Hayunsriit sxxypaan KyoI'AY, Ne192(08), 202301 1

YK 622.011.43

4.3.1.TexHOIIOTHH, MAIIUHBI ¥ 000PyI0BAHUE IS
arpoIpPOMBIIIIEHHOI0 KOMILIEKCA (TEXHHYECKUE
HAYKH, CEJIbCKOXO03SMCTBEHHBIE HAYKH)

PACYET KOHIIEHTPAIINW HATIPSIKEHUA
BBJIN3 OCECUMMETPUYHOM MOJIOCTH
B MACCHUBE COJIAHBIX ITIOPOJ
METO/IOM YIIPYT' Ol AIIIPOKCUMAIIUA

ApuunoB 'eopruit AnexcanapoBud
JOKTOp TEXHUYECKUX HayK, mpodeccop
Kybanckuii cocyoapcmeennviii acpapbiii
yuueepcumem, Kpacnooap, Poccus

ApmmHOB Anekcanap ['eoprueBud
Kybanckuii cocyoapcmeennviii acpapibiii
yuueepcumem, Kpacnooap, Poccus

Mpl n3zyuaeMm mpolecc annpoKCUMAaIu
MOCJIE0BATENBHOCTH, 3JIEMEHTAMU KOTOPOH
SBIISIIOTCSI YIPYTUE PELICHUS, TIOTy4YEeHHbIE IPU
U3y4CHUH HEJIMHEMHBIX 3a/1a4 TEOpUU
BA3KOYNPYrOCTH

Kimrouessie ciiosa: COJIEBBIE OTJIOXKEHNM A,
[TOJI3YYECTH COJIH, [TOJI3EMHBIE
BBIPABOTKU, T10JIS1 JEOOPMAIAI 1
HAIPSDKEHUI, METO/] YIIPYTOI
ATIIIPOKCUMAIIIN

http://dx.doi.org/10.21515/1990-4665-192-002

UDC 622.011.43

4.3.1. Technologies, machinery and equipment fer th
agro-industrial complex (technical sciences,
agricultural sciences)

STRESS CONCENTRATION CALCULATION
NEARBY AN AXISYMMETRIC CAVITY IN A
SALT ROCK MASSBY THE ELASTIC
APPROXIMATION METHOD

Arshinov Georgy Aleksandrovich
Dr.Sci.Tech., Professor
Kuban State Agrarian University, Krasnodar, Russia

Arshinov Alexander Georgievich
Kuban Sate Agrarian University, Krasnodar, Russia

We study the process of approximation of a sequence
which elements are elastic solutions obtainedén th
study of nonlinear problems of the theory of
viscoelasticity to the exact solution

Keywords: SALT SEQUENCES, SALT CREEP,
UNDERGROUND WORKINGS, STRAIN AND
STRESS FIELDS, ELASTIC APPROXIMATION
METHOD

Mining workings are built in salt rocks, which atsed for various

purposes. It is known that at high values of rocspure, salt rocks exhibit the

properties of nonlinear creep. Creep of salts cawsgnificant deformations,

which can lead to loss of strength of structurested by rocks.

An arbitrary choice of shapes, sizes of undergrositngctures can cause

their destruction, therefore, it is necessary toettgp reasonable methods for

calculating the stress concentration in the vigirof underground structures

based on rigorous mathematically sound models.

Currently, underground massifs of rock salts aemusr the construction

of cavities designed to store large volumes of gisoil products, as well as for

the disposal of hazardous waste from various im@isproductions. Such
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underground workings are widely used, since saksare an ideal material for
the construction of various storage facilitiesharm.

Salts are highly soluble in water, which allows to@struction of cavities
by an inexpensive method of deep erosion. In amdithe strength of salt rocks
IS such that it is possible to create large stafaleities in them. Salts are
chemically inert in relation to oil products, andsgs and various toxic wastes,
therefore, they are impermeable to them, because.high rock pressure, due
to the creep property, all cracks in salt rocks tightened and disappear.
Compared to surface underground storage faciltiesil products and gases in
salt products, they do not degrade the environntEnhot occupy an area on the
surface of the earth, and are safe from fire.

The choice of configuration and dimensions of tinelarground storage
cavities depend on the deformation and strengthackexistics of the salt layer,
which has rheological properties. The constructiml operation of stored in
salt massifs is based on extensive practical expes, however, their strength
calculations, except for some special cases, dohawé sufficient scientific
justification.

The well-known rigorous methods for calculating ergfound reservoirs
make it possible to study only partial forms, tigtthey do not provide a
complete analysis of the strength of such storages.

The published approximate calculations of the stréstribution near
storage cavities are based on salt deformation Imdbat are not sufficiently
experimentally substantiated and do not take intmant the nonlinearity of the
creep properties of the salt strata.

Storage tanks constructed underground are interfdedlong-term
operation, therefore, in their strength calculatiahis necessary to rely on salt
deformation models that take into account the &fexf time in long-term

experiments with uniaxial compression (tension)tloé rod, and it is also
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necessary to conduct experiments on hollow sampies cylindrical forms
under load during the formation of a plane deforomat

The nonlinearity of the physical properties of dogacal materials, taking
into account the possibility of developing largefadmations, requires the
development of mathematical models that are dedigoecalculate stress and
strain fields in structures and in their elementhew their quasi-static
equilibrium is studied.

The published materials, which offer the resultcaltulating the stress
and strain fields that occur near the cavities baged on linear elastic methods,
and therefore are not accurate enough.

Analytical methods are used to study the stresseagration near the
spherical and ellipsoidal shapes of storage tartksse forms do not exhaust the
many configurations of cavities built in salt pans.

In addition, the nonlinear properties of creep Hart complicate the
methods for calculating the workings of salt defgso it is necessary to apply
numerical methods for analyzing stress and stialds that occur near storages
of real configurations.

In particular, the finite element method is suctidhs used for such
calculations. He found wide use in the calculatiohs/arious parts in rocket
science, shipbuilding, and the study of the stiewdiplatinum and slopes.

A more complete account of the mechanical propedferock masses, in
particular, salts, is possible using the finitened@at method. In order to improve
the reliability and safety of underground storageities, it is necessary in the
calculations to correctly set a quasi-static bompdalue problem for an array
with nonlinear viscoelastic properties and contania cavity with axial
symmetry using experimentally substantiated eqoatiof the relationship

between stresses and deformations of salt rocks.
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When calculating the fields of deformations an@stes arising from the
washing out of gas storage cavities in salt rookigtions between stresses and
deformations are described using the relations hef theory of nonlinear

creep[3-6]
t
B (1) = 0j 1) +V{0j (1) ~ 3B o) +% IPLL 0 (01130 - 3ok,

with core

P =Dt ™%0%(1),

in whichoangls the stress intensity, amdD — rheological constants of salt rock
[3-6].

Let us consider the question of the convergenca skequence whose
elements are elastic solutions obtained in theystdichonlinear problems in the
theory of viscoelasticity.

In [1], the dependences between stresses andsstfaihe nonlinear theory
of viscoelasticity are mathematically substantiated

In normed spaces (Bhd H,, whose elements are strain and stress

tensors;(t) Ando; (1) respectively (J[0,t]), with norms
t t
5 :%‘gij (Dg;; (DPe (LTAD™ |of :% G;; (00;;(VPg (LTI ™,

where functiong, (t,1) >0,p, (t,1)>0, it is shown in the monograph [1] that for

any operators F, Q in mappirmgs=(E), E=Qf) that are analytic in a

neighborhood of zero, we have the representation
F(E) Z” I'nEgN
= n ’
n=1

Qo)=Y Kna",

Where
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v tt
'nE" =(j),,,(j)1“n(t,T1 ..... 1) E(tp)..E(tp)dry..dtp;

v tt
Kno" =[.fKn(tTq,...Tn) 0(T)..0(T )dry..drpy-
00

Let the salt deformation be described by the eqoatj4-6]
t
S; (t) = 2G¢, (t) -18DG® [T ¢2 ()¢ (T)dt, (1)
0
where functions

P(l, .S,) = %s,j (1) +9DGziK(T)€§I ()¢, (Odr,
and the kernel

ij

T, O<st<t
KM= '’ ,
(1) {o |

with O<t<a; O<t<a; /2 =§£ij£

>t

Let us assume that the deviatoric components ofsthess and strain

tensors  Sif(),/; (r)are elements of the spac€ [0,0], whose norm

Hhij H = max|h; |.

O<t<0a

Frechet derivative of the operator R{(t),Sij(t)] has the form
PL (¢,) = DG [T [7, (0]¢, (D)d,
7 .

Where

TadT i)
~, 8

f(f)= . .
(2 += 02 i #j
TS J
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<L

Let in the ball Rr,|<rfunction spaceC[0,a] the conditiowplzn (t)

then for arbitrary deviatoric components ¢! O R the inequality [1]

Py 8 -P() S| <L

ij

o=l

It follows that if the parameter L is less thantynn the ball R with radius
r, the operator P is contractive, and the methoduaftessive approximations
makes it possible to find its fixed point of theeogtor P. The value P[0,SiJ{,

for which the inequality
|POS)| < @a-Lyr. (2)

Using the estimate, we establish the conditionwfloich the constant L<1:

- - 1-a 1-a
PL(r,) = ma%QDGZ}K(T)f[&j(T)]KU (1ot < 9DG?|e; | dif (7)) 7 <81Gr° . —
i 0<t<a 0 1-a 1-Q
As a result
tl—a
L =81IDG’r* —— <1,
1-a
If
1
1-a 1-a
I<|—— . (3)
(SJGZDrSJ
For inequality (2) to hold, we set
Isi| < 28a-Lr (4)

assuming that inequalities (3) and (4) hold.

Building two approximations with the applicationnciition (1), we arrive
at the relation [7-10]:
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=L s+l g2 es (it 5
130 =558 O+ [T707 (08, (Dt (5)
Where
3
oﬁzEsijsij.

In [1], the issue of convergence of a sequence ladtie solutions of
problems in the theory of nonlinear creep is stidwhen the physical and

mechanical properties of the material have the form
Sy (1) = [ T(t-1)¢; @dt= [T (t-0o(2)e; @ar- (6)
0 0
Here
0 ~ 0 ~
T(t) =T 8(t) +T(t); Ty(t) =T (t)+T (1)

The function u is the so-called generalized solutbthe problem,

Sij,j(u)+o;(u)+Fi=0 (7)

u|S=0, (8)
written in displacements if it is a solution to thguation

[[S; ()l (w)+f,w;]=0,

in which the designations

Let

In the space H with the norm

(u,w) =145 )y (w)dv
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9)
by closing in the norm (9) the set of functions f@hich the conditions

satisfying (7.8) are satisfied, a generalized smiuits constructed.

Consider the equation
X = il“(t -1)y(1)dr.
Let his only solution
y= iK(t —1)X(T)dt,

and forp(¢2) AndT, (t)when &0 B the expressions are true

0<o(5)<o(L7) + WE‘) :j%)m <n,

U ul
(10)
T4 ()| < AL(),
in whichAn=qg<1.

Let the zero approximation Mg, for which/2, < (- A)M, where M is

some constant value, then we obtain the convergehttee sequence of elastic

solutions of the problem of the theory of creemg<b).

Relations (1) are a consequence of (6) if we takbem
0 ~ 0
[=2G, IT()=Tx=0, ¢(r2)=r2,
AT, (t-1)is given by the equality
I'(1) =18DG*™®

The above theorem, which determines the conditionshe convergence

of a sequence of elastic solutions, remains vaild 1), i.e., and for expression
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(5).

If there is a condition

max| £ [<r,

O<t<t
For the quantity=12r2 relation (10) is valid.
Ifnand zero approximation uO correspond to the indipsl
n<1072 ; 2 (uy)<@-nM, (eleven)

then the sequence of solutions of elastic problEmsaws (1) and (5) will be
convergent, because conditions (3), (4) and (1) tf¢f0-8.7103 h] are

performed.

To construct a convergent sequence of elasticisokitto the boundary
value problem of the theory of creep, the elasiiat®n of this problem can be

used as the initial approximation u0.
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