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THE CALCULATION OF FREE OSCILLATIONS OF AN ANISOTROPIC
THREE-DIMENSIONAL ARRAY OF UNDERGROUND STRUCTURES

Abstract. This work is a theoretical research aimed at studying the amplitude-frequency characteristics of the
system "lining-soil". It was found that fluctuations in the deformation occur, not only the soil mass, but in an
underground structure in the course of a numerical experiment to study the free oscillations of an anisotropic three-
dimensional array with the station tunnel.

We investigate on the basis of the variational formulation of the finite element method of amplitude-frequency
characteristics of the system "lining-soil". A generalized problem of eigen values is solved iteratively in the subspace
based on the scheme of the Jacobi algorithm.

Keywords: free oscillation, stress-strain state, lining, stress, displacement, algorithm.

Creating a reliable method of calculating vehicle stability of underground structures of finite size in
difficult ground conditions under the influence of static and dynamic loads is very challenging. In
Kazakhstan a developed mining industry, with increasing depth of mining operations and the deterioration
of the conditions of development of mineral deposits, the requirements to ensure the sustainability of
developments rise sharply. In addition, with the construction of the Almaty Metro in the zone of possible
9-10-magnitude earthquake, it needs reliable recommendations for earthquake resistance.

All this calls for fundamental research involving modern apparatus of mathematics and mechanics of
solids, unconventional analytical and numerical methods for solving tasks and creation on their basis of
software tools for the analysis of dynamic stability of various vehicles designed and constructed
underground structures for various purposes [1, 2].

Study of free oscillations of transport facilities is important to determine the effect of physical and
mechanical properties and geometric parameters of the structural elements and the surrounding massif
complex structure at their resonant frequency response. On the other hand, the study of the dynamic
response of a spatial reference system "underground structure array rocks" lower frequencies is necessary
for the formation and basic solutions allowing movement of the matrix equations [3-5].

We study the free oscillations of the soil mass with a three-dimensional transport of underground
structures on the basis of the numerical method — finite element method (FEM) — in conjunction with an
iterative method in the subspace.

Object of research is the lower half-space with underground facilities shallow emplacement. Rock
mass consists of a non-uniform layers with different physical and mechanical properties. Elastic status of
each layer is described by the generalized Hooke's law:

lo}=[Dlie}. ()
where {0'}= {Gx,oy,az ...... 2T, }T,{g} = {gx,gy,gz, ...... lxz}r, [D]: [di].],(i,j = 1,2,...,6)- elastic

solid matrix; elastic moduli dij represented by the elastic constants transtropic array

E.,v,G,, (k :1,2) of angles of inclination of the plane of isotropy ¢ and inclination to the

longitudinal axis of the horizontal three-dimensional structures of the transport line stretch isotropic plane
v [6,7].

— 78 ——
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Boundary conditions: the lateral faces and the base of the calculation region with the construction of
non-deformable - u = v = w = 0; internal the breed contour lining and free from external loads - Xn = Yn
= Zn = (. Spatial computational domain is divided into 1606 prismatic elements with 2875 nodes.

Differential equations oscillation system for the array to transport underground structures can be

| MO O KO- RO o

where {R(t)} - vector external nodal forces, {U (t)}, {U (t)}, {U (t)} - Vectors of nodal accelerations,

velocities and displacements, [M ] ,[C ],[K ] - accordingly, the mass matrix, rigidity and damping system.
The matrix equation of free oscillations "lining-ground" of the system obtained from (2), when the effect
of damping and the impact of external forces that are missing [C]=0, {R}=0

MU+ U} =0. )

Stiffener matrix is computed using the integral [3,4]:

1-[leY [D)elar =] [ ] () eleed oz nac @

—1-1-1

Integral expression (4) after the application of Gauss-Legendre quadrature to the form

PP D
[k]zz;z;kz;HiHij[B]yT‘k [D] [B]ijk det[J]. (5)
i=l j=1 k=
System stiffness matrix [K] is produced by summing all elements of the stiffness matrix

[K]=3[k]. ©)

i=1
System mass matrix is formed from the matrix elements of the masses is similar to the system
stiffness matrix. Mass Matrix prismatic element has the form [8,9]:

=35> #, 1, H, p[p,] [P, Jaetls], )

i=l j=1 k=1
where lPi].kJ - matrix interpolating movements. System mass matrix is obtained by summing all elements

of the mass matrix
(M ]=>m ] 8)
i=1

The solution of ordinary differential equations of second order (3) can be written as:

Ul=lplsin(w (- a,)). )
Substituting (9) into (3) gives a common problem eigen values
[K]{p}=0"[M]{p}. (10)
We introduce the notation 4=®?, then (10) takes the form:
[K]{p}=AlM]{p]. (11)

For the solution of the generalized problem of eigen values used in the subspace iterative method
based on the algorithm of Jacobi method and the properties of the Sturm sequence [10].
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When iterative methods are necessary at each step to analyze the convergence of the obtained
approximations. Let a (k-1) and (k) - iteration step approximate calculated eigenvalues A l(.k) and A4 l(.k”)

then the convergence is achieved at

2 £k+1)_ 2 Sk) .
"f{@ﬁT__Sg’ (z:lﬁ,nwn) (12)
1

The effectiveness of the chosen method is explained, first, the initial choice of the subspace,
sufficiently close to the desired lowest eigen values; secondly, the transition from the convenience of the
algorithm to another subspace, which ensures "best" approximation of eigen values vectors. Furthermore,
the use of translations and other accelerating processes also increases the efficiency of the method [10].

In the study of stress-strain state of the system "lining-ground" on the seismic action the first and
necessary step in the calculation is to determine the frequencies and modes of vibration of the system.
Calculation of amplitude-frequency characteristics of the system “lining-soil” is made in the subspace
iteration method above.

Received 100 first frequencies and forms of oscillations in the frequency range up to 22.2 Hz. values
"lining-soil" system of the lower frequencies of free oscillations are shown in Table. As you can see, the
range of "lining-soil" system of natural frequencies is quite dense.

The values of the frequency of free oscillations "lining-soil" system

frequency rooms 1 2 3 4 5 6 7 8
o; (Hz) 1,78 3,09 3,61 3,84 4,31 4,65 5,87 6,13

Figures 1-3 show three-dimensional forms (fashion) free oscillations of the system "lining-ground."

Modes 1 and 2 are horizontal oscillations soil layer, wherein the first mode is a skew-symmetric and
the second mode — symmetric. In modes 3-5 are more pronounced vertical oscillations. The third mode is
a skew-symmetric, and 4-5 fashion — symmetrical. Higher forms shown in Figures 1-8, are rather complex
oscillatory motion of the ground and, apparently, do not make a significant contribution in determining
the seismic movements, but can have a significant impact in finding the acceleration system and the
seismic stresses in the construction of tunnels lining.

Dlep_Res
0.0093168
0.0085404
0.0077648
0.0069876
0.0062112
0.0054348
0.0046584
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-0 LBOATTES
0.0080000

RO | N

Figure 1 — The first mode of free oscillations "lining-soil" system
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Figure 2 — The third mode of free oscillations "lining-soil" system
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Figure 3 — The fifth mode of free vibrations "lining-soil" system

Conclusions. Multivariate numerical experiments to study free "lining-soil" oscillations of the system
revealed that there is a complex pattern of deformation of anisotropic array and being in it three-
dimensional underground structure in the course of oscillation, comprising a tensile elements,
compression, bending and torsion (see Figures 1-3).

—— 8] —/———
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Analysis of the results of the calculation shows that the value of natural frequencies and forms of
oscillations are influenced by many factors, including the structure of the soil mass, the density
distribution in heterogeneous soils, the methods of construction of underground structures, geometrical
parameters.

REFERENCES

[1] Salamahin PM Engineering structures in transport construction, M .: Academy, 2007 264p.

[2] Gibshman ME, Popov VI Design of transport constructions, M. Transport, 1988, 198p.

[3] Makovsky LV Polyakov DV Modeling static circular tunnel lining work with supple joints in conjunction with the soil
file // Transport construction. 2015. Nel1. p.25-27.

[4] Zhuravlev GM, Naumov IA Influence of deformation on the formation of damage to the mechanical properties of
building structures of materials // Transport construction. 2015. Ne2. p.23-25.

[5] Isaev ON, RF Sharafutdinov Experimental studies of soil busting at microtunneling // Transport construction. 2015. Ne7.
p.7-10.

[6] Erzhanov JS, Aytaliev Sh.M., Massanov JK The stability of horizontal workings in the pan-layered array, Alma-Ata,
Science, 1971, 160 p.

[7] Erzhanov JS, Aytaliev Sh.M., Massanov JK Seysmonapryazhennoe state of underground structures in anisotropic
layered array. Alma-Ata, Science, 1980, 212 p.

[8] Zenkevich O. Finite Element Method in the art. M .: Mir, 1975, 541 p.

[9] Segerlend L. Application of finite element method. M .: Mir, 1979, 392 p.

[10] Bath K., Wilson E. Numerical methods of analysis and finite element method. M .: Mir, 1982, 442 p.

H.M. MaxmertoBa, B.I'. Cosionenko, C.E. bek:xxanosa
M.TempimbaeB aTeiHAarsl Kazak Keltik xKoHe KOMMYHHKALMSIIAP aKaIeMISIChI, AIIMaThl Kalachl

CTAHIUAHBIH TUNTIK BOJITTHAEI'T KATITAPJIAMACBIHBIH
KEPHEYJII-JE®@OPMAIUSJIBIK KYUIHIH DKCIIEPUMEHTAJIb/IbI ECEIITEYI

Annotanus. J)KymbIc «OeKiTre-TonbIpak» )XyHeciHiH aMIUTUTYAAIBIK-KHIIIK CMIIATTaMachlH 3epTTeyre OarbIT-
TaJFaH TEOPUSUIBIK i3/1eHiC. YT OJIIeMAl CTaHIHsI TOHHEI Oap aHM30TPONTH MacCHUBiHIH €pKiH TepOericiH yiipeHy
OOMBIHIIIA CAaHIBIK SKCIIEPUMEHTTI JXYPri3y OapbIChIHIA TepOelry Iporeci Ke3iHae TObIpaK MacCUBi FaHa nedopma-
LUsFa YIObIpaMaii, OHja OpHANIaCKaH jKepacThl FUMapaTTapblHbIH J1a Je(opMalisIIaHaThIHBI aHBIKTAJIFaH.

«bexiTne-TonbIpaky» xKyHeciHiH aMIIMTYAANIBIK-KHUTIK CHITaTTaMachl BapHallHAJIBIK TYPAET] IIEKTi HIeMEHTTEp
omici Herisinme 3eprrenemi. SIKOOM aIrOpuT™M ChI30aChIHA HETI3AEITeH KEHICTIK OeiriHmeri urepanus dIiCiMeH
MEHIIIKTI MOHCPIHIH JKaIITbLIAHFAaH MOCEIICC] STl

Tipek ce3mep: epkiH TepOeic, kepHeyJTi-aehopMaNUsIIBIK KYH, OCKITIIC, KEPHEY, KBUDKY, AITOPUTM.

YK 625.855.3
B.I'. Cosronenko, H.M. MaxmeTtoBa, C.E. Bek:kanoBa

Kazaxckas akagemust TpaHciopTta 1 KOMMyHUKaluii uM. M. TeiHbIIIIIaeBa, I. AIMaThI

PACYET CBOBO/JHbIX KOJJEBAHU AHU30TPOITHOIO MACCHBA
C TPEXMEPHBIM ITIOJA3EMHBIM COOPYKEHUEM

AnHoTanus. Pabota npencrapiser co0ol TEOPETHYECKOE HCCIEeOBaHNe, HAIPABICHHOE Ha U3yYeHUE aMILIH-
TYIHO-YaCTOTHBIX XapaKTEPUCTHK CHCTEMBI «00AeNIKa-TPyHT». B Xole mpoBeneHus: YHCICHHOTO SKCIIePU-MEHTa 110
HN3Yy4YCHUIO CBO6OL[H])IX KOJ'Ie6aHPII>i AHU30TPOMNHOI'0 MacCuBa C TPEXMECPHLIM CTAHIIMOHHBIM TOHHEJIEM OBLIO YcCta-
HOBJICHO, 4TO B IIpOLIECCe KoJIeOaHHsI NPOUCXOIUT JieopMHUpOBaHKE HE TOJIBKO IPYHTOBOT'O MacCHBa, HO M HaXO[s-
IIETroCs B HEM HOA3EMHOI0 COOPY KEHUSL.

Hccnenyercs Ha OCHOBE BapHallMOHHON (DOPMYJIMPOBKH METOAA KOHEYHBIX 3JIEMEHTOB aMILIMTYHO-4aCTOT-
HBIE XapaKTEPUCTHKH CHUCTEMBI «00zenka- TpyHT». O0o0mmeHHas npodiieMa 0 cOOCTBEHHBIX 3HAUCHUSX pelIaeTcs
UTEPALIMOHHBIM METOJOM B ITOIIPOCTPAHCTBE, OCHOBAHHBIM Ha CXeMe aluropurMa SJkoou.

KiaroueBble ciaoBa: cBoOomHOE KojeOaHWE, HANPSHKEHHO-IC(QOPMHUPOBAHHOE COCTOSHHUE, OOENKa, Hamps-
JKEHHE, IepeMelIeHHe, AITOPHTM.
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