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Ocobble TOUYKM HanpPsAXXeHHO-AehOPMUPOBAHHOIO COCTOAHUSA
KaK craboe KOHCTPYKTUBHOE MECTO 3aHUN U COOPYXKEHUN
npu cencMmn4ecKom BO30eMCTBUN
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AHHOMayus. ExerogHo B Mupe npoucxoaut 1-2 katactpodmyeckux semnetpsiceHnst, 10—15—pernoHanbHoro mac-
wraba, 100-150 — ¢ pa3pyLwnTENbHBIMY TOMYKaMK. Takue npupogHble 6e4CTBUSA MPUBOASAT K MHOTOMUCIEHHBIM YeNoBe-
YECKUM XKEepPTBaM W HaHOCAT OrPOMHbIN AKOHOMWUYECKUIA YLepb cTpaHaMm B CEMCMMYECKM aKTUBHbLIX nosicax 3emnu. Yxe
Bonee cTa neT M3yyalTCcs BOMPOCHI CEACMONOrMW U TEOPUU CENCMOCTOMKOrO CTPOMTENBCTBA C LieNbi0 MUHUMW3aLUn
nocneacTsuii 3emneTpsiceHmin. OcoGeHHOCTM NPOEKTUPOBAHMS 3aHUIA 3aBUCAT OT CTENEHU CENCMUYECKON aKTUBHOCTM.
B WpkyTckoi obnacTu 3emneTpsiceHuns YacTtbl, 4To TpebyeT yyeta CENCMUYECKON Harpysku npu CTpoMTENbCTBE. 34aHus
1 COOPYXXEHUSI COCTOSAT U3 PasHbiX BUAOB KOHCTPYKLMIA, B KOTOPLIX M3-3a CMELMGUKNA YCTPOMCTBA MOTYT BO3HWKATb 0CO-
6ble Toukm HOC. B gaHHoW cTaThe Bbina paccmMoTpeHa 0fHa U3 TakMX KOHCTPYKUUIA, @ UMEHHO OKOHHbIE NMPOEMbI: YacTo
nocre 3eMrneTpsICEHNIA B yriax OKOH 0BHapyxmBatoTcs TpeluHbl. B nporpamme Nastran Hamu Bbinv NOCTPOEHbI MOAENM
¥ NpoBefeHbl pacyeThl, YTO NO3BONWIO YBUAETL BO3HUKHOBEHWE 0cobbix Todek HOC 1 npeanoxuts OOHO U3 peLleHni
Mo n30aBNEHNIO OT TaKUX HaNMPSHKEHWUI 1 NPEAOTBPaLLEHNIO 06pa30BaHMsA TPELLMH.

Knroqeenie cnoea: ceficMnyeckoe BO3LENCTBUE, 00pa3oBaHne TPeLLMH, 0COOLIe TOYUKM, HANPSKEHNS, HANPSHKEHHO-
fAehopMUpoBaHHOE COCTOSIHME, AedhopmMaLm

Singular points of the stress-strain state as a weak structural point
of buildings and structures under seismic impact
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Abstract. Every year there are 1-2 catastrophic earthquakes in the world, 10-15-regional scale, 100-150 - with destruc-
tive shocks. In addition to numerous human losses, such natural disasters cause enormous economic damage to countries
in the seismically active zones of the Earth. For more than a hundred years, the issues of seismology and the theory of
earthquake-resistant construction have been studied in order to minimize the consequences of earthquakes. Seismic activity
has a great influence on the design of buildings and structures. A feature of the Irkutsk region is frequent seismic activity,
which requires that seismic load be taken into account during construction. Buildings and structures consist of different types
of structures, and due to the peculiarities of their design, special SSS points may occur in them. The article discusses one of
these structures, namely window openings: often after earthquakes, cracks are found in the corners of the windows. The
models built in the Nastran program and the calculations made it possible to see the occurrence of SSS singular points and
offer one of the solutions to get rid of such stresses and prevent the formation of cracks.
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MNpn aHanuse nocneacTsui CEMCMUYECKOrO
BO34ENCTBMSI Mbl YaCTO MOXEM Habnogatb obpa-
30BaHue TpewmH. OHM GbIBAOT TEXHOTEHHLIMU 1
€CTECTBEHHbIMU, KOHCTPYKTUBHBLIMW WU TEXHOMOM-
YECKUMM, OTKPBITbIMM U 3aKpbITbiMK. OBpasytoTcs
B 3aBMCUMOCTM OT MHOXECTBA PasnnyHbIX (aKTo-
POB: HauMHasa OT NPOCAAKN IPYHTA, Bbl3biBAOLLEN
HEpPaBHOMEPHOE pacnpefeneHne Harpy3km B KOH-
CTPYKTMBE 3[aHWs, 3aKaH4YMBasi TEXHOrEHHbIMM
nocneactemamu [1,2]. Mbl pewmnu 3aoCTpuTb
BHMMaHME MMEHHO Ha TPEeLLWHax, KoTopble obpa-

3yl0TCH B MECTax TaK Ha3blBaemoro CKOMneHus
HanpshKeHW, TO €eCTb TOYKax HanpsHKeHHO-
[ehOPMUPOBAHHOIO COCTOSIHUS.

Ocobble TOYKM MOXHO OXapaKTepu3oBaTb
KaK KOHLEHTpaTopbl HaNpPshXeHUs KOHCTPYKTUBA
3daHusi, coveTarwme B cebe HanpskeHus, Bbl-
3BaHHblEe KaK MOMepeyvyHON Harpyskon, Tak U
npogonbHon. ObnacTn 0cobbix TOYEK HaxoaaT-
CS B yrnax [ABepHbIX W OKOHHbIX NMpoemoB. Ha
puc. 1 naHHble 06nacT OTMeYEHbl KpPacHbLIM
MapKepoM.
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Puc. 1. O6nacmu oco6bix moyek HC

Bosgencteme npogonbHOM U nonepevHon
Harpy3Kku NpuMBOAWUT K 06pa3oBaHWI0 pacTarnea-
IOLLEr0 HanpshKeHusl, YTO B CBOK Ovepedb Be-
[ET K NOABIIEHUIO Tak1xX onacHbIX gedopmauun,
kak oTpbIB (a), casur (d), pacTsxeHuwe nog yr-
nom (b) n cmaTtue (c) (puc. 2).

Hac wHTepecyeT Takonm Bupa Aedopmauunu
Kak pacTskeHuWe nop yrnom, Bedb WMMEHHO OH
BO3HMKAET MpWU CENCMMUYECKON aKTUBHOCTU M
MMEHHO OH, BO3JENCTBYs Ha 0COBYl0 TOuKY
HOC, npuBogut Kk 06pasoBaHuNio TPELUMH B AaH-
HbIX y3nax [3]. KoHCTpykTMBHO u3bexaTb BO3-
HUKHOBeHMss ocobon Toukm HAC BO3MOXHO C

MOMOLLbIO YCTPOWCTBA BYTOB.

ByTbl B ene30BeTOHHbIX COOPYXEHUAX
(puc. 3) [4] - aTo yTonuweHus nauT unu Banok
no BbiCOTE ceyeHus BO6MM3K onop. ByTbl noBbl-
AT COnpoTuUBReHne NuT u 6anok Ha KopoT-
KOM MPOTSHKEHUU OKOMO OMop, A€ MOMEHTbI U
nepepesaroLime cunbl JOCTUralT HaMbonbLumx
abConioTHbIX 3HayeHUn. Takoe YBenuyeHHoe
ceyeHne NpUMeHsieTcs K onopam Ans cooTBeT-
CTBEHHOrO pasmeLlleHns apmaTtypbl B NpoTUBO-
LEeNCTBME oOTpuuaTtenbHbiM  U3rnbaowmm  Mo-
MEHTaM.
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Puc. 2. PaznuyHble eudbl deghopmayuii
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OTHowweHue BbIcOThI (h) ByTa Kk €ro 3anoxe-  yCTPOMCTBO BYTOB HeZOMYCTUMO, TO YBEnuye-
HUIO (ANUHE) npuHMMaeTcs obblyHO He Boree  Hue ceveHwin Banok JocTuraeTcs uMx paclumpe-
1:3, B MPOTUBHOM Cry4yae MPUXOAUTCA YuuTbl-  HUEeM. [N ynyuweHus conpoTMBREeHMs 6anok
BaTb BMUSIHWE HAKMOHHOIO MOSIOKEHNS NOBEPX-  YBEIMYEHWE BbLICOTHI SBMSAETCA  NpeanoyTu-
HOCTM BYTOB Ha BESIMUYMHY PACYETHBIX HaNpsixe-  TEMbHbIM.

HuK [5]. Ecnmn xe no kakum-nnbo coobpaxeHnsm
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Puc. 3. Yempotlicmeo eyma

Mol oto [ Wiehing | Papvacesing

Enny Kitoe

Puc. 5. Pa3z6bueka modenu Ha afieMeHmbl
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Mpy noMOLM NpPOrpaMMHOrO  KoMmnekca
Femap with NX Nastran mMbl pewmnu usyuutb,
KaK MeHsIeTCa HanpshxkeHue B obnactu ocobon
TOYKM MpW ycTpoucTBe ByTa U 6e3 Hero. [ns
Ha4yana Hamu Gbina cosgaHa mMoaenb OKOHHOro
npoema (puc. 4) [6].

[Nanee Mbl pa3bunn NonyunBLLYOCA Moaesb
Ha anemMeHTbl (puc. 5), 3aganu xapakTepucTuku
matepuana, Yykasanu CBA3W W MPUIIOXUIIN
Harpysky.

MNocne 3agaHus Bcex Heobxoaumblx napa-

ULt Oclete Group View Windom Help
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METPOB Mbl MPOBENW pacyeT U aHanm3 CUCTEMbI.
PesynbTatr npeactaeneH Ha puc. 6,7 [7, 8].
MoXHO 3aMeTWTb, Kak B yrny B AMaroHanbHOM
HanpasneHun obpasoBanacb o6nacTb Hanps-
xeHus. MMonyyeHHas obnacTb 0603Ha4YaeT oco-
6yro Touky HAC.

Mbl nocTpomnn Mogenb OKOHHOrO npoema ¢
BYTOM, 3a[jarnu Texe XapakTepucTukm marepuana
M NPUNOXUIKN TaKyk e Harpysky. Ha puc. 8, 9
MOXHO BWOETb aHanu3 MoCTPOEHHOM YacTu Mo-
[enu yrna c ucnons3osanuem syta [9, 10].

Puc. 6. Pesynbomam aHanu3sa cucmems!

B Femap with N Nstran - [Model] - [Unted]
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Puc. 7. Peaynbmam aHanu3a cucmemsl
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Puc. 8. Modenb 0koHHO20 npoema ¢ ucrnosjib3oeaHuem eyma
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Puc. 9. Pesaynbmam aHanu3a cucmemsl!

Kak Bugum, matepuman v BenNWYMHa Harpysku
OCTanuCb NPEXHWMM, HO MPU YCTPOWCTBE ByTa
(3aKpyrneHue) HanpsikeHue, BO3HUKaKOLWee B
uccnegyemon obnactu, cyesno.

N3 aHanusa co3gaHHbIX MOAENEN MOXHO
caenatb BbIBOA, YTO YCTPOWCTBO BYTOB — 3TO
OTNMYHBIN  cnoco® Gopbbbl €O CROXHBIMK

HanNpsXXeHHO-4e(OPMUPOBAHHBLIMUA  COCTOSHUS-
MU, BO3HWKAOLWMMW B OKPECTHOCTU 0COBOM TOY-
KW NpU CencMUYecKon akTuBHocTu. [lpumMeHe-
HWe BYTOB MOMOraeT pacnpegensTb Hanpske-
HWe, BO3HMKaloLLlee B AaHHOM yane, bnarogaps
yeMmy peluaeTcs npobnema TpeLmH.
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