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Influence of deformations of foundations on the stability of
building structures

Abstract. Today, modern technologies effectively carry out work on predicting the stability of
structures, determine the optimal solution and choose methods to eliminate the predicted negative
impacts on the operation of building structures. The choice of the most optimal one depends on
specific tasks. For example, a solid foundation is responsible for the safe operation of the entire
building. Accordingly, the structure must be particularly strong and durable. Nevertheless,
there are cases when the foundation is weakened and deformed under construction structures,
especially those erected a very long time ago. The emergency state and destruction of objects
with all the sad accompanying consequences, that is, tragedies with fatal outcomes, which lead
to significant damage to the economy of the Republic of Kazakhstan as a whole. It is necessary at
the very beginning of planning all stages of work to pay special attention to design, taking into
account all deformations of the foundation of the foundations.

In general, if we correctly position the correct distribution of the stages of construction of new
structures using innovative methods of strengthening, a preliminary analysis of their stability,
then in aggregate, after a period of time, we will come to the correct approach to solving this
problem. The use of innovative methods for predicting support systems is of particular importance,
since the safety of the entire structure depends on the correct and timely implementation
of measures. The paper describes the observation for the behavior of soil dams, located on
undermined territories, base is exposed to According to the results of observations plotted graphs
«Deformations-Settlement».

Keywords: stability, foundations, numerical methods.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-25-39

Introduction. All hydraulic structures refer to objects, which are defined by a high level of
responsibility. Destruction of these facilities is accompanied by considerable damage to the economic,
social and environmental character. This particularly applies to hydraulic structures that prevail
among built structures to the present time. The analysis of statistics of accidents and damage to
hydraulic structures shows that the probability of even major accidents and destruction of any dams,
including the most modern, cannot be completely eliminated. The obvious necessity of applying
modern methods of analysis of a variety of stored and newly received operational information about
the possible causes of the reduction in security level. The greatest number of accidents happening on
the ground dams. The percentage of accidents of various types of dams is shown in h figure 1, and the
percentage of the causes of the destruction of dams is shown in figure 2. As seen in accordance with
figure 1, the share of earth dams gets about 53% of all accidents. Due to the destruction of the base
40% of accidents occur embankment dams. This can be seen in accordance with figure 2.
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Other types of dams 17
w = Arch reinforcedconcrete, 3
z
=
’..5 Concrete gravity, 23
8
E —— Protective dam from local materials, 4

Earthen, 17
0 10 20 30 40 50 60 %

Figure 1. Percentage of accidents of various types of dams

L. Earthquake,1

= Misuse , 2

= Matenial defects,2

= Slope failure, 2

pe  Hostilities, 3

l—— High pressure onthe dam,5

High pressure onthe dam, 10

Weaknessof structure, 12

Failure of the spillway, 23

The destruction of the base, 40

0 10 20 30 40 50 %

Causes the destruetion of dams

Figure 2. The causes of the destruction of earth dams

Concerning was determined to aim of the experimental work, which is to study the stability of
reinforced and unreinforced soil dams under the influence of horizontal and vertical deformations of
the subgrade and on the basis of the results of these studies to assess the possibility of formation in
models of ground mounds cracks with the definition of the area of their distribution, and determining
the degree of influence of reinforcement on their overall sustainability.

Numerical modeling of the dam model and soil base interaction under horizontal and vertical
deformations. In recent years, in an era of high—performance computer technology, numerical
simulation is one of the most popular and progressive methods of theoretical research. Numerical
simulation based on the finite element method allows accurately and, most importantly quickly
produce analytical calculations and forecasting of various geotechnical problems. Numerical
simulation enables the theoretical study, which is not always feasible in practice, and sometimes
simply impossible.

In order to study the work of models of dams, with the strengthening of geosynthetics and without
strengthening, it was decided to review and compare their work with the work of each model will be
considered within the same geological engineering element [1].

To achieve the objectives identified by the following conditions:

—  the use of geometric values specified models of ground dams dimensions, on the basis of
which will be determined by their stability, at a fixed horizontal and vertical deformation;

— for a fixed value of horizontal deformation subgrade models dams accepted parameters
€ =(3,6,9,12,15) x10~ 3 within which explores the work of ground models;
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—  for a fixed value of vertical deformation of soil foundation models dams accepted parameters
Ad =40mm within which explores the work of ground models.

It was carried out two-dimensional work simulation of the reinforced and unreinforced dams
models on soil found in the software package Plaxis Modeling the impact of horizontal and vertical
ground deformations on the stability of the dam unreinforced model it was carried out under the
terms of a two—dimensional model of the plane problem.

Figures 3-5 is represented by step input parameter setting geometrical model of numerical
simulation of unreinforced dam model with ground base and set ithorizontal and vertical deformation.

In the second model of the dam enabled geotextile (2 lattice) at a distance defined by coordinates
(Figure 6):

- (+)11 (39,107);

- ()12 (100,107);

—(+)13 (48,121);

—(+)14 (92, 121).
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Figure 3. The general geometrical model of unreinforced model of the dam on grade

Figure 4. Closing geometric model of unreinforced of the dam on grade
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b)

reinforcement

&

Figure 5. The boundary conditions of geometrical model of dam on grade

(- a) unreinforced, - b) reinforced)

Given the study model of the dam and its subgrade assigned to the same parameters of physico—
mechanical properties of the soil (Table 1), obtained from the results of laboratory tests, and model as
the unreinforced dam and its foundation soil it was constructed from a single the equivalent material

[2].

Table 1 - Characteristics of soil model unreinforced dam and subgrade

Parameters Designation Value Unit
Model soil Model Mohr — Coulomb -
Typeofsoil behavior Type drain -
The specific weight of the soil Yunsat 17.0 KN/m’
The proportion of saturated soil Vsat 20.0 N/
The permeability ofthe soil in horizontal k _4
direction * 3.000E m/day
The permeability ofthe soil in the vertical k _4
direction ¥ 3.000E m/day
Young's modulus (constant) E.¢ 260 KN/m>
Poisson's ratio v 0.25 -
Clutch (constant) Craf 1.0 KN/m®
The angle of friction 0] 21.0 °
The angle of dilatancy ] 0.0 e

It includes several computational modeling steps horizontal tensile deformation along the x axis
and the vertical deformation along the y axis with the given parameters sand Ad.

First current stage includes modeling of natural stresses caused by gravity. In later stages of the
model has been applied evenly distributed strain in the form of horizontal and vertical movements,

stretching emitting subgrade.

Displacements in the software package Plaxis specified in units of force per unit area related (kN/
m2). The amount of movement for the reinforced models dam on grade are shown in Table 2.

28 Ne 3(132)/2020
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Geotextile assign the following characteristics (Figures 6-7).

Figure 6. Setting the model under certain parameters of the geotextile

sets

4 Project D stabass
Set type: Gentedie: -I
13 &
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1 :
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Figure 7 — Assignment of the characteristics of EA, kN/m, geotextile model

Table 2 - Characteristics of soil model unreinforced dam and subgrade

The values of the horizontal and The values of the horizontal and
stage vertical stretching stage vertical stretching
3 Ad 3 Ad
1 0 1 5 0,006 5
2 0 2 6 0,009 6
3 0 3 7 0,012 7
4 0,003 4 8 0,015 8

After setting the design parameters chosen nodes or stress points for plotting the displacement of
the deformation (Figure 8).
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Figure 8 — Points of voltages for plotting the offset from
the horizontal and vertical deformations

After completion of the calculation, the results were evaluated program output (Output program).
Are obtained and the offset voltage in the full geometric model. Figure 9 shows the deformed mesh
(which is based on such a scale that you can see the bias) at the end of the selected calculation phase.

reinforcement

Figure 9 — The deformed mesh model of unreinforced dam calculated
at the end of the selected phase

In addition to the results of the final stage of the calculations obtained from the curves of the

displacement movement. Table 3 shows the data of horizontal and vertical movements, which
correspond to each step of the calculation.

Table 3 - These horizontal and vertical displacements corresponding to each step of the calculation

Horizontal The vertical . . The vertical
Step . . Step | Horizontal strain .
strain deformation, mm deformation, mm
0 0 0 3 £=9%x10"3 Ad=24
1 £=3x10"3 Ad=38 4 £=12x10"3 Ad=32
2 £=6x10"3 Ad=16 5 £=15x10~3 Ad =40
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When compared the numerical results modeling software and data movement patterns reinforced
and unreinforced embankments on grade can be observed the following: if we consider some points
selectively, such as points B, C, D, E, I, the essential visible difference between S __ andS__ .  (Table 4).

reinf

Table 4 - The numerical values of the maximum displacement of points in the test model

pOint Srginf Sunrgjnf pOint Srgjnf Sunrgjnf pOint Srginf Sum;gjnf
A 0 360 E 45 75 H 1 0
B 17 133 F 0 31 I 0 46
C 25 116 G 0 27 J 0 31
D 47 89

According to the settlement stage - built simulation curves of displacement of point A-J of the
horizontal and vertical movements on the results of numerical simulations to compare the numerical
parameters of deformation reinforced and unreinforced ground models. According to the parameters
obtained the general plot of « Displacement-Step» models reinforced and unreinforced embankments
on grade (Figure 10).

Step
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Figure 10. Graph of «Displacement-Step» reinforced and unreinforced models
of dams on the grade

The used in calculation of model of the dam it was modeling in next experiment [3].

Model studies. In the study of the model of the dam in the horizontal and vertical deformation of
its base is used for simulation of equivalent materials. According to the method of equivalent materials
proposed by G.N. Kuznetsov, with data on the characteristics and mechanical properties of the full-
scale model of the soil NH and NM can be for a given ratio %/ s ¥ gr and a specified ratio NM/NH to
calculate the scale of the model 1/L=m1. For determining the physical and mechanical characteristics
to be taken are the characteristics that play in the process leading role. In the selection of materials —
the equivalent of loose soil and plastic can in the first approximation as the defining characteristics of
a set of values to use cohesion and angle of internal frictionc, ¢. To provide conditions similar to the
process of destruction is necessary to observe equalities 1-2:
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Ym
Cy =—-"—-¢C
M va H 1)
tan @, = tan @y @)
where:

1/L=m - linear scale models;

y,, and y,, — the proportion of the model and materials;

C,y Gy — grip material models and the real nature of soil.

Consequently, the simulation of cohesive soils (loam, in my case) data equivalent material
to determine the scale model, m1 i.e. we must first define the following physical and mechanical
properties of the sand mixture: ¢, @, ¥ .

The material model of the dam and foundation soil in this experiment was a mixture consisting of
97% of fine quartz sand and 3% by weight spindle oil having a grip that allows modeling of cohesive
soils.

For determination of strength and deformability characteristics real soils and equivalent materials
occurs under load due to horizontal and vertical deformations was used triaxial compression type.

The sample is placed in a compression device is held to the full consolidation under a given load
of 0,3 MPa.

Step load vertical load Ad_1 taken within 0,05 — 0,1 MPa.

The vertical deformation of soil samples was measured with a dial gauge scale division 0.001 mm.
Transfer the specimen vertical loads carried by the dynamometer load device mark DOSM - 3-5.
Pressure gauge measured.

The results of these tests, necessary parameters E, C, 2, )/ . (Table 5).

The equation by substituting the corresponding values for the model and full-scale ground obtains
a linear scale simulation (equality 3).

m, = cy/cy * ¥Ya/¥Yu = 0.9/38 - 19/17.7 = 1/40 (3)

Consequently, the linear scale models and full-scale facility (building foundations, structures), is
defined by the strength properties (adhesion) and loam equivalent material and still 1:40.

Table 5 - Physical and mechanical characteristics of the soil and the full-scale equivalent materials

Name of soils Specific weioht The angle Deformation
and model P s Clutch, (xPa) of internal modulus, Poisson’s ratio
material (kN/m3) friction, (°) (MPa)
Physical and mechanical properties of the full-scale dams
Loam | 19,0 | 38 38 | 27 | 0,35
Physical and mechanical parameters of the model dam
Eg\‘;ltveij?t 17,7 0,90 21 0,26 0,25

Experiments were carried out on the stand volume (Figures 11). Stand for simulation (volume)
strain model dirt dam is designed as a single channel-section (1). Between the sections (1) are arranged
elastic rubber seal (2) with a thickness of 10 mm. Side flanges of channel sections (1) are provided
with threaded connection (3) in the upper and lower horizontal levels. The tray has end walls (4). The
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lower portion of channel sections (1) is provided with adjustable supports (5) are designed as ball
bearings, mounted on the support frame (6).

Stand for modeling deformation [4] of the base model of the dam works as follows: using bolting
(3) produces compression or stretching of the sections of channel (1), with which the material deforms
in the tray. Horizontal tensile strain ground forces provided by elastic recovery of compressed elastic
(rubber) gaskets (2) when loosening bolted connections (3). Horizontal strain compression of soil
compresses the elastic (rubber) gaskets (2) by bolting (3), bring together the sections of channel (1).
The vertical deformation is provided for by gradual lowering of channel sections (7), which before the
experiment were installed according to the nodes A, B (Figures 11).

40 mm] ']-H] mim

2 HE

Figure 11. a) Photo of the stand b) Stand (volume) for the simulation of
deformation model dirt dam (side view)

The model serves as a dirt dam embankment with dimensions in terms 700mmx350mm (base
model of the dam), 200mmx150mm (crest of the dam model), the height of the dam model 430mm
(Figures 12).

. IR

150

430 430

150 230 200 250

Figure 12. The model of the dam (side view, front view, top view), mm

Linear scale model of the dam determined by the ratio of strength properties (adhesion) loam,
equivalent material and is 1:40.

After preparing an equivalent material in bulk stand laid the foundation for a model of the dam
without reinforcement. An equivalent material is deposited in layers surround the stand 7 cm and
Rollers (7 cycles of complete installation).

After laying the foundation for a model of unreinforced dam began layering of the model (Figures
13). Stacking of layers was carried out in 6 to 7 cm. Each layer rollers. Between each layer laid with
colored sand thickness of 2 mm.
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Preparation of the model with reinforced embankment (Figure 14) made by layering an equivalent
material in the layers 6 to 7 cm tall. After each layer of superimposed colored sand layer thickness of
2 mm.

The mound was packed using a special form. After laying 1 and 3 layers with colored sand
superimposed reinforcing mesh area equal to the area of layer model of the dam

Figure 14. Reinforced dam model level-by-level placement

In the process of development of cracks, deformation and collapse of the dam model under
simultaneous horizontal and vertical tensile deformation of soil foundation, it was possible to visually
observe and record with the camera.

The emergence and development of digital photography has allowed developing a non-invasive
method of monitoring vital functions photogrammetric cracking and other deformations of the
objects.

Vertical and horizontal deformation of the base model of the mound and in the course of
experiment, the photogrammetric method.

Photogrammetric method to determine the strain arising in the plane, and serves for the study of
flat objects.
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The essence of the method is that one and the same fixed point get several pictures of an object,
such as the first to deformation during the deformation of the second and third after deformation.
This camera is mounted so that the plane of the frame was applied parallel to the plane of the object
and image orientation elements were preserved.

In this case, made of a periodic survey equipment with high resolution matrix (2 thousand Pixels
per 1 cm?2). In our particular case, we use the camera Canon EOS Rebel T3//DS126291 matrix with a
resolution of 12,2 MPixel.

These surveys were entered into the net for documenting mechanical changes on the slopes and
crest of the dam model.

The development of cracks in the reinforced and unreinforced model dams monitored by layers.
The thickness of each layer model dams was 7cm. All measurements on each layer were summarized
and the total length of cracks tabulated data.

The objective was to study the stability of the model, with 5 levels of horizontal deformations
(6 =(3.69.12,15) x10~ 3) and simultaneously the vertical collapse Ad =40mm by bolting of the
subgrade 1n versions with reinforced dike model and without reinforcement, to reveal the conditions
of the critical condition of the mound.

The volumetric stand allows a considerable range to create independent tensile strain and vertical
lifting and lowering (Figure 15).
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Figure 15. Driving the action of horizontal and vertical deformations employment patterns dams

The following series of tests were conducted:

Performance of tests with models of the dam under various conditions of simultaneous lowering
of the subgrade and horizontal stretch base without reinforcement:

al) deformation of the base in the horizontal direction without reinforcing the dam to a value
model & =3x10" and a vertical lowering the value of the subgrade by an amount Ad =8mm;

all) deformation of the base in the horizontal direction without reinforcing the dam to a value
model & = 6x10~° and a vertical lowering the value of the subgrade by an amount Ad =16mm;

alll) deformation of the base in the horizontal direction without reinforcing the dam to a value
model £ =9x107 and a vertical lowering the value of the subgrade by an amount Ad =24mm;

alV) deformation of the base in the horizontal direction without reinforcing the dam to a value
model & =12x10"° and a vertical lowering the value of the subgrade by an amount Ad =32mm;

aV) deformation of the base in the horizontal direction without reinforcing the dam to a value
model £ =15x107 and a vertical lowering the value of the subgrade by an amount Ad =40mm;

Performance of tests with models of the dam under various conditions of simultaneous lowering
of the subgrade and horizontal stretch base with reinforcement:

bl) deforming the base in the horizontal direction with reinforcing dam pattern to the value
& = 3x10° and a vertical lowering the value of the subgrade by an amount Ad =8mm;
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bll) deforming the base in the horizontal direction with reinforcing dam pattern to the value
£ =6x10" and a vertical lowering the value of the subgrade by an amount Ad =16mm;

bIIl) deforming the base in the horizontal direction with reinforcing dam pattern to the value
& =9x10° and a vertical lowering the value of the subgrade by an amount Ad =24mm;

bIV) deforming the base in the horizontal direction with reinforcing dam pattern to the value
£ =12x107 and a vertical lowering the value of the subgrade by an amount Ad =32mm;

bV) deforming the base in the horizontal direction with reinforcing dam pattern to the value
£ =15x10" and a vertical lowering the value of the subgrade by an amount Ad =40mm.

Tests in the series al-bV accompanied unloading base. When modeling research works of the
dam without reinforcement with reinforcement was carried out on 5 levels of horizontal and vertical
deformation of the base [5].

After each experiment, the soil was taken out from the tray, and is preparing a new foundation for
the next series.

Figure 16 shows a comparison of the key stages of the simulation model the stability of the dam,
as demonstrated on the stand volume using equivalent materials.

Model of reinforced dam less responsive to tensile deformation of soil foundation and its partial
vertical collapse due to «reinforcing effects» of the work, namely, the total length of the cracks in the
case of the model dirt dam without reinforcement exceeded in steps in a significant amount of time
than the model reinforced soil dams.

According to the graph (Figure 17) shows that the strengthening of dam model reinforcing grid
material impact on its stability under the horizontal and vertical deformation.

Figure 16. Comparison of stability modeling key stages for dam model
(a) without reinforcement; (b) with reinforcement).

This option could be considered to strengthen in cases of design of hydraulic structures, as a way
to improve their stability and reliability.

Conclusions. On the basis of a combination of results of numerical, model and natural researches
of the deformable soil bases values of a limit of stability of the reinforced and not reinforced dams
depending on horizontal and vertical deformations of soil thickness are received.

The main influence on change of the general stability and a cracking of soil dams on the deformable
bases renders change of an intense and deformable condition of soil thickness as a result of the
horizontal and vertical deformations which resulted from a side job.
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Horizontal and vertical deformations

L LT LL: 110 150

Total length of the cracks, mm

==The average value of the total length of the dam cracks moded with reinforcement
after 5 stage horizontal and vertical deformations, mm

B The average value of the total length of the dam cracks moded without
reinforcement after 5 stage horizontal and vertical deformations, mm

Figure 17. Graphs of reinforced and non-reinforced dam model crack length dependence on
horizontal and vertical deformations

Influence of the reinforcing effect at stretching of the soil basis is experimentally proved, i.e.
reinforcing of a soil dam geotextile considerably influences increase of stability and reduction of
development of a cracking at deformation of the soil basis.

The provided data of an intense and deformable condition of soil thickness in the course of
influence of deformations significantly influence the size of disclosure of cracks in the massif of soil
without reinforcing, and considerably differ towards reduction of size of disclosure of cracks in the
massif of soil with reinforcing.

For research of the behavior of system «a dam — the soil basis» is expedient to use the method of
final elements (FEM) which allows to define the general loss of stability and to calculate the intense
deformed condition of system «a dam — the soil basis» with any boundary conditions, considering
system as a unit.

The used volume stand for modeling of deformations of the basis allows to expand the range of the
modeled phenomena close to natural conditions of a side job of hydraulic engineering constructions
and allows to study the mechanism of interaction of a soil dam with the earned additionally basis.

The mechanism of the behavior of loss of stability of not reinforced dam model considerably
differs from the behavior of work of the reinforced dam model because of the reinforcing effect of the
soil massif.

The main achievement of the offered complex technique of determination of the general stability
and development of cracking is opportunity to predict change of stability and development of cracks
in hydraulic engineering constructions in the course of a side job, and also to define influence of the
reinforcing effect on the specified characteristics of research that is significantly important at design
of hydraulic engineering constructions, without damage to them in a zone of excavations [6].
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A. Aaaynraposa’, A.JK. Kycyn6ekos?, A. AGuniesa’
"Topaiizvipos Ynusepcumemi, [lasrodap, Kasaxcman
“1.H. T'ymuaes amoindazvl Eypasus yammuix yrnusepcumemi, Hyp-cyaman, Kasaxcman

Iprerac aepopmanmsaaapbIHBIH KYPBLABIC KYPBLABIMAAPBIHBIH TYPaKThIAbIFbIHA dcepi

Angatna. Byrinri Tanga 3amMaHayy TeXHOAOTUsAAAP KYPBLABIMAAPABIH TYPaKThIABIFBIH O00/AXKay JKyMbICTa-
PBIH TUiMAl OPBIHAANABI, OHTAIABI IIeIIiMAePAl aHBIKTaABI JKoHe KYPhLABIC KOHCTPYKIVAAaPBIHBIH KYMBICHI-
Ha 00/AKaMABI Tepic acepAepiH XOI0 d4icTepiH TaHAaiabl. OAapAblH €H OHTAllABI TYPiH TaHAay HAKTHI MiHAET-
Tepre OariaaHbICTBL. MbIcaabl, 6epik iprerac OyKia FMapaTTBhIH KayiIlcid JKyMBIChIHA >Kayall Oepeai. Tuicinie,
Aunsaria 6epik 604ysI Kepek. JereHMeH, KypblAbIMAAp KYPBIABICH Ke3iHje ipreTac aaciper, depopmanisiiaHa-
TBHIH JKarjailaap KesJjecedi, acipece, y3aK yaKbIT OOJibl caAbIHFaH >KarJaliga. TeTeHIe >karaait >koHe OapABIK
KallFBIABI idecTie caadapaapsl Oap oObeKTidepaiH Kupaybl, sSFHM, TyTacTal aaranja, Kasakcran Pecrrybanka-
CHIHBIH DKOHOMUKAChIHA e1eyAi 3a41aa KeATipeTiH eaiMMeH asdKTaafaH Tpareausaap. XyMBICTEIH OapABIK Ke-
3eHAepiH JKocmapaayAblH OacblHAa ipreTac HerisiHiH 6apablK gedopManuslapblH eCKepe OTBIPBII, AU3aliHFa
epeKIIe Ha3ap ayaapy Kepek.

JKaampl, erep 6i3 KyIIeinTyAiH MHHOBALMAABIK, 94iCTePiH KOA4aHa OTHIPHIIL, JKaHa KOHCTPYKLMSLAaPAbL caay
caTblAapBIHBIH AYPBIC O04iHYiH AypbIC OpHaJAacThIpCakK, 0AapAblH TYPaKThLABIFBIHA aAAbIH ada TaaAay >Kaca-
cak, oHJa Oeariai Gip yaKbIT ©TKeHHeH KeifiH 6i3 OCBI MoaceeHi HIeInyAiH Aypeic TaciaiHe kememis. Koagay
KylteaepiH 00AXKayAblH MHHOBAIVISAABIK dAiCTepiH KOAAaHy epeKIlle MoHIe e, OiTKeHi OyKid KYpbLABIMHBIH
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KayiIicizairi ic-1mapaaapapl AyphIC >KoHe YaKBITBLABI OpbIHJAay¥a OallaaHBICTBI Ooaaabl. Makasasa Herisi ca-
ABIHFaH «JepopMans->KaybIH-TIaITbH» KecTedepiH OaKblaay HOTVDKeepi OOBIHIIA oCep eTeTiH KBIPTHLAFaH
ayMaKTap/Ja OpHaJacKaH TOIbIpaK OereTTepiHiH MiHe3-KyAKbIH OaKbllay cuIaTTalFaH.

Tyi1iH ce3aep: TYpaKTBIABIK, ipreracrap, CaHABIK d4icTep.

A. Aaaynraposa’, A.JK. XKycyn6ekos?, A. AGuniesa’
Tlasaodapcxuii 20cydapcmeenioii yrusepcumem um. C. Topaiizviposa, Ilasrodap, Kasaxcman
?Espasuiicicutl nayuonarvroli yrusepcumem um. A. H. l'ymuaesa, Hyp-Cyamarn, Kasaxcmarn

Bausnue aepopmanmii pyHaaMeHTOB Ha yCTOMYMBOCTD CTPOUTEAbHBIX KOHCTPYKIIWIA

AnnoTans. CeroaHs cospeMeHHbIe TeXHOAOTUM 9P(PEeKTUBHO BLIITOAHAIOT PaOOTHI ITO ITPOTHO3MPOBAHUIO
YCTOMYMBOCTY KOHCTPYKITUIL, OITPeAeAsIOT ONTUMaAbHbIe PeITieHNs ¥ BRIOMPAIOT METOAB! yCTpaHeH!s IIPOTHO-
3MPyeMBIX HeTaTMBHBIX BO3AEICTBUII Ha DKCIIAyaTallMIO CTPOUTEABHLIX KOHCTPYKIuiL. Bribop Hanboaee onTu-
MaABHOTO U3 HUX 3aBUCUT OT KOHKPETHBIX 3aJad. Hampumep, mpounslit pyHAaMeHT oTBedaeT 3a Oe30macHyTo
DKCIIAyaTanuio Bcero 3ganusa. COOTBeTCTBEHHO, KOHCTPYKITUSA A0AHa OBITh OCOOHHO ITPOYHOI U A0ATOBEY-
Holi. TeM He MeHee, OBIBAIOT cAy4an, Korga PpyHJaMeHT 0cAabas1eTcs 1 4epOpMIUPYETCs IIPY CTPOUTEABCTBE CO-
Opy>KeHuIT, 0COOeHHO TeX, KOTOphIe BO3BOAMUANCH OYeHb A4aBHO. DTO MPUBOAUT K UPE3BRIYalfHOMY TIOA0KEHNIO
U pa3pyIIeHnio 00BbeKTOB CO BCeMU IedaAbHBIMY COMYTCTBYIOIIMMMY TTOCAeACTBIAMU, TO €CTh TpareAMsAMU CO
CMepTeABHBIM VICXOAO0M, VI 3HAUUTeABHOMY yiepOy sKoHomuke Pecrybankn Kaszaxcran B eaom. Heobxoaumo
B CaMOM HadJaJe ITAaHMPOBaHNS BCeX 9TAIloB padOT yAeAsATh 0co0Oe BHMMaHUe IPOeKTUPOBAHMIO, YIUTHIBAS
Bce gedpopMalny OCHOBaHISI (PyHAAMEHTOB.

B 11e410M, ecam MBI TpaBUABHO pacpeseAnM 9TaIlbl CTPOUTEALCTBA HOBBIX KOHCTPYKITUIA C CIIOAB30BaHN-
€M MHHOBAITMOHHEIX MEeTO/0B YCUAEHNs, ITpoBeJeM MpeABapUTeAbHBIN aHaAMU3 UX YCTOMYMBOCTHY, TO B COBO-
KYITHOCTH, depe3 OIpeJeAeHHBIN ITPOMeXXYTOK BpeMeH!, MBI IIPUAeM K ITPaBUABHOMY IIOAXOAY K PeIleHNIO
9TOI 3ajaun. VIcmoap3oBaHMe MHHOBAITMOHHBIX METO/0B MPOTHO3MPOBAHMS CUCTEM ITOAAEPKKM MMeeT OCOo-
6oe 3HaueHMe, TaK KaK OT IPaBIABHOTO U CBOEBPEMEHHOTO BLIITOAHEHI MEPOIIPUATUIL 3aBUCUT O@30T1aCHOCTS
BCell KOHCTPYKI[UM. B cTaThe ommcansl HaOAIOAEHNUS 3a TIOBeAeHIeM TPYHTOBBIX ILAOTHH, PACIIOA0XKEHHBIX Ha
ITOAOPBaHHBIX TEPPUTOPUAX, OCHOBaHIE KOTOPBIX TIOABEPTaeTCsl BO3AIICTBUIO II0 pe3yAbTaTaM HabAIOAeHMIx
ITOCTPOEHHBIX IPadUKOB «4ePOPMaIINI-OCAAKI».

Karodesbie ca0Ba: yCTONYMBOCTE, PyHAAMEHTHI, YMCAEHHBIE METO/BI.
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