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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,
acrodynamics, 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]:

0 —w<XxX<0 0
u=v=0c.=0c. =7=0: npu =
X y 2 Ogy p 2
under the boundary conditions:
b = tBe~ n <x<n,,
{ 0 if 4y =0;
u=0;
’ 1>0,

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 ~ 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]: Af = df =0.0024888: Ax = dx = 0.005: Ay =dy = 0.005; y :%: 16;a=320".
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Figure 1 — Cavity in resilient viscous-plastic layer situated on a rigid base

b=200"0. @ =-002; n=350s"; p=18-5—; k =062%G/cm’;, v =kdiBexp(— Akd)
s cm
A=133.93335; B=0.1193379; 1 =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]:
. l . l .
j=—S8ij+——80, + 0+ 1
&jj 2/US] 2kos i 77< ( (0[ 2\/—J (1)

where 4 - Lame coefficient, 17 - viscosity coefficient, &, - 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]:

B =8, :aux; £, =€ :auy; £y, =6_=0;
Ox Yoy
£, =&, :l{aux + s j; £3=6, =63 =6, =0,
2\ 0y 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]:
£ = %éﬁ +3an(d(F)) @)

0

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:O‘JIJF—\/Z_L
kO
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where J, =0, +0,, + 04, - first invariant of tensor pressure and .J, = Esijsij - second invariant of

1 .
tensor pressure, S, =0, — Eakkéj - deviator of tensor pressure [12, 13].

Function <CD(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:

0 if F<0

(@)= {F i Fr0

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]:
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The "discontinuity disintegration" method of S. K. Gudunov is used for differential equations system
(3) solving. That is why the considering medium is divided onto elementary cells [16].
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Figure 2 — Characteristic scheme on the template
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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,)=odt on theline  x+t = const;

du-c,)=-Ddt on theline  x-t=const;

d (u + 7/2') = yD.dt on the line X + lt = const; 4)
Y

; 1
d(v - y7) = —yD,dt on theline  x ——t = const.
4

) 1
d(u + 7/2') =yD,dt  ontheline y+—t=-const,
4

d(u—-yr)=-®,dt  ontheline vy -%t = const; (5)

d(u + GW): &,dt  ontheline y+t=const;
d(u - GW): ~@,df  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].

u +AZ[ x:xn2 mnl]‘f‘At[Tmz_Tml]'
Ay
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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.
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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
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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 = 1dx — 400dx,
at a depth above the cavity y = 5dy at the time ¢ = 2954t
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Figure 6 — Changes of indicated tension along the axis x, x = 1dx — 400dx,
along the brink with rigid base at a depth y = 75dy 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 < #» < 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.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

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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KATTBI HETI3JE JKATKAH KYBICEI BAP CEPIIM/I-TYTKEIPJIBI
MJIACTHKAJBIK KABATTA TOJIKBIHHBIH TAPAJTYEI

Annotamms., By >KyMBICTa KATTHI HET131¢ KATKAH KYBICHI 0ap CePIiMIi-TYTKBIPIIBI-TIACTHKAIBIK KadaTKa OeT
JKaFBIHAH 9CEP €TKCH JUHAMHKAIBIK JKYKTEMCHIH 9CEpiHEH Maiga OO0FaH TOIKBIHHBIH TAPAIybIH 3€PTTEYTE apHAT-
raH. bepinren moceneni memyre C. K. ['oayHOBTBIH «bIabIpay Y3idy» oxici KongansiFan. Kaszipri yakerrra ['omy-
HOBTBIH «bIIBIPAY Y3UIy» 97iCi TUIEpOONabIK TYPACTI KBa3HCHI3BIKTEI TEHACYJICP JKYHECIH CAaHABIK TYPAC IICIIyTE,
ra3 JUHAMHKACHI, A9POJIMHAMHIKA MICEIICICPiH KEHIHEH KAapacThIPy/1a, COBIMEH KATTap >KANIBI OPTa MEXAHUKACHIHBIH
KOITETCH €CETEPiH IICHIyIe KECHIHEH KOJNJAHBUIAABL 3epTTey OapBICHIHIA TiKOYPBIITHI KybICTHIH AWHANIACHIHIAFHI
TOIIKBIH YIIPICIHIH INaManapblH 0O0JDKayna, OHBIH KEPHEYIi-Te(hOpMaIMsIbIK KYiiH Oaranay/ia aHBIKTAIFaH HOTH-
JKeNep KEP acThI KYPBIIBICTAPBIHBIH OCPIKTINITIH KOHE TYPAKTHIIBIFBIH AHBIKTAYFA JKOHE TCOJAMHAMHUKA CCCHTEPIH
eIy YOIH KoagaHyFa 0ojaasl. COHBIMCH KAaTAap KAIBIITHI KAFAAWIAH ©3TCIICICHCTIH, TCOMCXAHHUKANBIK YAipici
KYPACTI aca KUbIH XKaFJaiaa >KypriziieTid (KypbhLIbIMBI TYPAKCHI3 KEP) OHIIPICTIK, A3aMATTHIK, TPAHCIIOPTTHIK KIHE
OCKEPH KYPBLTBICTAP cany OapBICEIHAA KOJIIAHYFa O0IazIbL.

Tyiiin ce3aep: Kadat, cepmiMAiI-TYTKBIPIBIUIACTHKAIBIK, KYBIC, JKYKTEME, TOJIKBIH, KCPHEY JTi-T¢()OPMATHITBIK
KYH.
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PACIHPOCTPAHEHHA BOJIH B YIIPYT'O-BA3ZKOILJIACTHYECKOM CJIOE
C HOJOCTBIO HA KECTKOM OCHOBAHHUH

Annortamust. [laHHas paboTa MOCBAIIEHA MCCICIOBAHHIO PACHPOCTPAHCHUS BOJH B YIIPYTO-BS3KOILIACTHYCC-
KOM CJIO€ C MOJIOCTBIO, JISKAIIECH HA KECTKOM OCHOBAHUH NPH BO3ACHCTBHU JUHAMHYCCKON HATPY3KH CO CTOPOHBI
JTHCBHOH MOBEPXHOCTH. B OCHOBC peIICHHA TAHHOHN 3aAayvd HCIONB30BAH METOX «pacmaga paspsieay C. K. Tomy-
HOBAa. Meton «pacmama paspeiBa» C. K. T'omyHoBa sBIseTCS HA CeroaHA 3(()EKTHBHBIM AT YHCJICHHOTO PCHICHHUS
KBA3WJIMHCHHBIX CHCTCM YPABHCHHH THOCPOOIHYCCKOTO THMA, A1 PCHICHHS IMMPOKOTO KPyra 3adad Ta30BOH
JUHAMUKH, a3POAUHAMMKH, 4 TAKKE A APYTHX 33Ja4M MEXAHUKH CILIOIIHOM cpeabl. Pe3yabrarsl HCCICAOBAHUN
MO3BOJIAT JATh OLCHKY IAPaMETPaM BOJHOBBIX MPOLECCOB BOKPYT MPAMOYTOJBHON MOJOCTH, A TAKKE OMPEACIUTD
HX HANPSLKEHHO-IC(OPMHPOBAHHOTO COCTOSHUS, KOTOPHIC MOTYT OBITh HCIIOJIB30BAHBI IIPH OLEHKE HMPOYHOCTH H
VCTOIYMBOCTH IIOI3EMHBIX COOPY>KSHHUH, IIPH PEIICHUH 3a0a4YH TCOJMHAMUKH. A TaK K& IPH CTPOHUTEIHCTBE B 0C000
CHO’KHBIX YCIOBHAX (KOTAA TPYHT, XApPAKTEPU3YETCA KAK CTPYKTYPHO-HEYCTOMYHBBIA TPYHT) HMPOMBIIUICHHBIX,
TPAKTAHCKUX, TPAHCHOPTHBIX M BOCHHBIX COOPY)KCHHAX, B KOTOPBIX IPOTCKAHHEC ICOMEXAaHMYCCKUX ITPOIIECCOB
CYHMCCTBCHHO OTIHYACTCA OT MPOLCCCOB, MPOTCKAIOIIUX B HOPMAJIBHO YIITIOTHCHHBIX TPYHTAX.

KioueBnie ciioBa: cloif, ynpyro-Ba3KOIIACTHYHOCTD, II0JIOCTh, HATPY3Ka, BOJIHA, HANPsLKEHHO-ACQopMupye-
MO€ COCTOSIHHE.
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