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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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WAVE SPREADING IN RESILIENT VISCOUS-PLASTIC LAYER
WITH CAVITY ON RIGID BASE

Abstract. The research paper is devoted to studying wave spreading in resilient viscous-plastic layer with
cavity, situated on a rigid base under the dynamic pressure of day surface. This problem is solved by “discontinuity
disintegration” method of S. K. Godunov. The “discontinuity disintegration” method of S.K.Godunov is effective for
hyperbolic type quasilinear systems equations numerical solution, for wide range problems solution of gas dynamics,
aerodynamics, as well as for other problems of solid medium. Research results allow estimate the wave process
parameters around rectangular cavity, and also define their tensed and deformed condition that can be used at
assessment of underground construction durability and stability, as well as geodynamic task solution. And also at
construction in particularly complex conditions (when soil is characterized as structural and unstable soil) industrial,
civil, transport, and military constructions, where geomechanical processes differ from normally condensed soil.

Key words: layer, resilient viscousplasticity, cavity, pressure, wave, tensed and deformed condition.

Problem definition and aspen equations creation on resilient viscous-plastic wave spreading in
layer with cavity situated on rigid base. Wave source is dynamic pressure, which affects on semi-sphere
under the day surface at initial conditions [1, 2]:

—o0<x<®
u=v=0,=0,=71=0; npu t=0,
g 0<y

under the boundary conditions:

where A,B = const; v,u — respectively, the medium components velocity along the axis x and y;
0,,0,,0,,T— respectively tension components.

From the day surface on cavity situated on depth 4 the dynamic pressure affect on segment
n, <x<n, [3,4].

There is need to determine the normal and tangential tension quantity at given initial and boundary
conditions around a rectangular cavity situated on a rigid base. To solve this task the following output data

is used [4, 5]: At =dt =0.0024888; Ax =dx =0.005; Ay =dy =0.005; y = % =16;a= 32()&;
s

— 62 ——
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Figure 1 — Cavity in resilient viscous-plastic layer situated on a rigid base

b=2002; a=-002; n=350s"; p=18-5-; k, =0.62kG/cm’; v =kdtBexp(- Akdt)
S cm

A=133.93335; B=0.1193379; t=kdt and the research area size around the cavity N =400;
M, =75;n =198; n,=202; m =10; m, =16, T =300dt .
As known, wave spreading equation in resilient viscous-plastic layer with cavity on rigid base has the

type [6-8]:
. 1 . 1 .
j=—S8j+——50, + 0, + 1
. 2,USJ 2k0S ’ 77<( (0‘ 2\/_J v

where 1 - Lame coefficient, 77 - viscosity coefficient, k, - yield strength at pure shear, & - parameter

characterizing the soil expansion rate.
In order to predict the tension and deformed medium state, the equation describing plane deformation

has been considered [9]:

_ _ . _ _ 2y . _q
=6 = » Ep =&, = ;€3 =6, =0;
y

1(ou, oOu,)
812 =gxy =5 + ’ 813 ngz =823 =gyz =0’

oy  Ox

where u ,u, - shift along the axis x and y .
The equation describing volume deformation of resilient viscous-plastic medium has the type [10]:
. 1 )
gi =—— 38+ 3an(®(F)). )
3k,

In equations (1) and (2), the quantity F is a plastic flow function describing the resilient viscous-
plastic medium dynamic behavior and expressed by following formula [11]:

F=“]1+—\/J—2_1’
ko
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where J, =0, +0,, + 03

1
=0. —

tensor pressure, Sij i

- first invariant of tensor pressure and J,

Ky - second invariant of

i

— 0,0, - deviator of tensor pressure [12, 13].

Function <(D(F )> in equations (1) and (2) is determined basing on an experimental researches on

dynamic characteristics and medium properties, and generally presented as nonlinear function, which is

defined by following formula:
if F<0,
if F>0.

(@(F)

5

For wave spreading movement equation definition in resilient viscous-plastic layer with cavity on
rigid base the differential equation system has been considered [14, 15]:

The "discontinuity disintegration" method of S. K. Gudunov

ou_do, ot
o ox oy’

ov_or o,

ot ox Oy

00y _Ou -2 Y o 3)
ot ox y~ ) oy

0

Tw _ 1—% a—M+a—u+@2;

ot y~)ox Oy

ﬁ:iza—u+%a—u+cb3.

o y oy y Ox

is used for differential equations system

(3) solving. That is why the considering medium is divided onto elementary cells [16].

1 y—t =const
X ——1t =const

l‘ﬂu

1
y——t =const
v

X+t =const

1
X +—1t =const

V4 —’24

Figure 2 — Characteristic scheme on the template

— (4 ——
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The studying medium characteristics and properties show that it consists of layers. As it is mentioned
above the considering medium is divided onto cells. It is well-known that wave spreading in cells is dif-
ferent. Therefore, the discontinuity disintegration occurs at the adjacent cells boundaries. In this case, the
motion between two neighboring cells can be considered as one-dimensional. Consequently, the equations
system (3) can be divided onto two equations systems, one of which depends only on x, and the other on y.

After some elementary transformations the equations system (3) can be presented as characteristic

equations and their proportions [17, 18]:
du+o,)=ddt ontheline  x+t=const;

du—-o,)=-ddt ontheline  x-t=const;

d(v+y7)= y,dt ontheline  x+ lt = const;
4

d(v—yr)=—y,dt ontheline  x- lt = const.
4

d(u+yr)=yd,dt ontheline y+ lt = const;
4

du—-yr)=—-®d,dt  ontheline y- lt = const;
4

d (u +to, ) =@,dt ontheline y+t=const;

d (U -0, ) =—@,dt ontheline y-t=const.

“

)

Characteristic equations and their proportions (4) and (5) are used to derive finite-difference equa-
tions systems for calculating the medium parameters at various points and different instants of time

[19, 20].
un,m — un . + At [O-xx,n2 - axxnl]+ At [z—mZ B z-ml];
i) Ay
V" =0+ At [TnZ - Tnl] L Ar [O-yy,nﬁ _ nyaml];
) Ay
G)f;m — Gxxn . +At [unz _unl] +At(l+%J [UmZ _Uml] +At@ .
” Ax /4 Ay
ou =0t At[l + %j [z~ + At (02 =00 + AtD
’ ” /4 Ax Ay
Z_n,m — ,Z_n . + At [um22_ uml] +At [Unzz_ Unl] + At@3n s
’ 7 Ay 4 ’
;(20'M -0, - O'ZZ)
where @, = ——n(@(F)) (37 —4)a + N , @, :—777<QD(F)>><
o
—20, -0 -0 )
XX zz 1 T
x| By -4+ 33— , D, =——plo(F
N Gl x

1n,m>

2n,m>

(6)
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Thus, the obtained finite-difference characteristic proportions (4), (5) and the equations system (3)
constitute a complete equations system for posed task solution.

The finite-difference equations systems numerical solution results are presented in figures 3- 7, which
correspond to changes in tension for different instants of time along the coordinates.

-7 1 1 1 L 1 1 I
0 10 20 30 40 50 60 70 a0

Figure 3 — Changes of indicated tension along the axis y, x = 190dx,
at the depth below the cavity y = 1dy — 75dy, at the time ¢ = 295dt

x107¢

I

=

in
T
&
,
1

_3_" L 1 I 1
0 50 100 150 200 250 300 350 400
X

Figure 4 — Changes of indicated tension axis x, x = ldx —400dx,
at a depth under the cavity y = 25dy at the time ¢ = 295dt
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Figure 5 — Changes of indicated tension along the axis x, x = ldx — 400dx,
at a depth above the cavity y = 5dy at the time 7 = 295dt
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Figure 6 — Changes of indicated tension along the axis x, x = ldx — 400dx,
along the brink with rigid base at a depth y = 75d)y at the time ¢ = 295dt

Conclusion. The finite-difference equation system and numerical results were received for resilient
viscous-plastic wave spreading in layer situated on rigid base under the dynamic non-stationary pressure
from a free surface. Analyzing the received numerical results shows up that at 198 < n < 200 interval the
gap occurs. It means vertical walls are under the maximum physical impact.

Constructers should take into consideration the calculation results mentioned above during the
underground facilities designing.
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Stable schemes for finite-difference equations systems solving are presented, in order to algorithm
realization the algorithms are developed and applied programs packages are compiled.

The tension distribution patterns under different initial physical and geometric parameters have been
established.

The research results allow determining wave processes characteristics around the cavity and their
tensed and deformed condition that necessary for underground constructions durability estimation.

The received results and created applied programs package can be applied for wave field’s esti-
mation, tensed condition character determination in dealing with similar tasks with boundary conditions,
at various underground facilities and constructions designing.
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HOBTBIH «bLIBIPAY Y3UIy» 9JicCi rUnepOoIaiblK TYPIETi KBa3UCHI3BIKTHI TEHIEYJIEep )KYHECIH CaH/BbIK TYp/e LIemyre,
ra3 IMHAMHKACKI, a9POIMHAMHKA MOCEIICNIePiH KCHIHEH KapacThIPyAa, COBIMEH KaTTap JKaJIbl OpTa MEXaHHUKACHIHBIH
KONTETeH €CeTepiH IIeNTye KCHIHeH KOJIaHBUIAAbI. 3epTTey OaphIChIHIA TIKOYPHIIITHI KYBICTHIH aifHalaChIHIAFbI
TOJIKBIH YIIpPiCIHIH IIaManxapblH OOJDKayna, OHBIH KEpHEYIi-Ie(popMalrsUIbIK KYHiH Oaranayna aHBIKTAIFaH HOTU-
JKeJIep JKep acThl KYPBUIBICTAPBIHBIH OCPIKTLIITIH KOHE TYPAKTHUIBIFBIH aHBIKTAYFa JKOHE T'€OJMHAMHKA €CEITepiH
HIenTy YIIiH KoipaHyra Oomansl. COHBIMEH KaTap KaJBIITHI JKaFJaiaH ©3TelIeICHETIH, TeOMEXaHUKAaIbIK YAipici
KYpJeIi aca KUBIH JKaFaaiia *KYpri3uieTiH (KypbUTBIMBI TYPAKCHI3 JKEpP) OHIIPICTIK, a3aMaTTHIK, TPAHCIIOPTTHIK JKOHE
9CKepH KypbLIbICTap cainy OapbIChiHIA KOJIJaHYFa 00 IbL.

Tyiiin ce3aep: Kadar, cepmiMII-TYTKbIPIBIIIACTUKAIIBIK, KybIC, dKYKTEME, TOJIKbIH, KEPHEYi-AehOopMaHsIIbIK
KY#.

K. K. Macanos', K. T. Koxkadexos', I'. K. Tyrean6aeBa'?,
T. b. ManaJmeBI, C. AnTLlﬁaﬁz, 2. C. Aﬁ}lpal/lMOB3

1I/IHCTI/ITyT MEXaHHMKHU U MalimHoBeAeHus uM. Y. A. JxonmacoekoBa, AnMarel, KazaxcraH,
*Boennsiit nactuTyT CyxomyTHbIX Boiick MO PK, Anmarer, Kazaxcran,
3 WNuctutyT MammnoBenenust HanmonaneHo# akagemun Hayk, bumikek, Keiproizcran

PACITPOCTPAHEHUSA BOJIH B YIIPYT'O-BA3KOIIVIACTHYECKOM CJIOE
C MOJIOCTBIO HA KECTKOM OCHOBAHHUHU

Annoranus. [lanHas paboTa MOCBAIICHA UCCIECAOBAHUIO PACTIPOCTPAHEHHS BOJH B YIIPYTO-BA3KOILIACTHYEC-
KOM CJIO€ C TIOJIOCTBIO, JIeXKAIIel Ha KECTKOM OCHOBAaHHH IIPH BO3ICHCTBUH JUHAMUYECKON HAarpy3KH CO CTOPOHBI
JTHEBHOM NOBEPXHOCTH. B OCHOBe pemieHus TaHHOHN 3aa4dll MCIONB30BaH METOJ «pacmana paspsiBay C. K. Tomxy-
HOBa. Merton «pacmana paspeiBa» C. K. 'omyHoBa siBisieTcst Ha cerogHs ) ()EeKTUBHBIM /7Sl YUCICHHOTO PEIICHUS
KBa3WINHEHHBIX CHUCTEM YpPaBHEHHH THUIEPOOIMYSCKOrO THIA, JUIS PEIICHHS MIMPOKOro Kpyra 3agad ra3oBOi
JIMHAMMKHU, a3pOJMHAMUKH, a TaKKe IJs JIPYTrUX 3a7aud MEXAHUKU CIUIOUIHOW cpenbl. Pe3ynbrarhl nccinenoBaHui
MO3BOJIAT JIaTh OIICHKY IapamMeTpaM BOJHOBBIX MPOIECCOB BOKPYT MPSMOYTOJIEHOW MOJOCTH, & TaKKE ONPEIEIUTh
WX HampsHKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS, KOTOPBIE MOTYT OBITH HMCIIOJIE30BaHbBI IIPH OLICHKE MPOYHOCTH U
YCTOHYMBOCTH MOA3EMHBIX COOPYKEHHM, IIPH PEIICHIH 33a]]a9d IT'€OJUHAMUKA. A TaK K€ IPU CTPOUTEIHCTBE B 0CO00
CIIOKHBIX YCIOBHAX (KOT/a TPYHT, XapaKTepU3yeTcs KaK CTPYKTYpHO-HEYCTOHYMBBIA TPYHT) MPOMBIIUICHHBIX,
TPpaXXTaHCKUX, TPAHCIOPTHBIX M BOCHHBIX COOPYKEHHUSIX, B KOTOPBIX INPOTEKAHHE T'€OMEXaHWYECKHX IPOIECCOB
CYIIECTBEHHO OTIMYAETCS OT IPOLIECCOB, IMPOTEKAOIINX B HOPMAIIFHO YIDIOTHEHHBIX TPYHTAX.

KiroueBble coBa: cioii, ynpyro-Bs3KOIIaCTHIHOCTD, OJIOCTh, HATPYy3Ka, BOJIHA, HAPSHKEHHO-AePOopMHUpye-
MO€ COCTOSIHUE.
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