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ANALYSIS OF DEFORMED STATE STRUCTURES OF THE KYIV
METRO RUNNING TUNNELS ON A TRANSITION ZONE FROM
SPONDYLOV’S CLAY TO BUCHATSKIY SANDS

Purpose. In the section of changes geotechnical conditions of spondylov’s clay to buchatskiy sands may have
significant structural deformation of running tunnels. It is necessary to identify the cause of deformities develop
ways to minimize and based modeling and calculations to prove the effectiveness of measures to reduce deforma-
tion. Methodology. To solve the analysis problem of the stress-strain state (SSS) of the system «structure array» it
was conducted the numerical simulation using the finite element method (FEM). On the basis of the obtained results
the graphs were constructed and the dependencies were determined. Findings. The presence of weak water-
saturated soils in tray of the tunnel on an area of transition from spondylov’s clay to buchatskiy sand causes signifi-
cant increasing in strain construction of tunnels and general vibration liquefaction in soil basis. Also change the
physical and mechanical characteristics of soils within the frames of tunnels influences on the level of strain state of
most frames. Improved strain state settings of tunnels in areas of change soil characteristics of the array (especially
at the bottom of casing) can be achieved by chemical consolidation of weak soils. Composition of solutions for fix-
ing the weak soils should be determined based on the study of grain size, porosity, and other parameters of physical
and mechanical and physical and chemical characteristics of soils. Originality. The basic cause significant strain on
transition zone from spondylov’s clay to buchatskiy sands is found, that is explained by saturated phenomenon vi-
bration liquefaction basis under the tunnel. Practical value. The approaches to reduce the strain in the construction
of running tunnels in the transition zone from spondylov’s clay to buchatskiy sands are developed, as well as in the
area of the station «Glybochytska» the Kyiv Metro.

Keywords: vibration liquefaction of water-innundated basis; finite element method; stress-strain state; transition
from spondylov’s clay to buchatskiy sands; analysis of strains

Introduction station «Glybochytska» in the direction of
Podolsk-Vyhuryivskoyi metro line to housing

Currently, preparations have began for the estate «Troeshchyna» in Kyiv. In this direction

design and construction of running tunnels near the
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engineering-geological conditions have a very high
level of complexity, especially in the transition
zones from spondylov’s clay to Buchatskiy Sands.
Therefore, determining the strain state settings and
soils in the transitional zone is an actual task
which, needs to be resolved.

Purpose

As it is known, running tunnels in spondylov’s
clay are in a stable condition and deformation not
exceeding the maximum allowable for the given
category of soils [6, 10]. However, in the transition
zone from spondylov’s clay to water-saturated sands
arising heavy load, which lead to the considerable
deformations that is defined in elastic-plastic condi-
tion in spondylov’s clay [2, 4]. Therefore the pur-
pose of this research is the solution of the task con-
struction running tunnels with a combined casing in
complexity engineering-geological conditions which
rather often meet in Kyiv.

Methodology

The basis of the calculation method based on the
method of finite elements, using as the main
unknown displacements and rotations basic units
design scheme based on the calculation complex
Structure CAD (SCAD) [7, 9, 11]. Type of the finite
element, used in the calculation, is determined by its
shape, features, which dependence between
relocation in nodes of finite element and system
nodes, by physical law that defines the relationship
between internal forces and internal displacement,
and a set of parameters (rigidities) are included in
the description of this law and others [11-14]. All
nodes and circuit elements are numbered. The num-
bers assigned to it should be interpreted only as
names, which allow making the necessary links.

The sign convention for movement is accepted
in such way, that the linear displacement is
positive, if they are directed towards increasing the
corresponding coordinates, and rotation angles are
positive, if they comply with corkscrew rule.

For investigation the stress-strain state (SSS) of
running tunnel created a spatial model from vol-
ume elements (Fig. 1 and 2).

The model is constructed of isoparametric finite
elements such as prisms (34 and 36 type elements
in complex SCAD) with consistent nodes [11].
Elements which used in the model of such size in
the XZ plane: 0.24x0.24 m (more than 95% of the

volume of the FE scheme - the whole soil array
and casing); 0.1x0.25 m (2.5% of scheme - model-
ing layer discharge per frame). It reflects the fol-
lowing features of the real structure [1, 5, 11]:

— the influence of spatial factor on the forma-
tion of the stress state, that is the influence of third
component G, on components and o_;

— the most full reproduction of interaction of a
steel concrete casing with a soil array which gener-
ally changes its properties.

Fig. 1. Finite element model (FE-model) of running
tunnel interaction with the surrounding array

Fig. 2. Part of the running tunnel in a mode
of presentation graphics
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Y-direction (along the length of the tunnel) size
of items was 0.3 m, which proves less influence of
the size of the FE in this area, although for model
computational domain that size could be applied
and elements of a considerable size, which is pro-
posed in scientific works [1, 5, 11], which pro-
vided a recommendation to determine the size of
the element as the characteristic size of the compu-
tational region.

The FE-model represents a half of real con-
struction as it is the symmetric with the symmetri-
cal load. Reproduction only half of the tunnel re-
duced the volume of calculations and allowed to
carry out exact tunnel splitting and surrounding
array on terminal elements that would be impossi-
ble by development of the whole model, as the
quantity of FE in the applied complex is restricted
equal 40 000 pieces.

The FE-model which was applied in all re-
searches has the following sizes: X-direction —
10.0 m, Y-direction — 0.6 m; Z-direction — 40.0 m.
That is the normal size of FE it would be possible
to accept 2x2x2 m, but it didn’t allow reproducing
more precisely specific characteristics of the
“casing-tunnel” system, for example, a case of
primary forcing. The total number FE-model nodes
arel8 246, the total number of FE is 11 736 pieces.
The quantity of FE testifies that the problem which
was solved, is the task of average dimensionality
(to 20 000 finite elements).

The model was created so that to reproduce all
geometrical sizes of running tunnel: diameter in-
ternal — 5.6 m, diameter external — 6.04 m (the
steel concrete blocks B30).

Applied bounding conditions are imposed to the
scheme: model up without fastenings; the sides,
parallel to tunnel axes (YZ plane) — inhibits of
movements on axes X and Y; the sides are perpen-

dicular to tunnel axes (XZ plane) — inhibits of
movements on axis Y (it most precisely corresponds
to plane strain condition); model bottom — inhibits
of movements on axes X, Y and Z. These boundary
conditions most precisely allow recreating a real
picture of model deformation [7, 9].

The deformation properties received from real
probes of materials were provided to models, the
stratigraphic record reflects array part, which sur-
rounds a studied tunnel.

EGE 73 — bluish-greenish-gray marl clay, silty,
micaceous, carbonate, with thin layers and nests of
gray silty sand, sometimes fractured, water-
permeable through cracks and sand layers, tough,
medium-hard, firm (spondylov’s clay);

EGE 75 — loam bluish-gray-green micaceous,
silty, carbonate, and pyrite with phosphorous and
pyrite nodule, firm, semi-solid, tough (sandy
spondylov’s clay);

EGE 77 — sand bluish-greenish-gray shallow,
silty, muddy, marl clay, poorly micaceous, average
firmness low-damp, damp, sated with water;

EGE 78A — sand grey, greenish-gray in places of
average size, mid-weight, heavy, saturated with water.

Properties of engineering-geological elements
are given in Table 1.

Stratigraphic record is shown on Fig. 3.

As for deformation properties and the nature of
the soil it can be divided into clay and sand, to
simplify calculations is formed table 2, which
shows the average estimated values of the proper-
ties of layers that provide real stratigraphic records
and used in numerical calculations (Fig. 4).

This change of real stratigraphic record lists
valid, because the thickness of the layers, which
are not taken into account, is small (1...2 m) and
thus may not significantly influence to the pattern
of deformation distribution.

Table 1
Soil Properties EGE
Number | Protodyakonov scale | Voids ratio ¢ | Specific cohe- | Internal friction Deformation Soil density

EGE of hardness f (unit fraction) | sion C",kPa | angle ¢©", grade | modulus £, MPa p,t/m’

73 1,0 0,767 78 15 30,0 1,96

75 0,8 0,627 5 18 25,0 2,01

77 0,6 0,574 3 28 20,0 1,82

78a 0,4 0,580 2 28 20,0 1,86
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End of Table 1

Soil Properties EGE
Number Moisture of soil . Humidity level, S Transmission coef- Design resistance,
. . Poriness n, % > e .
EGE W, , unit fraction unit fraction ficient K p>m / day R, ., kPa
73 0,273 43,4 0,978 0,005 325
75 0,206 38,5 0,883 0,120 250
77 0,080 36,5 0,330 1,300 200
78a 0,260 36,7 - 5,000 200
Table 2
Soil Properties EGE
180 Num- | Protodyakonov Deformation .
ber scale of hardness | odulus E Density 0f3
> | soil p,t/m
EGE f MPa
73 0,9 27,5 1,99
o 78 0,5 20 1,84
L5 a s b
Rigidness of the cement-sandy solution which
is given on a casing in case of primary injection or
grouting was such: the average thickness 0.1 m, the
| @ elastic modulus £ = 20 000 MPa, Poisson’s ratio

n=0,2, density p=2,2 %

Deformation properties of steel concrete re-
ceived as are given characteristics, and for steel
Fig. 3. Stratigraphic records of array part around tunnel ~ concrete on the basis of B30 concrete made: elastic
modulus £ = 35 000 MPa (in case of reinforcement
percentage — 1...3%), Poisson’s ratio p=0,2,

density p=2,5 % .

Calculation of all models was executed on two
loadings: 1) action metro train; 2) curb weight sur-
rounding an array and construction. The account-
ing action of metro train it is reproduced in norma-
tive documents, for example, in Ukrainian national
construction regulation B.2.3-7-2010. Metro sys-
tem, p. 9.44. [3]. But estimates of the rolling stock
impact remains some verification, as a given fact
. that the weight of the train is not more than
5...10% from actions of mountain pressure [6, 9].
According to paragraph 9.44 [3] load of rolling
metro trains that operate on the track
superstructure (TS) are normalized as follows: 1)
normative vertical load L — 150 kN per axle; 2)
Fig. 4. Given stratigraphic records of array part around ~ regulatory horizontal longitudinal load from

tunnel braking or traction — 10% from the standard
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vertical load of the rolling stock, i. ¢ 15 kN at the
level of the rack head; 3) regulatory horizontal
transverse loads from impact undercarriages —
applied at the level of the rack head uniformly
distributed load with the intensity 2 kNm. Further
study will be taken into account only — 1st load in
the complex, 2nd and 3rd ignored due to the small
size unlike the first.

For the application of loads from rolling stock
modeled track superstructure (TS), in order to
more adequately reproduce the system impact of
metro trains. Geometric parameters of TS: ballast
depth — 0.8 m, ballast material — concrete class
B12.5 (modulus of elasticity £ = 27 000 MPa,

Poisson’s ratio uw=0,2, density p=2,5 % ). In
M

TS reproduced not all assembled rails and sleepers,
but only one sleeper.

Findings

Further researches of the strain state structure
in the transition zone from clay to sand is carrying
out. A series of calculations for this purpose is
executed:

a) a) 8)

20,0 @

Fig. 5. Stratigraphic records with the placement
of the tunnel (the dashed line denotes the position
of the lock and tray):

a — option 1; 6 — option 2; ¢ — option 3

1) Option 1 — the real case in which the tunnel
crosses two soil layers (EGE 73 and EGE 78a,
fig. 5, a);

2) Option 2 — a possible case where the tunnel
lies in only one soil layer (EGE 73, fig. 5, b);

3) Option 3 — a possible case where the tunnel
lies in only one soil layer (EGE 78a, fig. 5, ¢).

Option 2 and 3, which are hypothetical, provide
an opportunity to further comparison strain state
structure and array, as they are homogeneous.
Strain state calculation of these two cases allows us
to compare the value of the Option 1 and made the
conclusion about the influence of stratification on
the sediment development.

The basis of calculation based on the method of
finite elements based on the estimated Complex
Structure CAD (SCAD).

After creating the FE-models, held their calcu-
lation, the results of which are shown in Fig. 6 and 7.

Analysis downloads models it is the action of
metro train allows you to separate it from its own
weight array and construction on the principle of
superposition can be added to it. The case demon-
strates the validity metro train state structure, which
interacts with the surrounding array, when all the
processes of rock formation pressure have over.
Calculation results showed that the impact of metro
train for horizontal displacement casing hardly felt
as mentioned strains in all three versions are the
same (maximum — 0.4 mm in the horizontal diame-
ter of casing). Horizontal deformations in the model,
i. e. in the casing, which interacts with an array
qualitatively almost identical, and is quantitatively,
vary slightly (0.4...0.5 mm).

The same minor change in the model can be
demonstrated and caused by the action of the array
of horizontal deformations, which are qualitatively
coincide in the model and in the fragment model
(casing).

Analysis of Fig. 6 and 7 indicates that the im-
pact of metro train on the vertical displacement
casing are tangible, as mentioned strains in all
three versions is within 10 mm (option 1 — 9.5 mm,
option 2 — 7.2 mm, option 3 — 9.7 mm). In this
component the difference between the options have
significant and make 1.32 times between option 1
and 2 and 1.35 times between options 2 and 3, it is
possible to prove that the tab of the array in option
2 (sealing in clay) is the most optimal, and the dif-
ference between option 1 and 2 is insignificant.
Thus, the partial sealing of the tunnel in clay when
sand is underlain by a layer of practically no effect
positively on the deformation, due to pain use by
another deformation capacity of sand.
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and model dead weight (II):
a — option 1; 6 — option 2; 6 — option 3
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The vertical deformation array of actions quali-
tatively almost identical in the model and the frag-
ment model (casing), but quantitatively they con-
firm what has been observed in the case of actions
metro trains. But we should note the corresponding
change in quantitative maximal values of vertical
deformation (top model): Option 1 — 394.8 mm,
option 2 — 289.3 mm, option 3 — 394.8 m

To find absolute deformations of casing points,
for example, in the lock, it is necessary to subtract
value of deformation in it from value in a tray. Thus,
the maximum values of vertical deformations in the
lock make: option 1: —394.8 — (— 379) =— 15.4 mm,
Option 2: — 289.3 — (- 274.1) = 15.2 mm, option 3:
—394.8 — (—378.3) = 16.5 mm. It also testifies about
bigger deformation ability of the array in option 1
and 3 though option 1 in this case of loading actions
is closer to option 2.

One of the important factors that influence on
the development of deformations, is the change of
deformation properties, especially modulus defor-
mation of soil, for example, under the influence of
groundwater, especially because the layer of sand
(EGE 78A is designated by availability of the un-
derground waters dated to the buchatsko-kanev-
skogo water-bearing horizon which have tendency
to lifting.

Calculation of real case of laying the tunnel (Op-
tion 1), but with change of the module of deforma-
tion of sand is carried out. It was already calculated
the model with the module of deformation
E =20 MPa therefore six more calculations of Op-
tion 1 — with £ = 17.5 MPa (sub-option 1) are car-
ried out, 2 — £ = 15 MPa (sub-option 2), 3 —
E =12.5 MPa (sub-option 3), 4 — E = 10 MPa (sub-
option 4), 5 — E = 7.5 MPa (sub-option 5), 6 —
E = 5 MPa (sub-option 6) results of calculations
which are given in comparison with Option 1. Simi-
larly to the previous calculation has defined maxi-
mum vertical deformation in the lock casing. In ad-
dition it should be noted that the qualitative picture
of the distribution isofield movement has not
changed, only the quantitative values.

The limited scope of the article is missing the
opportunity to fully reflect the results of calcula-
tions. However, its deformed state confirms that
the influence of deformation characteristics (de-
formation module of sand) minor effect on the
horizontal deformation in the case of actions metro
train, but for the actions of their own weight
changes is noted.

Analyzing the absolute vertical deformation of
the casing it should be noted that the decrease in
the elasticity modulus of sand (modeling soaking)
significantly affects to the vertical deformation of
the frame. It should also be noted that this calcula-
tion was carried out in a static setting, although in
real terms the dynamic impact from movement of
metro train causes vibration liquefaction soaked
sand under the casing of the tunnel.

Also the relationship between the modulus of
elasticity and deformation of sand is quite natural
character that can be tracked using a graphic (Fig. 8).

The graphic is built in the software package
Microsoft Excel program functionality is made
approximation of the results. As approximating
function was chosen linear dependence, which is
reflected by the equation y =—0,15x+15,729, the
value of the accuracy of the approximation is
R*=0,9932, indicating to very high coincidence
of approximating linear function.

The maximum vertical deformation of casing
constitute 15.6 mm at the slightest given modulus
of elasticity of sand — 5 M underground waters Pa.

In real terms the additional dynamic perform-
ance of motion metro trains will lead to further
growth of strains that will lead to limitation of speed
metro trains in this part of the tunnel. Often, to re-
duce the strain that can occur with a decrease in car-
rying capacity of the base, use artificial methods of
soil base. The simplest and most effective way to
strengthen the artificial soil is pumping cement-sand
mortar per frame. In order to predict the develop-
ment of artificial deformation after grouting design
model has been created, where at the base tunnel
was fixed cement-sand mortar.

The rigidity of cement-sandy mortar, which is
served for the casing when attaching, was as fol-
lows: modulus of elasticity £ = 20 000 MPa, Pois-

son’s ratio u=0,2, density p=2,2 ﬂ3 Thickness
M
of a layer of the fixed sand is accepted by equal 1 m.
This way of fixing the soil was simulated when
the elasticity module of the sand layer from 5 to
20 MPa. On the basis of calculations, we plot the
dependence of the vertical deformation of the
frame from the modulus of sand with a cement-
sandy consolidation of the soil (Fig. 9). Loading
was tried on from the weight of all models.
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Fig. 9. Dependency diagrams of vertical deformation casing from the modulus of sand when executed grouting

The schedule of deformations in fig. 9 shows
that after performance of artificial fixing of soil
vertical deformations of a tunnel decreased on the
average by 5.5 mm, that is approximately by a
third from maximum them deformations in the ab-
sence of soil strengthening at the module of elastic-
ity of 5 MPas. Besides such fixing of the soil is
effectively as for not watered sand with the high
module of elasticity, and water-saturated sand.

Originality and practical value

In paper identifies the main cause significant
strain on the transition zones from spondylov’s
clay to Buchatskiy Sands, due to a phenomenon
vibration liquefaction basis under the tunnel and

defines scientific novelty of the research. The ap-
proaches to reduce the strain in the construction of
main line tunnels in the transition zone from
spondylov’s clay to Buchatskiy Sands, as well as
near the station «Glybochytska» of the Kyiv Sub-
way and this is the practical significance of this
work.

Conclusions

On the basis of the conducted research of the
running tunnels, which designed, near the station
«Glybochytska» (the Kyiv subway) the following
conclusions were drawn:

1. The presence of weak water-saturated soils
in the tray part of tunnels, and also in the area
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«Glybochytska», on a transition zone from the
spondylov’s clay to Buchatskiy Sands causes es-
sential increases of deformations as designs of tun-
nels, and also the general vibration liquefaction in
a soil basis.

2. Executed scientific study shows that changes
in physical and mechanical properties of soils
within the frames of tunnels influences the level of
strain state of most frames.

3. Results of mathematical modeling indicate
that the optimum sealing tunnels is the EGE 73
(spondylov’s clay), since strain state at such occur-
rence was characterized by lower values of dis-
placements.

4. Soaking the sand layer in the case of rising
groundwater level will increase drawdown struc-
ture as a consequence of the reduced modulus of
sand. The dependence between the deformation of
the frame and a decrease in the elasticity modulus
of sand is linear.

5. Injection of cement-sandy solution under
tray part of the tunnel significantly reduces vertical
deformation of the frame and is quite effective and
inexpensive method of dealing with large deforma-
tions rims tunnels.
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AHAJII3 JE®@OPMOBAHOI'O CTAHY KOHCTPYKIII NEPETTHHUX
TYHEJIIB KUIBCHbKOI'O METPOIIOJITEHY HA JLIBHUIII
HEPEXOAY Bl CIIOHAUJIOBUX I'VIMH 10 BYYAIIBKUX IIICKIB

Mera. Ha ninpHUNI 3MiHH iHKEHEPHO-TCOJIOTIYHMX YMOB i3 CIIOHAWJIOBHX TJIMH Ha OydambKi TiCKH MOXYTh
BUHUKATH 3Ha4HI JedopMariii KOHCTPYKIi MepeTiHHuX TyHeniB. ToMy B TPEICTaBICHOMY MOCTIIKCHHI HEOOXiTHO
BUSIBUTH TIPUYUHY PO3BUTKY JAedopmartiid, po3poOuTH NUIIXH 11 MiHIMI3aLli Ta Ha OCHOBI MOJIENIFOBaHHSI i PO3paxyHKIB
JIOBECTH e(pEeKTUBHICTh 3aX0/IIB 31 3MeHIeHHs fedopmariid. Meromuka. /I BUpIlLIeHHs TpoOJIeMH aHali3y HaIpyKEeHO-
nedopmoBanoro crany (HJIC) cucremm «KOHCTPYKIUSIT — MAacuB» IPOBEAEHO YHCIOBE MOJEIIOBAHHSI METOIOM
ckinuenHux enementiB (MCE). Ha ocHOBI oTpuMaHux pe3ynbTaTiB oOynoBaHO rpadiky Ta BCTAHOBJICHO 3aJI€KHOCTI.
PesyabraTn. HasBHicTh CllaOKMX BOJOHACHYEHMX IPYHTIB y JIOTKOBIM YacTHHI TyHENIB Ha JAUIBHUILI TEpEeXony Bil
CIIOH/IMJIOBHX TJIMH 10 OydYallbKHX ITICKIB BHKIIMKAE CYTTEBE IMiJIBHIIEHHS JedopMaliii KOHCTPYKLIT TYHEINIB, a TaKoX
3arajibHI BIOpOOCiIaHHS B IPYHTOBIH OocHOBI. KpiM Toro, 3MiHa (i3MKO-MEXaHIYHHX XapaKTEepUCTHK IPYHTIB y MeXax
OIIpaBU TYHEJIB CYTTEBO BIUIMBAa€ Ha PiBeHb Je)OPMOBAHOIO CTaHy camMux onpas. [lokpatieHHs1 1e)opMOBAHOTO CTaHy
OIIpaBU TYHEJNIB Ha AUITHKAaX 3MiHM XapaKTEPHCTUK IPYHTIB HABKOJIMIIIHHOIO MAacUBY (OCOOJIMBO ITJICTEISIOUHX OIIPaBy)
MOXe OyTH IOCSATHYTO HUISXOM XIMIYHOTO 3aKpIIUIEHHS CIa0KuX IpyHTIB. CKIIax PO3YMHIB UTS 3aKpIIDICHHS CIAOKIX
TPYHTIB TIOBMHEH BH3HAYATHCS HAa OCHOBI BHBYEHHS IX TPaHyJIOMETPHYHOTO CKJIAy, TOKa3HUKIB MOPUCTOCTI Ta {HIIMX
(hi3MKO-MeXaHIYHUX 1 (PI3UKO-XIMIYHUX XapaKTepuCTUK IpyHTiB. HaykoBa HOBHM3HA. BUSBIEHO OCHOBHY NPHYMHY
3HaYHUX JedopMalliii Ha AUIBHUILI MEPEXO/y Bijl CIIOHJMIOBUX INIMH JI0 Oy4allbKUX ITICKIB, IO TOSICHIOETHCS SBUILEM
BiOpOOCiqaHHA BOAOHACHYEHOI OCHOBH Tif TyHeneM. IIpakTuyHa 3HauyMMicThb. Po3pobieHo migxoan 3i 3MEHIICHHS
nedopmartiit mpu OyAIBHUITBI MEPETiHHUX TYHEIB Ha IUISHII MEPEeXOny BiJ CIIOHAWIOBHX INIMH 0 OyJarpbKuX ITICKiB,
\a TakoX y 30Hi cTaHIii «I mndounibka» KUiBChKOro METPOIIONITEHY.

Kniouosi cnosa: BiOpoocimaHHS BOJOHACHYCHOI OCHOBH, METOJA CKIHUCHHHX €JIEMEHTIB, HalpyXeHO-
nedopMoBaHMil CTaH; epexij Bijl CIIOHUIOBUX TIIHMH JI0 Oy4yanbKuX MicKiB; aHati3 nedopmariit
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AHAJIN3 JE®OPMUPOBAHHOI'O COCTOSIHUS KOHCTPYKIIUIA
MNEPEITOHHBIX TOHHEJIEM KUEBCKOI'O METPOIIOJIMTEHA
HA YYACTKE ITEPEXO/JA OT CIIOHINJIOBBIX I''IMH

K BYYALIKUM ITIECKAM

Hesab. Ha yuacTke n3MEHEHUs] HH)KEHEPHO-T€OJIOTMUYECKUX YCIIOBUI OT CIIOHMIIOBBIX TIIMH K OYYaHCKUM MECKam
MOT'YT BO3HHKATh 3HAYUTENIbHBIC JIe(opMaIMi KOHCTPYKIMH NEPErOHHBIX TOHHENeH. [103ToMy B MpeiCcTaBIeHHOM
HCCIIEIOBAHUU HEOOXOMMO BBISIBUTH MPUYMHY Pa3BUTHUs AeopMaliuii, pa3paborarth MyTH MX MUHHUMHU3ALUMA U HA
OCHOBaHUM MOJIEIMPOBAHUS M PACUeTOB JI0Ka3zaTh A(P(EeKTHBHOCTH MEPONPHUSTHII 1O YMEHbIICHHUIO AehOopMaluii.
Mertoauka. Jlns perreHuss mpoOiieMbl aHaIW3a HanpsbkeHHO-IehopmupoBanHoro cocrostaust (HJC) cuctemsr
«KOHCTPYKIIHS — MAaCCUBY MIPOBEICHO YHCICHHOE MOJICIIMPOBAaHIE METOIOM KOHEUHBIX 3meMenToB (MKD). Ha ocHoBe
MOJTyYEHHBIX PE3YJIbTaTOB NOCTPOEHBI IPAMKK M YCTAHOBJIEHBI 3aBUCMMOCTH. Pe3yabTaThl. Hannuue cinabbix Bojo-
HaCbhIIICHHBIX TPYHTOB B JIOTKOBOM YaCTH TOHHEJEH Ha Y4acCTKE mnepexoga OT CIOHAWJIOBBIX TI'JIMH K 6y‘iaHCKI/IM I1eC-
KaM BBI3bIBAET CYIIECTBEHHOE IOBbIIEHHE JedopMaluii KOHCTPYKLIMHM TOHHENEH, a Tarke o0le BUOPOOCaJKU
B TPYHTOBOM OCHOBaHMH. Kpome Toro, m3MeHeHHe (U3MKO-MEXaHMYECKHX XapaKTEPUCTHK TI'PYHTOB B IIpenenax
00/IeNKN TOHHENEH CyIIECTBEHHO BIMSET Ha ypPOBEHb J1epOPMHUPOBAHHOIO COCTOSHHUSI CaMHMX OOZENOK. YIIydIlIeHHe
Jie(hOpMUPOBAHHOTO COCTOSIHUSI OOJIEIOK TOHHEJNEH Ha yJacTKaX M3MEHEHHs XapaKTepHCTHK TPYHTOB OKPY)KAIOIIETO
MaccuBa (0COOCHHO TMOJCTHNIAIOMINX OOIETKY) MOXKET OBITh TOCTHTHYTO ITyTEM XHMHUYECKOTO 3aKpEIUICHUS CIa0BIX
rpyHToB. COCTaB pacTBOPOB JJIsl 3aKPEIUICHUS CIA0bIX IPYHTOB JOJDKEH ONPECIAThCS HA OCHOBE H3YYCHHS UX
rPaHyJIOMETPUIECKOTr0 COCTaBa, MOKa3arenaell MOPUCTOCTH U APYTUX (PU3UKO-MEXAHUYECKUX M (PU3UKO-XMMHUYECKUX
XapakTepuctuk rpyHtoB. Hayunasi HoBu3Ha. OOHapyKeHa OCHOBHAsI IPUYKMHA 3HAYMTENBHBIX AedopMalnii Ha y4ya-
CTKE TIepexo/ia OT CIOHIMIOBBIX MIIMH K OYYaHCKUM IECKaM, 4TO OOBSICHSETCS SIBICHHEM BHOPOOCA/IKU BOJIOHACHI-
LIEHHOTO OCHOBaHMs 1o/ ToHHeNeM. [lpakTHyeckasi 3HAYMMOCTh. Pa3paboTaHbl MOIXO/bI 0 YMEHbLICHHIO 1edop-
Malui pyu CTPOUTEIHCTBE EPETOHHBIX TOHHENEH Ha yJacTKe Mepexoa OT CIIOHIMIOBBIX INIMH K Oy4aHCKHM IecKaMm,
a Taxoke B 30He craHiuu «I npidounikasy Kresckoro merponoymrexa.

Kniouegvie cnosa: BuOpoocaka BOJOHACHIIIEHHOTO OCHOBAHMS; METOJ] KOHEYHBIX 3JIEMEHTOB; HAIPSKEHHO-
JeopMUPOBAHHOE COCTOSIHUE; MIEPEXO0]] OT CIIOHIMJIOBBIX INIMH K Oy4aHCKUM I1€CKaM; aHaIu3 ieopMaruii
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