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Annomayus

Ienvio paGoTh! SIBIAETCS PAaCCMOTPEHUE NPOOIEM UMCIEHHOIO MOJEIUPOBa-
HUSI ceiiCMUUECKOi 0€30MacHOCTH KOHCOIHM ¢ OCHOBaHHEM B BHJIE YIIPYTOil MOITy-
IUIOCKOCTH IPU HECTAIIMOHAPHBIX BOJHOBBIX BO3/EHCTBUAX. BONHBI HanpsokeHUH
Pa3IMYHON MPHPOJBI, PACIPOCTPAHSCH B AeOPMHUPYEMOM Tele, B3auMOIEICTBY-
10T Apyr ¢ apyroMm. Ilociie TpexKpaTHOIro WK YETHIPEXKPATHOIO MPOXOKIACHUS U
OTpa)KeHUsI BOJIH HANPsDKEHUI B TeJIe MPOLIECC paCIPOCTPaHEHUs] BO3MYIIEHHH cTa-
HOBMTCS yCTaHOBUBLIUMCS, TEJI0 HAXOIUTCS B KoaeOaTenbHOM ABinkeHuu. [Ipobe-
Ma MOZICTIMPOBAHMS 33724 HEePEXOIHOr0 EPHOAA SIBISIETCS aKTyalbHON (yHIaMeH-
TaJbHOM M MPUKJIAIHOW HayyHOH 3anaueil. Memoodwl. [y pelieHus AByMepHOH
IUIOCKOM JMHaMU4ECKOH 3a[ja4i TEOPHU YNPYrOCTH C Ha4yaJIbHBIMHM M TPAaHUYHBIMU
YCIIOBHSIMU IIPUMEHSETCS METOJ] KOHEUHBIX 3/1EMEHTOB B IepeMenieHusx. Ha ocHo-
B€ 3TOr0 MeTo/1a pa3paboTaHbl AITOPUTM U KOMIUIEKC ITPOrpaMM JUIsl PELICHNUs JIU-
HEIHBIX IJIOCKHUX JBYMEPHBIX 3371au, KOTOPbIE MO3BOJIAIOT IPOBOJUTE PACUEThI IPU
HECTALMOHAPHBIX BOJHOBBIX BO3JEHCTBUSX Ha CIOXKHBIE cHCTeMBl. [Ipu paspaboTke
KOMILIEKCA IIPOrpaMM HCIIONb30BaJIC alropuTMuueckuil si3bik «Doptpan-90». Hc-
cnexyemasi o0acTe pa3dHBaack MO MPOCTPAHCTBEHHBIM ITEPEMEHHBIM Ha KOHEY-
HbIE JJIEMEHTH! NepBOro mnopsaaka. [1o BpeMeHHON mepeMeHHOH uccnexyemas 00-
JIACTh TaKOKe pa3OMBaIach Ha KOHEUHbIE 3JIEMEHTHI IIepBOro nopsinka. Pezynomamet.
Paccmotpena 3agaua 0 BO3IEHCTBUM IUIOCKOH MPOIOIBHOM YIPYToi BOJHBI B BUZIE
GbyHKIME XeBHucaiiia Ha KOHCONb ¢ OCHOBaHHEM (COOTHOIIEHHE IUPHHBI K BBICOTE
OUH K JiecsatH). HauanbHble yCI0BUS IPUHATHL HyJIeBbIMU. PellieHa cuctema ypas-
Hennit m3 16 016 084 Hem3BecTHBIX. B XapakTepHBIX 001aCTSIX HCCIEIyeMOl 3a1aun
HOJTy4eHbl KOHTYPHBIE HAlpPsHDKCHMs M KOMIIOHEHThI TeH30pa HampsbkeHuid. Ha oc-
HOBaHUM TPOBEAEHHBIX MCCIEIOBAHUN MOXHO CIEaTh CIEAYIOLINE BBIBOJbL: KOH-
COJb (COOTHOLIEHUE LIUPHHBI K BBICOTE OAUH K JIECATH) MOJEIUPYETCS C YIPYTHM
OCHOBaHHMEM B BHJIE YIPYTOH IOJYIIOCKOCTH; YIPYTHe KOHTYPHBIE HAIPsHKEHUS Ha
IpaHsAX KOHCOJM SIBJISIOTCS MOYTH 3€pPKaJbHBIM OTPaKE€HUEM JPYT JIpyra, TO €cTh
AQHTUCUMMETPUYHBIMU; KOHCOJIb MPU CEHCMUYECKOM BO3JIEHCTBUHM PabOTaeT Kak
CTEpP)KEHb MEPEMEHHOI0 CEYEHHUs, TO €CTh €CJIM Ha OJHOW I'PaHU PACTATUBAIO-
LI1e HaNpsHKEHUS, TO Ha JIPYrOd — CXKUMAIOIIUE HAIIPSDKEHUS; Ha KOHTYpaxX KOHCO-
JIM TIPY CECMUYECKOM BO3ICHCTBIN B OCHOBHOM IIPEOOJIAAAIOT N3THOHBIE BOTHEL.

Knrouesvie cnosa: mareMaTndeckoe MOJAEIUPOBaHHUE; BOJIHOBAs TEOpHUs
celicMuuecKoi 6e30MacHOCTH; TMHAMUYECKasl TEOpHUs YIPYTOCTH; celicMu4eckoe
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BBenenue

HMMnynbcHOE BO3JEMCTBUE XapaKTEpPU3yeTCsl BHE-
3aIlTHOCTBIO MMPUJIOKEHUA U KPATKOBPEMEHHOCTBIO Heﬁ-
cTBUs. B nedopMupyemMom Telie nmpu UMITyJIbCHOM BO3-
JIEICTBUM BO3HHMKAIOT BO3MYIIECHUS PA3IUYHON MPUPO-
Jibl. BonHbl HanpspKeHUN pa3inyHOM MPUPOBI, pac-
MPOCTPAaHSACH B NehOPMUPYEMOM Telie, B3aUMO/ICH-
CTBYIOT JIPYT C JPYTOM, YTO IPUBOAUT K 00pa30BaHUIO
HOBBIX 00JIacTell BOSMYIIIEHUH, TIepepacipeIeIcHII0
HarpsbkeHnit u nedopmanuil. Ilocne TpexkpaTtHoro mim
YETBIPEXKPATHOT'O MIPOXOKIACHUS U OTPAXKEHUS BOJIH
HalpspKEHUH B TeNe MPOLECC PACIPOCTPAHEHUS BO3MY-
HICHHP'I CTAaHOBUTCA YCTAHOBUBIIMMCS, HAIIPSXKCHUA U
nedopMarvi yCpenHsIFoTCS, TENO HaXOMUTCs B KoJieOa-
TEJIbHOM JIBU>KEHUU.

HexoTopblie Bompockl B 00J1acTH MOJIEITUPOBAHUS
HECTAI[MOHAPHBIX AMHAMHYCCKUX 33]au PacCMOTPEHBI
B paborax [1-11].

B [6-9; 10] npuBeneHna uHpopManus o huzmde-
CKOIl JIOCTOBEPHOCTH M MaTeMaTHYeCKOH TOYHOCTH
MOJICIMPOBAHMS HECTALIMOHAPHBIX BOJIH HANPSLKEHUNA
B Ie(OpMHUPYEMBIX TeIaX ¢ IOMOIIBIO pacCMaTpHBa-
€MBIX YUCIIEHHOTO METOJ[a, aAITOPUTMa U KOMILIEKca
Iporpamm.

1. IlocTanoBKa 3aga4u

Jns periennst 3a1auu 0 MOJIEIMPOBAHUN HECTALH-
OHApHBIX YIIPYTUX BOJH B 1e(hOPMHUPYEMBIX O0JIACTIX
CIIOKHOM (hOpPMBI paccMOTpPUM HEKOTOpoe Teno I B
MPSMOYTOJIBHOI IeKapTOBO# cructeme koopauHat XOY,
KOTOpOMY B HadaJIbHBII1 MOMEHT BpeMeHH ¢ = () c000-
1aeTcs MexaHudeckoe Bozzeiicteue. [lpennomaoxum,
gro TeNio I M3roTOBJIEHO U3 OAHOPOIHOTO W30TPOITHO-
T0 MaTepHaia, IOJINHSIIONIETOCS YIIPYTroMYy 3aKOHY
I'yka npu MalbIx ynpyrux aedopManusx.

TouHble ypaBHEHHs AByMEpHOH (IIOCKOE Hamps-
JKEHHOE COCTOSHUE) TMHAMHUYECKON TEOPUHU YIIPYTOCTH
UMEIOT BUJT

er ) 86}, ~ oy
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BEKTOpA YIPYTrux NepeMeuieHud Bojib oceil OX
n OY COOTBETCTBEHHO; p — IUIOTHOCTh MaTepha-

na; €, = L
p(l=v7)

o f E o
T'OH BOJIHBI; CS = m — CKOPOCTH NONIEPECUHOU
p(l+v

ynpyroi Bonssl, v — kodddunuent [lyaccona; £ —
Moaynb ympyroctd; S (S,US,) — rpaHHYHBIA KOH-

— CKOpPOCThb NPOJOJBHON yTpy-

Typ Tena I'.

Cucremy (1) B o0nactu, 3anumaemoii teiaom [,
CIeAyeT UHTErPUPOBaTh MPU HAYaJIbHBIX U TPAHUYHBIX
YCIOBHSIX.

s pelieHyst IByMEpHOM TUIOCKOM IMHAMHYECKOM
3a/1a4d TEOPUU YIIPYTOCTU C HAYAJIbHBIMU U TPaHUY-
HbIMH ycToBusIMH (1) HCITONTB3yEM METON KOHEUHBIX
3JIEMEHTOB B NEPEMEICHHIX.

2. MeTtoanka

3amaua pemraercs METOJIOM CKBO3ZHOTO cueTa, 6e3
BBIJIEIEHUS Pa3phIBOB. UTOOBI BHITOTHUTH JHHAMHYE-
CKHUI pacdyeT METOJIOM KOHEUYHBIX 3JIEMEHTOB, HYKHO
HMETh MAaTpPHUILy >KECTKOCTU U MaTPUIy UHEPLUHU KO-
HEYHOIO 3JIEMEHTA.

[IpunuMast BO BHUMaHUE OTIpeIeNIeHIe MaTpUI] U
BEKTOpOB 115 Tena [, 3ammceiBaeM mpuOIMKEHHOE
3HAYEHUE YPAaBHEHUS IBMKECHUS B TEOPUHU YIIPYTOCTH:

Hb+Kb=R,
(p|z=0 =(D0’
(p|t:0:®0a ()

rne H — marpuna unepuuy; K — MaTpuia KecTko-
cti; @ — BEKTOP Y3JIOBBIX YIPYTHX MEPEeMEIICHUH;

® — BekTOp Y3/OBBIX YIPYTUX CKOPOCTEH Iepemeltie-

i, O — BEKTOp Y3JIOBBIX YIPYIUX YCKOpEHUH; R —
BEKTOP Y3J10BbIX YIIPYTUX BHEIIHHUX CHUIL.

s UHTETrpupoBaHusl ypaBHEHHS (2) KOHEYHO-
JJIEMEHTHBIM BapHaHTOM MeToja ['anepkuHa npuse-
ZIEM €rO0 K CIELYIOIIEMY BUIY:

i?ié+fq—ﬁ

dt ’
6-¢ 3)
dt '

WHrerpupyst mo BpeMEHHOW KOOPIUHATE COOTHO-
merne (3) ¢ MOMOIIbI0 KOHEYHOIJIEMEHTHOTO BapH-
aHTa Metoja [ajiepkuHa, MoIy4YrM JIBYMEPHYIO SIBHYIO
JIBYXCJIOMHYIO KOHCUHOIJIEMEHTHYIO JIMHEHHYIO CXeMy

DYNAMICS OF STRUCTURES AND BUILDINGS
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B NICPEMECIICHUAX MJId BHYTPECHHUX WU I'PAHUYHBIX Y3J10-
BBIX TOYCK!

b, =d +AtH' (-Kd, +R),

Dy ) =By + Aty )

1

rae: At — 1ar 1o BpeMeHHON KOOpAUHATe.

Cucrema ypaBHeHui (4) A1 BHYTPEHHHUX M Tpa-
HUYHBIX Y3JIOBBIX TOYEK, [IOJIy4€HHAs! B Pe3ysIbTaTe HH-
TErpUPOBAHUS YPaBHEHHUS ABIKEHUSI TEOPHU YTIPYTO-
CTH, JOJDKHA 1aBaTh PELICHHUE, CXOIIEEcs K PEILCHHIO
HUCXOJHOH CHCTEMBI.

Ilar mo BpeMeHHOU mepeMeHHoi At ompenens-
€M U3 COOTHOLIECHHUS

min A/,
C

P

At=k (=123 .., 7)), (5)

rae Al — AnmMHA CTOPOHBI KOHEYHOTO JJIEMEHTA; 7 —
YHCII0O KOHEYHBIX JJIEMEHTOB.

Pe3ynbTaThl YMCIEHHOTO AKCHEPUMEHTa MOKa3alHy,
gyro nipu k = 0,5 obecrieunBaercsi yCTOMIUBOCTh JIBY-
MEpPHOU SIBHOM JBYXCIIOMHONW KOHEYHORJIEMEHTHOM JTH-
HEWHOU CXEMBI.

Ha ocHOBe MeTOa KOHEUHBIX 3JIEMEHTOB B Iepe-
MEIIEHNX pa3paboTaHbl AITOPUTM U KOMILIEKC Ipo-
rpaMM ISl PEUICHUS TMHEHHBIX TUIOCKUX ABYMEPHBIX
3a/1a4, KOTOpPBIE MO3BOJISIOT MPOM3BOUTE PAcUEThl NPH
HECTAIIMOHAPHBIX BOJHOBBIX BO3ICHCTBUIX HA CIIOXK-
HBle cucTeMbl. [Ipr pazpaboTke KOMILIEKca porpaMm
HCTIONTB30BAJICS ANTOPUTMUYECKHUH S3bIK «DopTpan-90».
HUccnenyemast 061acTs pa3drBaiach 10 MPOCTPAHCTBEH-
HBIM TIEPEMEHHBIM Ha KOHEYHBIE 3JIEMEHTHI IIEPBOTO
nopsnka. I1o BpeMeHHOI IepeMEHHOI uccienyemas
0071acTh TakXe pa30rBaliach Ha KOHEYHBIC 3JICMCHThI
MEPBOTO TOPSIKA.

3. Pe3yabTathbl

PacueTsl IPOBOAMITUCE TIPH CIISYIOIINX SIMHULIAX
W3MEPEeHHS: KHIIOTPaMM-CHIIA (KI'C); CAHTUMETP (CM);
cekyHma (c). g mepexoma B Ipyrue €IUHUIIBI W3-
MEpEHHUsl OBLIN MPUHATHI CIACAYIOIIME JOMYIICHHUS:
1 kre/em® = 0,1 MITa; 1 kre c¥/em®* = 10° kr/v’.

PaccMarpuBanach 3ajaua 0 BO3JI€MCTBUM IIJIOCKOH
MPOJIOJIBHON YIPYrod BOJHBI B BUje (yHKIMH XEBHU-
caifj]a Ha KOHCOJb C OCHOBAaHHMEM (COOTHOIICHHE Y-
PHHBI K BEICOTE OJMH K Jecstu) (puc. 1).

HauanbHble yCaoBHs IPUHSTHI HyJIeBbIMUA. OT TOY-
Ki F mapainiensHo CBOOOmHOM moBepxHocTH ABEFG
HPWIOKCHO HOPMAIBHOE HAIPSDKEHHE G, , KOTOPOE IIpU
0<n<l1l (n=t/At) uzmensercs nuaeitHo ot 0
no P,amnpu n>11 paBHo P (P=¢,, c,=0,1 MIla
(1 krc/em?)).

LVHAMUKA KOHCTPYKLIWA 1 COOPYXEHUM

990H 10HH 999H

L’—J 2000H

| I

DC

Puc. 1. [ToctaHoBKa 32124 [JIsl KOHCOJH (COOTHOLICHUE
IIUPHHBI K BHICOTE OJIMH K JECATH) C YIPYTHM OCHOBaHHEM
(TONTY JIOCKOCTH)

[Figure 1. Problem statement for a console (width-to-height
ratio of one to ten) with an elastic base (half-plane)]
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H1 A5 {1 A10
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E B

Puc. 2. Touku, B KOTOPBIX [1OJIyYEHBI
KOHTYPHBIC HAIPSDKECHUS B KOHCOJIH
[Figure 2. The points at which the contour voltages
in the console are obtained]
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Puc. 3. U3MeHeHHE yIPYTroro KOHTYPHOTO HANPSKEHUS. G,

B TouKax 1 U 6 Ha KOHType KOHCOJIH BO BpeMenu ¢/ At

[Figure 3. The change of elastic contour stress G,

at points 1 and 6 on the console loop in time /At ]
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Puc. 4. 3MeHeHne ynpyroro KOHTYPHOTO HALPSUKEHUs O,

B TOUKax 2 U 7 Ha KOHType KOHCOJIM BO BpeMeHu ¢/ At

[Figure 4. The change of elastic contour stress G,

at points 2 and 7 on the console loop in time ¢/ Af ]
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Puc. 5. 3MeHeHHe yIPYroro KOHTYPHOTO HALPSDKEHUS O,

B TOUKax 3 U 8 Ha KOHTYpPE KOHCONIH BO BpeMeHu ¢/ At

[Figure 5. The change of elastic contour stress G,

at points 3 and 8 on the console loop in time ¢/ At ]
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Puc. 6. M3MeHeHHE yIpYroro KOHTYPHOT'O HANPSKEHHS G,

B TOUKax 4 1 9 Ha KOHType KOHCOJIM BO BpeMeHu ¢/ At

[Figure 6. The change of elastic contour stress G,

at points 4 and 9 on the console loop in time ¢/ Af ]
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Puc. 7. U3MeHeHHE yIPYTroro KOHTYPHOTO HAPSKEHUS. G,

B Toukax 5 u 10 Ha KOHTYpe KOHCONH BO Bpemenu ¢/ At
[Figure 7. The change of elastic contour stress G,

at points 5 and 10 on the console loop in time ¢/ At ]

I'pannunsie ycnoBus s koutypa GHIA npu
t>0 u=v=u=v=0. OTpakeHHbIE BOJIHbl OT KOH-
typa GHIA He NOXOAAT 10 UCCIETyEeMBIX TOUYEK MPU
0<n<500. Koutyp ABCDEFG cBoOozeH oT Harpy-
30K, KpoMe Touku F . Pemaercs cuctema ypaBHEHUI
3 16 016 084 HEU3BECTHBIX.

Ha puc. 3—7 nokazaHo u3MeHEHHE KOHTYPHBIX
HanpsDKEHUH Oj B KOHCONMM (pHUC. 2) BO BPEMEHHU

t/At.

3akiaouenue

Koncoub (cooTHOIIEHUE MUPUHBI K BRICOTE OJIUH
K JCCATH) MOIEITUPYETCS ¢ YIPYTUM OCHOBAHHEM B
BHJIE YIIPYTOH MOJIYIIOCKOCTH.

Ynpyrue KOHTypHBIC HAMPSLHKEHUSI Ha TPAHSIX KOH-
COJIU SIBJIAIOTCSI TIOUTH 3€PKAITGHBIM OTPKEHHEM JPYT
Jpyra, TO €CTh AHTHCUMMETPUIHBIMH.

Konconb mpu ceiicMuueckoM Bo3zieHcTBUM pabo-
TaeT KaK CTeP>KeHb MEPEMEHHOI0 CEYEHHUs, TO €CTh
€CITM Ha OJTHOHM TPaHM — PACTATUBAIOIINE HAIPSHKSHUS,
TO Ha IPYTOH — COKMMAFOIIIHE HATIPSKCHUSI.

Ha xoHTypax xoHCOMM npu celicMUYECKOM BO3/EH-
CTBUHM B OCHOBHOM TIPe00JIaatoT N3THOHBIC BOTHEI.
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Abstract

The aim of the work is to consider the problems of numerical modeling of seis-
mic safety of the console with the base in the form of an elastic half-plane under un-
steady wave influences. Stress waves of different nature, propagating in the deformed
body interact with each other. After three or four times the passage and reflection of
stress waves in the body, the process of propagation of disturbances becomes steady,
the body is in oscillatory motion. The problem of modeling problems of the transition
period is an actual fundamental and applied scientific problem. Methods. The finite
element method in displacements is used to solve the two-dimensional plane dynamic
problem of elasticity theory with initial and boundary conditions. On the basis of the
finite element method in displacements, an algorithm and a set of programs for solving
linear plane two-dimensional problems have been developed, which allow solving
problems with non-stationary wave effects on complex systems. The algorithmic lan-
guage “Fortran-90” was used in the development of the complex of programs.
The study area is divided by spatial variables into finite elements of the first order. Ac-
cording to the time variable, the study area is also divided into finite elements of the first
order. Results. The problem of the influence of a plane longitudinal elastic wave in the
form of a Heaviside function on a console with a base (the ratio of width to height is
one to ten) is considered. The initial conditions are taken as zero. The system of equa-
tions from 16 016 084 unknowns is solved. Contour stresses and stress tensor compo-
nents are obtained in characteristic areas of the problem. On the basis of the conducted
researches it is possible to draw the following conclusions: the console (the ratio of
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width to height one to ten) is modeled with the elastic basis in the form of an elastic
half-plane; the elastic contour stresses on the faces of the console are almost a mirror
image of one another, that is, antisymmetric; the console under seismic action works as
arod of variable cross-section, that is, if there are tensile stresses on one face, then com-
pressive stresses on the other; on the contours of the console under seismic action,
bending waves mainly prevail.

Keywords: mathematical modeling; wave theory of seismic safety; dynamic
theory of elasticity; seismic impact; fundamental impact; console; elastic half-
plane; contour stress; bending waves
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