaivhi eunpodyeants. Ilposedero opmozonanvii
eunpobyeanis 0is CUCTEMAMUYI020 AHANI3Y MA KUWKICHOT OUiHKU wymMIUBOCT 2JOUY 3aHypenHs.
naii ma 3ycuiis nonepervozo HAnpydHcenHs ankephoeo xkabemo 0o Koediuienma sanacy cmiixocmi
CXULY, @ MAKoxc HAdaHo nponosunii wodo onmumisayii napamempie. Lls cmamms micmumo mexmiuni
pexomendauii ons npoexmyeanns ma OyodieHuymea nodionux npoexmis, a Maxoxc memoou ma ioei dis
NOOAILULO20 UUCETLHOZ0 MOOETIOBAHHS COPIOHEHUX NPOEKMIB HAYKOBUMU KOJIC2ZAMU.

Kmouoei cnosa: Bucoxuii yxic, cmitikicmos ykocy, 4ucenvHull iMimayiinuil anauis, nae-
NauMa-ankepHuii mpoc, wo 60a6I0EMbCs, HeCYua KOHCMPYKUIS, UYMaAUsicms napamempis.

Yen Ca00in

acIipaHT, JIOIEHT, I0IEHT,

[[3ro110aHbCHKUI TTPOGDECIITHO-TEXHIUHNT YHIBEPCUTET,
Binnuiibkuii HalliOHAJIBHUN TEXHIYHUI YHIBEPCUTET

Mxemxyna B.
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Binnuiibkuii HalllOHATBHUI TEXHIYHUI YHIBEPCUTET

70



