yacmel MEXHUKU, YMEHbWUMb CI/IOXKHOCMb MEKywea0 pPemMoHma,
Jlyduwe ucronb3o8ame 3arnacHble 4Yacmu Ha PEeMOHmM  MauwluHbl,
ornpedernsambs O0CmamoYHbIl pPecypc U, makum obpa3oMm, yMeHbUW UMb
obwyto cmoumMocmb pPemMoHmMa CelbCbKOX035UCMBEHHOU MEXHUKU,
mpakmopos u asmomobursed.

KnioueBble cnoBa: 2osiozpaghusi, mexHuU4ecKkoe COCMmosiHue,
duacHOoCcmupoeaHue,  MUKpPoOegopMupo8UHUE, MO0B8EPXHOCMb
demarb, ¢huzuvdeckue pa3mepbl
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Abstract. Calculations of envelope structures of deep pits with
developing of universal design models for soil mass in a contact with
rigid elements of pits and foundations using methods of nonlinear theory
of elasticity and plasticity and their computer realization is the actual
modern problem of buildings and structures design.

Calculations of envelope structures of deep pits with developing of
universal design models for soil mass in a contact with rigid elements of
closures of pits and foundations using methods of nonlinear theory of
elasticity and plasticity and their computer realization is the actual
modern problem of buildings and structures design.

The basis of introduced method is the generalization of
dependence of soil mechanics for getting rules that allow more precisely
know the meaning of deflected mode of closures of pits, bases and
foundations of adjacent buildings depending on the heterogeneity of soil
base. This method of determination of rated characteristics of soil base
differs from others because it allows take into account not only its
heterogeneity but also anisotropy of physical-mechanical characteristics
of soils, separate elements and their replacement.

Fulfilled preproject researches of the interaction of space-enclosing
structures of deep pits with soil half-space that include the bases and
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foundations of existing buildings indicate that erection of new
administrative building practically doesn’t violate the conditions of the
equilibrium of the ground and underground parts of existing nearby
building and doesn’t cause any considerable internal efforts in their
structure.

Key words: sheet-pile retaining wall, calculation methods, soil,
stability, earth thrust, building, foundations, displacement, strains,
bearing capacity of soil

Analysis of recent research results. The research connected
with calculation of sheet-pile retaining wall was started from the
analytical review of available literature. There were chosen several basic
works, among which are: Rengach V. N. “Sheet-pile retaining walls.
Calculation and Design” [1]; Tsytovich N. A., Ter-Martirosyan Z. H.
“Basis of applied geomechanics in construction” [2]; laropolskiy I. V.
“‘Basis and foundations” [3]; Harr M. E. “Basis of soil theoretical
mechanics” [4].

Purpose of research. After the analysis we make important
decisions connected with design model configuration and choosing the
right way of loading implementation.

Results of research. Retaining wall is the structure that is
intended for supporting the soil mass from avalanche when the slope
gradient is greater than limit. Under construction there is often happens
the situation when the natural slopes are cut, their stability is saved
under gradient slope ¥, that is named as natural gradient slope. New
slope with angle W that is greater than ¥, cannot be stable and it will
slough if will not be supported by the retaining wall (Fig. 1).

Yo

Fig. 1. Natural state of the soil and supported by the wall state.

In such case the retaining wall will be under the action of soil that is
the result of soil weight and its dispersion. Retaining walls are subdivided
into gravity, flexible and sheet-pile retaining walls.

The stability of gravity walls is provided by their own weight, and
the stability of flexible walls — by the own weight and the soil weight that
is lying on thin back slabs.
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The stability of sheet-pile retaining walls are provided by binding to
the soil mass in the combination with tension bars fixed to the anchor
structure (pile) or by distance bars installation.

ANAN\NRNNNY,

Fig. 2. Gravity, flexible and sheet-pile retaining walls: 1 — anchor
pile, 2 — tension bar, 3 — distance bar.

Theoretical base for retaining wall calculation is the Coulomb
hypothesis based on next statements:

1) In the backfilling soil under specific condition there is the prism
of the sliding ABD, limited from the other soil that is in the before-limit
state by the sliding plane AD (Fig. 3);

2) The inclination angle of the plane of sliding AD should be so that
the active pressure E, should be maximal;

3) Reaction R from the soil in the before-limit state is inclined from
the normal to the plane of sliding AD on the angle of internal friction ¢ to
the side opposite to the prism movement;

4) Force of active pressure E, (reaction of the active pressure),
acting on the back side of the wall AB inclines from the normal to the wall
on the angle §. ¢ is the friction angle of the soil and wall material. Sliding
wedge is in the equilibrium under the action of forces G (dead weight), R
and E.,.

D

Fig. 3. Simplified design model of the slurry wall operation.
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Brinch Hansen is the follower of the limit states theory proposed
the method of calculation of flexible anchored walls in which he review
the backfilling soil state and the limit state of the sheet-pile retaining wall
including the appearance of plastic hinges in it. Special attention Hansen
gave to the kinematic compatibility of soil and wall deformations.

According to the Hansen’s method under the corresponding depths
of the pointing chisel dipping and the dimensions of soil thrust in the
sheet-pile wall there are possible only 1 or 2 plastic hinges, kinematic
scheme of the sequence of their creation is given on fig. 4, a, b, c.
On the Fig. 4, d there is the diagram of the soil pressure of the anchored
metal wall under 2 plastic hinges presence. On these figures: F; — friction
force with the wall; Qa and Qn — correspondingly the resultant force of
active and passive pressures of the soil on the wall; M — bending
moment; N — longitudinal force in the wall; s — reaction of the soil from
the wall weight.
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Fig. 4. Graphical interpretation of the loading process on the wall
according to Hansen’s theory: a, b, ¢ — kinematic scheme of the
sequence of the creation of plastic hinges; d — diagram of the loading of
the soil to the wall under presence of vertical distributed loading (before
creation of plastic hinge).

The order of the sheet-pile retaining wall: in the beginning we set
the position of the anchoring tension bar and initially set the position of
the plastic hinge on the distance h; from the top of the wall; later
according to Hansen’s tables we construct the diagram of soil pressure
for the part of the wall with height h; that is rotating around the point of
fixation of tension bar with wall. The ordinate of the diagram of active
pressure near the bottom is set according to the table data for solid walls
moved forward and connected by the straight line with the upper part of
the diagram near the plastic hinge. Points of the diagram of passive
pressure of the soil are also set according to the table data.
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Calculation of retaining walls made of drilled piles is provided as for
plane system. Loadings acting to the wall and the soil surface are
brought to the considered row of piles for the multi-row variant or to the
single pile for single-row variant.

For multi-row variant the height of the grillage h,, m must be such

that the condition will fulfill:
a

hp 27, (1)
where: a — the distance between axes of outside piles in the plane of
load action, m.

The distance between piles is set in the dependence of the soll

punching between piles:
b <514 L2 ()

where: b — the clearance between piles |n the row, m; ¢, — design value
of soil cohesion, kN/m?; |, — height of the break, m; d — diameter of the
pile, m; E, — value of active soil pressure, kN/m.

Calculation of drilled piles in single-row variant in the retaining wall
to the horizontal and moment loading are provided in accordance with
next demands:

- value of proportionality coefficient K, kN/m* is taken in
dependence from the soil type below the plane of break near the pile;

- conditional width of the pile B, m is taken not more than the
distance between piles axes;

- calculation of the base stability, surrounding the pile, is taken
under the coefficients value ni-n, = 0.8;

- design values of horizontal displacement of the piles head, A,
m, and angles of the piles rotation y, rad, should be taken in accordance
with formulas:

Ay=yo + ol + (11q;, + 4q,) 1205, (3)

P = o + S (4)

where: y, and o, — design values correspondingly of horizontal

displacement of the pile, m, and rotation angle, rad, in the level of plane

of the break; |, — value of the pile break, m; q; and g, — distributed

loading from the soil pressure, kN/m; E. — initial elasticity module of the

concrete of the pile body for compressmn kN/m?; | — inertia moment of
the pile body cross-section, m*.

Retaining walls must be calculated by two groups of limit states:
first group (on stability of wall position against shift and on strength of
structural elements); second group foresees the inspection of base for
acceptable deformations and structural elements on acceptable
meanings of cracks.

76



Influence of the retaining wall displacement on the lateral earth
thrust. The main theory concerning the earth thrust belongs to Coulomb.
But Coulomb didn’'t achieve theoretical basis for determination of the
earth thrust distribution along the wall. In his law he just supposed that
that this distribution is quasi-hydrostatic and in accordance with it the
resultant of the earth thrust is situated on the of 1/3 of the wall height
from its basis. The results of experiments fulfiled by Terzaghi and
Chebotarev proved Coulomb notion about the earth thrust for very stiff
retaining walls with sand backfilling during their turn around the own foot.
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Fig. 5. Scheme of piles in single-row variant of the retaining wall.
0
T
/

Fig. 6. Turn of retaining wall around the foot out of the backfilling.

Under other kinds of displacements such as turn around the top or
the center of the wall or translation the experiments showed that the
thrust distribution has the form close to the parabolic. Though the
mechanism causing such differences hasn’'t fully estimated. In
accordance with fulfilled experiments the difference between distribution
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of thrust in stiff retaining structures and flexible walls is the function of
displacements depending on the height position in the structure.

Let’'s consider comparatively little known method of determination
of thrust distribution that have significant advantages. This method was
published in 1963 by G. A. Dubrova and has the name of “method of
thrust distribution”. On the figure 7. (a) it is shown how the stiff wall turns
around the center. On the figure 7. (b) it is shown the mechanic scheme
of soil interaction with the wall that was presented by Dubrova. It is
evident that when the upper part of the wall AO press on the soil the
backfilling situated below the line Ob passively presses on the wall. By
the analogy, the lower part of the wall under the turn out from the soil will
perceive active press from it. The distribution of such thrust along the
wall is not known. To avoid this problem Dubrova concede that in such
case the limit passive state exists only near the top of the wall, but the
limit active state — only near the bottom of the wall and both these states
exist simultaneously.
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Fig. 7. Earth thrust of the stiff wall with turn around the center:
a — displacement scheme of the wall; b — interaction between the soil
and the displacing wall; ¢ — scheme to the formula (5).

So the resultant force F along the line damage line BC, crossing
through the bottom of the wall will be inclined on +¢ angle to the normal,
when the resultant force F along the damage line for limit passive state
crossing through the point A (on fig. 7 — b, this line displaced below)
make with normal angle —¢. Between these limit states there is supposed
to exist infinite number of destruction lines with angles of the inclination
of resultant forces F concerning normal to these lines that are changed
from —@ to +¢@. Designating the angle between force and normal to each
line via w, Dubrova supposes that changing of this angle with sweep
z (vertical distance from the top of the wall to the point in which the
destruction line intersects with the wall) is the liniar (Fig. 7, c) or:
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P =—==0. ()
Resultant force F, along the line of destruction Ob will be
perpendicular to it. In the basis of this assumption there is observation
that proved the degree of mobilization of soil strength depends directly
from the allowed displacement of the wall. So in the 0 point the
displacement is equal zero than @=0 along the Ob line and the resultant
force Fy will be perpendicular to the line of destruction.
Further Dubrova accept the assumption that the correctness of the
Coulomb’s decision. Than the angle between the line of destruction and

the horizontal under each z will be equal:
_T ¥ _r_9 97
- - -, . 9 B 4 + 2 B 4 2 + H .- - - (6)
This definition allows connect the consideration of passive and

active thrusts in the single expression. Fulfilling this substitution, we

receive under each z:
2

P=—"_|— - (7)
2cos6 (Cosw)wm
To determine the distribution of the thrust along the wall we
determine the derivative from the equation (7) on z and have:

_ar _ vy zcos*y  2z*@cosy . 1+m? ]
p(Z) " dz  cosé [(1+msinlp)2 H(1+msiny)3 (Slnl/) + 2m ) ’ (8)
where: m = [1 + (%)]1/2.

For the particular case when the surface friction can be neglected,
0=0 and the equation can be expressed in the view of:
2
p(2)o = tg? (45 %) (2 — o). (9)
Dubrova simplify further the equation (8) taking m as a constant. It
means that the surface friction along the wall is considered as the
function of the soil strength and therefore the constant value of ¢ but not
the function of the angle w of the destruction plane. It shows that it is
possible without large error to accept

L~ . 8)
So when 6=0 the value m=1 and
(1+m?)/2m=1. (9)

than the equation will be independent from these assumptions.
Transforming the formula Dubrova gets:
zcos? 2z%¢@cos .
p(Z) - ccj;é‘ [(1+msinlf]/))2 N H(1+‘r(fzsinz)3 (SlTll/) t m)]’ (10)
where: m=[1+(tgd/tgep)]*~.
Conclusion that leads to equations (10) and (9) is the basis of the
Dubrova method. So it is possible to determine p(z) for each turn of the

wall if @ is given.
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Evenly distributed along the surface of the backfilling loading with
intensity g in accordance with considered earlier assumptions can be
regarded as the imaginary soil layer with height h=q/y. For smooth
vertical wall (6=0) with horizontal backfilling under the evenly distributed
loading g the loading formula will have such expression:

2
P = (B-+Hq)tg? (45 £2) (11)
where sign plus is taken for passive pressure, sign minus — to active one.

For mentioned above assumptions we receive next thrust
distribution (Coulomb’s law, when 6=0).

2
p(2)o = tg? (45 —3) (vz + q - 2EEZE), (12)
where: Y = (2¢pz/H) — ¢.

Let’'s calculate the equivalent soil layer for substitution of the
loading from the existing building with this extra soil layer. Proportionally
to the thickness calculate the average value of the angle @° and specific
weight y:
23-10+185-8+20-3+19-45+12-3,0+9-12

= 10+8+3+45+3+120
_6675 ' .
405
0,00162 - 10 + 0,001885 - 8 + 0.00182 - 3 + 0,00185 - 4.5

Y= +

40,5
0,00199-3 +0,002-12  0,075035 000185 kg a5t
40,5 N 40,5 cm3

Distributed load from the existing building can be calculated as the
total weight divided on its total length in the plane view of the problem:

_35,5-10_566 t
1= 638  mz
The additional soil layer height in such case will be:
. P 556 _30
Y185 m
The load distribution according to Coulomb:
B _y ! ]2— 5[ . 315055
vy L(1/cosp) +tgpl T l(1/cos16,5) +tgl16,5] T
= 17,569m.
Coulomb’s decision:
17,569 - 31,5

= 276,71m?.
> m

Solution of nonlinear problem of limit equilibrium of soil masses
under interaction with envelope structures by numerical methods of finite
elements. Calculations of envelope structures of deep pits with
developing of universal design models for soil mass in a contact with
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rigid elements of closures of pits and foundations using methods of
nonlinear theory of elasticity and plasticity and their computer realization
is the actual modern problem of buildings and structures design.

1. Thrust distribution along the wall according to Dubrova’s
method and from numerical method of finite elements.

tg 22%¢ P(zrz]/y, P(kn)]/y, Numerical
o :
z,m | ¥, (45-2) cosy Hcosp | (without |  (with calculation,
2 m
load) load)
3,0 -13,36 1,6 0,9729 0,17 4,528 9,06 5,03
6,0 -10,22 1,43  0,984133 0,658 7,64 11,44 9,15
90 -7,08 1,28 0,99237 1,47 9,64 12,81 10,42
12,0 -3,94 1,14  0,997636 2,60 10,76 13,34 10,74
150 -0,8 1,028 0,9999 4,05 11,258 13,43 10,07
18,0 2,34 0,92 0,999914 5,89 11,16 12,95 9,22
21,0 5,48 0,82 0,99538 7,97 10,78 12,08 8,01
24,0 8,62 0,74 0,98862 10,49 9,99 11,11 6,74
27,0 11,76 0,65 0,97890 13,40 8,92 9,69 5,46
30,0 14,90 0,57 0,9662 16,76 7,64 8,2 4,27
31,5 16,47 0,558 0,95897 18,6 7,19 7,7 3,35
0
3.0
6.0
9.0
12.0
15.0
18.0
21.0
24.0
27.0
30,0 Py,
315
1l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
depth, m

Fig. 8. Earth thrust diagrams. 1 — Coulomb’s assumptions (without
q); 2 — Coulomb’s assumptions (with q); 3 — Dubrova’s assumptions
(without q); 4 — Dubrova’s assumptions (with q); 5 — Finite elements
method results (with q).

The basis of introduced method is the generalization of
dependence of soil mechanics for getting rules that allow more precisely
know the meaning of deflected mode of closures of pits, bases and
foundations of adjacent buildings depending on the heterogeneity of soil
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base. This method of determination of rated characteristics of soil base
differs from others because it allows take into account not only its
heterogeneity but also anisotropy of physical-mechanical characteristics
of soils, separate elements and their replacement [5, 6].

Comparative results are shown on Fig. 8.
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Fig. 9. Bending moments and displacements diagram in the cross-

section of retaining wall according to calculation by finite elements
method.

Calculation on the strength of structural element of the sheet pile
wall using the numerical calculation results of the deflected mode.

Data: .
Pile’s diameter — 820 mm.

Concrete class C25/30.
Protection layer — a=30 mm.

(2820
20 925
A 400

"”/ , Be

735

Fig. 10. Scheme of bringing the real pile cross-section to equivalent
one. Accept he=De.

1) Determination of the area and thickness of equivalent
reinforcement ring

Y Fpas = 20 - 4,91 = 98,2 cm?

ZF@ZS =T1-" dk ' 6]( = 98,2 sz (13)
8, = 25225 — (4253 em (14)
dy
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2) Determination of parameters of equivalent rectangular cross-
section of the pile is fulfilled through the system of 2 equations:

behd .
E, 0 = Eglg, (15)
E.boh, = EjA,.

2
Substitution of the system (15) gives: he 9ty _ = Egly; he = /—ijIg;
gg

Eglg = E5]5 + ECTICT; EgAg = E5A5 + ECTFCT;
Es =3,31-10%kgf/cm?, E.. = 2,1-10%gf/cm?.

2 2
FCT—982cm As ="-—982="""-982 =5182,81 cm?.

Igfonxc =— —IX; 1K = 0,3926d36 = 6,62991 - 10* cm*
4
1%~ ”842 —66299,11 = 2,1530465 - 10° cm?*;
E,l, = 3,3-10°-2,1530465 - 10° + 2,1 - 10° - 6,62991 - 10* =
= 8,51886 - 101 kgcm?;
E A, = 5182,81-3,31-10° + 2,1+ 10° - 98,2 = 1,92173 - 10°kgf;

_ |12-8,51886- 101!
e 1,92173-10°

= 72,94 cm.

Accept he=96,0 cm.
_Es;A; 192173 10° B c gf
e=Thz = 962 =2,09-10 o
For the considered cross-section we have next geometric and
physical-mechanical characteristics:
- Area of the reinforcement; F4=98,2 cm?.
- Area of the concrete: Fy,.=5182,81 cm?.
- Inertiaa moment around x-x of the reinforcement:
15=6,62991-10* cm*”.
- Inertia moment around X-X of the concrete:
leonc=2,1530465-10° cm”.
Moment resistance of the reinforcement:
6,62991 - 10*
Wee = 36,75

Moment resistance of the concrete:

106
W, = 222220 = 52513,33 om®,

Concede that strains in the cross-section of the steel concrete
structure are redistributed between steel and concrete elements
proportionally to the correspondent stiffness, it means that parts of whole
strains from the longitudinal forces are distributed proportionally to
longitudinal stiffness, and parts of bending moments distribute

= 1804,05 cm3
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proportionally to bending stiffness. Determine the value of redistribution
of longitudinal forces and bending moments:
Mpax " Ese "I 1221,8-100-2,1-10°-6,62991 - 10*

M =
st El 8,51886 - 1011
= 199,68 kN - m.
y ~ 1221,8-3.31 - 10° - 2,1530465 - 10° — 102212 kN
conc — 8,51886 - 1011 - , "

Check: 199,68 + 1022,12 = 1221,8 kN-m.
Noax * Est  Fs 10552 2.1-10°- 98,2

N = = 113,23 kN.
st EF 1,92173-10°
Novar " Econe " Frone  1055,2+3,31-10° - 5182,81
N. = = = 941,96 kN.
conc EF 1,92173 - 10°

st Ng: Mg 113,23  199,68-100
Omax = T = T
min FSt WSt 98,2 1804‘,05
= 240 MPa.
Ryy. = 240 MPa (for steel A240C).
conc. __ NCOTLC

M.n. 941,96 1022.12-100 kN
Omax = = = 2,126 — = 21,26

min. Feone = Weone 5182,81 * 52513,33 cm?
< (21,4MIIPa).

Design resistance of the concrete of class C25/30 on the second
group of limit states is 22,4 MPa, so the strength is provided.

Conclusions. Structure of the pilling wall of the pit is accepted in
the “slurry wall” type that is made (according to the design) of injected
piles of diameter 820 mm of concrete class C25/30 with longitudinal
reinforcement rods — 24025 mm A240C (instead of initially accepted
A400), and under this there is provided piles lowering to the relative
depth of 31,35 m at absolute values of the up — 186,5 m and down —
155,15 m on the whole perimeter of the pit in the accordance with the
plan.

Fulfilled preproject researches of the interaction of space-enclosing
structures of deep pits with soil half-space that include the bases and
foundations of existing buildings indicate that erection of new
administrative building practically doesn’t violate the conditions of the
equilibrium of the ground and underground parts of existing nearby
building and doesn’t cause any considerable internal efforts in their
structure.

= 122,2 MPa < Ryy,
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METOAU PO3PAXYHKY NiAMIPHUX CTIH
€. A. bakynin, B. M. bakynina, H. O. Kocmupa

AHoTauif. Po3paxyHKu 020p00Xy8aslbHUX KOHCMPYKUiU 2r1uboKux
KomjiosaHig 3 rnoby0doeoto yHieepcarsibHUX po3paxyHKosux mooesieu Ors
IPYyHMOB8020 Macusy rpu KOHMakmi 3 XXOPCMKUMU efleMeHmamu 020P0X
KomrsiogaHig I ¢byHOaMeHmI8 i3 3acmocy8aHHAM MemoOi8 HesiHIUHOI
meopii Npy>XHocmi | rnracmu4yHocmi ma ix KoMri'romepHa pearisayis €
akmyarsbHoK rpobrieMord Cb0200eHHO20 rpoeKkmyesaHHs1 bydigerib ma
criopyo.

B ocHosy 3arnporoHogaHOi MemoOuKu MoKnadeHo y3a2allbHeHHS
3anexHocmeul MexaHiku rpyHmie 05 ompuMaHHs 3aKOHOMIpHocmed,
wo oOoseonsame  binbw  06rpyHMoeaHoO eu3HadYamu  8eJlUHUHY
Harpy)xeHo-0ehopMo8aHO20 cmaHy 020POX KOomJsiogaHie, OCHO8 ma
yHOameHmie npuneanoi 3abydosu 3anexHo 8i0 HeOOHOPIOHOCMI
[PyHmMoeoi ocHoeu. [aHul niOxi0 8U3Ha4YeHHS  PO3paxyHKOB8UX
xapakmepucmukK pyHmMoeoi 0CHOBU 8IOPI3HAEMbCS muM, Wo 00380J15€
gpaxogyeamu He mMminbKuU ii HeOOHOPIOHICMb, arie U aHi30mporiHiCmb
QI3UKO-MexaHIYHUX XapakmepucmuK IpyHmie, OKpemMux esieMeHmis i ix
3MIHY.

Y pospaxyHKkosil cxemi 3adayi rnepedbadyaembcs OucKpemHe
MOOEJTHB8aHHS 710CK020 rpyHmMo8o20o HEOOHOPIOHO20
(6bazamowapoeoao) nisrpocmopy 3 Hasi8HICMIO MOPOXHUH (KOmJiioeaHie
Hog0oby0o8, Mid03eMHUX TMPUMIWEHb ICHyO4oi 3abydosu) i BKITHYEHb
(ennemMeHmie  020pPO0XKy8aribHUX KOHCMPYKUil, 3axUCHUX eKpaHis,
yHOameHmig nipuneanux 6ydigerb i criopyod).
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BukoHaHi rnepeonpoeKmHi 00C/1iOXXEHHS 83aemo0ii
020pP00XKYy8allbHUX KOHCMPYKUIU 2rnuboKux KomrioeaHie 3 [PpyHmMoeum
nisrpocmopom i rPyHMoB8UMU OCHo8aMmu | ¢hbyHOameHmamu iCHYHYUX
bydieesnib 3aceidvyrome, wWo 6ydisHUUMEO HOBOI bydieri npakmu4yHo He
rnopyuwye ymosu pigHog8aau Ha03eMHOI | ni03eMHOI YacmuHuU iCHYHYUX
bydigesib i He BUK/UKae 3Ha4yHUX 000amkoeux 6HyMPpIlWHIX 3ycullb 8
KOHCmMpyKuisix yux 6yoiserb.

KniouoBi cnoBa: KOHCmpykuiss «cmiHa y rpyHmi», memoou
PO3paxyHKy, rpyHm, cmitikicmb, muck rpyHmy, 6ydiens, ¢pyHOameHmu,
nepemiweHHs1, deghopmauii, Hecy4ya CrIPOMOXXHICMb r'pyHmMy

METOObl PACHETA NOAMNOPHbLIX CTEH
E. A. bakynuH, B. M. BakynuHa, H. A. Kocmbipa

AHHOTauuA. Pacyémbl oepaxdaruwux KOHCmpyKuul aryboKux
KomrsogaHo8 C MOCMPOEHUEM YHUBepcCallbHbIX pacyemHbix Moderneu
0r1s 2pyHMo8o020 Maccusa rnpu KOHMakme ¢ XECmKUMU 3rieMeHmamu
oepax0eHUlU KomsioeaHo8 U (byHOaMeHmo8 C UCro/ib308aHUeM
MemoO0o8 HeJsluHelUHoOU meopuu yrpyaocmu U naacmuyHocmu ux
KOMrbomMepHas  peanusauyus ecmb  akmyarnbHou  npobrnemol
Ce200HSAUWHE20 NMpoeKkmuposaHusi 30aHull U COOpyKeHUU.

B ocHoge npedrioxxeHHoOU MemoOUuKU 3arioxeHo obobuweHue
3asucumocmel MexaHUKU 2pyHmoes Orisl rosly4eHusi 3akoHomepHocmed,
Komopeble ro3eonsaom bornee o060cHo8aHO ornpedesiumb  8elUYUHY
HanpsiXxéHHo-0eghopMUPO8aHHO20 COCMOSIHUS oepaxxoeHu
KomJioeaHo8, OCHO8aHUU U ¢hyHOaMeHmMos rpuriezarou,el 3acmpouKku 8
3asucumMocmu om HeOOHOPOOHOCMU 2PYHMOB8020 OCHOB8aHUS. [laHHbIU
nooxo0 oripedesieHUss pacyemHbIX Xapakmepucmuk 2pyHmMoe8o20
OCHOB8aHUsI omru4yaemcsi memM, 4Ymo [10380/515em y4yumbleampe He
moJibKO HEeOOHOPOOHOCMb OCHOBaHUS, a U aHasusuposambs U3IUKO-
MexaHU4YecKue xapakmepucmuKku 2pyHmo8 omaoesibHbIX 3/1IeMEHMo8 U

UX 3aMeHy.
B pacyemHoli cxeme 3adayu npedycmampusaemcs OUCKPEemHoe
mModesnuposaHue MI0CKO20 2PyHMOo8020 HEeoOHOPOOHO20

(MHo20C/I0UHO20)  noslyripocmpaHcmea €  SI8HbIMU — [lycmomamu
(komrmoeaHo8 HOBOCMPOEK, Mod3eM-HbIX rnomMeweHul cyuwecmsyrouwel
3acmpolKu) U BKMHYEeHUU (351eMeHmMos8 ozpaxoarouux KOHCmpyKyud,
3aWUumHbIX  9KpaHos, yHOaMeHmos rpurnez2aroujux 30aHul U
coopyxxeHul).

[lpogedeHHbIe rpednpoekmHbie uccriedogaHus e3aumodelicmeusi
oepaxda-rowux KOHcmpyKkyul ar1y6oKux KomiiogaHo8 C 2PpyHMmMo8bIM
ronynpocmpaHcmMeoM U 2PyHMO8bIMU OCHO8AHUSIMU U ¢hyHOaMeHmamu
cywecmeyrowux  30aHuu  ceudemesniscmeyrom O  MOM,  4MO
CMpPoUMmMeiIbCmMaeo HOB020 30aHUs MPakmMuUYecKu He Hapywaem ycriogus
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pasHoegecusi Had3eMHoU U nod3eMHol Yyacmu cyuwecmsyrouux 30aHul u
He 8bI3bleaem 3Ha4yumeribHbIX O0MOIHUMEsIbHbIX 8HYMPEHHUX ycunul 8
KOHCMPYKUUsIX amux 30aHudl.

KnioueBble crnoBa: KOHCMPYKUUsI «CMeHa 8 2pyHmey,
mMemodbl pacyema, 2pyHmM, ycmol4ueocmb, OaesieHue 2pyHma,
30aHue, ¢hyHOamMeHmMbI, nepemMeuw,eHusi, degopmayuu, Hecyuwjasi
crnocobHocmb 2pyHmMa.

YK 629.631.554

EKONOI4YHI TA EKOHOMIYHI NMPOBJIEMU
3BUPAJIbHO-TPAHCIOPTHUX NMPOLIECIB
AnA KOPEHENNOAIB UYKPOBUX BYPAKIB

C. I. ®puwee, OKMOpP MexHiYHUX HayK
I. I. Kynpeliyyk, cmydeHm
e-mail: fryshev@ukr.net

AHoTauifA. BusHayeHi nioxo0u ma wirisxu 8UPIWEHHST €KOsl02i4HUX
ma eKOHOMIYHUX rpobnem ni0 4Yac 3bupaHHA ma mpaHcropmyeaHHs
KopeHernodie  uykposux 6ypsikie. Ekonoziai ma eKkoHoMika 8
CiflbCcbKO20Cro0apcbKkoMy  8upobHUUMEi 3Haxo0smbcsi y  MICHOMY
38’53Ky, ix ennue Opya Ha Opyaa mae 0o820CcmpoKosul xapakmep. s
3abeasriedyeHHs OKyrnHocmi IMMNoOPMmMHUX MawuH HeobxiOHO pauyioHaslbHe
36inbweHHs  euUpobHu4yux  o0bcsieie Ha  KOXHUU  36uparibHo-
mpaHCcropmHUl KOMIIIEeKC.

na nidsuweHHss egekmusHocmi mexHoso2il  nepese3eHHs
uykposux bypsiKie 3 rosis 3 ypaxy8aHHSIM eKos102i4HOCMi 8UpObHUYUX
rnpouecie HeobxiOHo eupiwysamu nidbip pauioHarbHo20 36uparibHO-
mpaHcropmHo20 Komririekcy (3TK) 3 Memor SKICHO20 OYUUW,EHHS
KopeHersiodie, a makox adanmysamu rapamempu J102icmuYHO20
naHuroea 0ns  uykposux b6ypsikie ma obzpyHmyeamu pauyioHasibHy
MeXHOJs102ir0 mpaHcropmyeaHHs npoOyKUii i3 3aMiHOK crieyjani3oeaHux
3acobie Ha yHigepcarsibHi. [ nomo4yHoi mexHosiozii O0oUiNibHUM €
mpaHcriopmyeaHHs1  rpooyKUii i3 8UKOpUCMaHHSAM  Hariernpu4yeriie-
camockudie (HIl) sik obopomHux 3acobis. LLIeuOKi 3MiHU MO200HUX YMO8:
OCIHHI Oow,i ma rnepe3gosioxeHUl epyHm rnompebyrombs 8i0rnogioOHOI
adanmauii mexHosrnoeii ma mexHiYHUX 3acobie 3 rnepexodoM Ha
nepeesasioyHuU gapiaHm i3 3acmocyg8aHHSIM 1OMy>HO20
HasaHmMaxyeayda-oquuwlysadya KopeHernoodie. 3amiHa creuianizoeaHux

© C. . ©puwes, I. I. Kynpetyyk, 2017
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