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NPEAUCJIOBUE

ABapuyu CTPOMTENbHBIX KOHCTPYKUMI 3LaHHE H COOpy-
XKeHuH HaHOCAT 3HAYUTeNAbHBbIH 3KOHOMHYeCKHMH yuwepb u
YyacTo COMPOBOXKAAKTCA paHeHHeM K rubenbio Awoned.

Flpoucxonar aBapun CTPORTENBHBIX KOHCT PYKUHH 0GBIYHO
M3-32 COBOKYITHOCTH NMPHUUKH: OUKOOK MPH NPOCKTHPOBAHMHK,
HH3KOIr0 KayeCcTBa MaTepHaJsos, HCMOJAb3yeMbIX AJig HeCYLKX
KOHCTPYKL#H, HapylleHHs] TeXHOJOMHH H3rOTOBJIEHKS] W MOH-
TaXa CTPOUTEJBHBIX KOHCTPYKIMHA, HecobaiodeHus NpaBri
3KCITyaTaluy 3LaHUH W COOpY>KeHkH.

ABapuu. CTPOMTENBHBIX KOHCTPYKUHE PelKO MPOMCXOLAT
BHe3anHo. OOGBIYHO MOXKHO Ha6nwAaTth psl MpelBeCTHHUKOR
~aBapuu. Ecau cBoeppeMeHHO 3aMeTHTb MPH3HAKK MPHOIH-
Xamwouelicss aBapu#, TO MOXHO BOBpeMsi NPHHSATBH Npodu-
JaKTHYeCKKe Mepbl: BbIBeCTH JIOLeH M3 onacHo# 30HBI, Ipo-
M3BEeCTH Pas3rpys3Ky aBapuitHOH KOHCTPYKUHH, YCTaHOBMTD
BpeMeHHble KpeljeHus W T. I. [lostoMy Tak BaKHO MHXKe-
HEePHO-TEXHKYECKOMY [epCOHaNy CTPOMTEJbHBIX ¥ 3KCIVYya-
TALIKMOHHBIX OpraHM3alMii 3HaTb MpPH3HaxKK aBapuiHoro co-
CTOSIHHSE KOHCTPYKUKH. DTOMY Bofipocy MOCBsillleHa HacTod-
was pabora.



1. OBLLIUE NOJOYEHUS
MO OLLEHKE ABAPUHHOCTHU )
CTPOUTEJBHbIX KOHCTPYKLLUH

TEPMPIH «aBapHsi» U CBA3aHHble C HAM TMOHATHA «aBa-
pHiiHOE COCTOSsIHME», «NpellaBapHiHOe COCTOSIHHE» HE UMEeIOT
TBepAbIX o6lLenpHHATLIX TOAKOBa KA. B nanHON pa6oTe moj
apapHel CTPOMTENbHBIX KOHCTPYKUKIT 3LaHHS WK COOpyxe-
HUA MoJpa3yMmeBaercst OOpylleHHe CTPOWTENbHON KOHCTPYK-
LM# HJK BCEro 34aHUA WJIH COOPYXKEHHs B LRJIOM, a Takxke
nojAyueHHe ¥WMu TakKuX nedopMauui, KoTopble nena}oT He-
BO3MOXKHOH KX IKCILTyaTaUKIo.

[lon aBapuiiHbIM cocTostHHEM [OJpa3yMeBaeTCst TakKoe
COCTOHHE KOHCTPYKLMHM 3LaHHA WM COOPYXKeHMS, MpH Ko-
TOPOM C OOoJbIION CTeneHblo BEPOATHOCTH B 6J1mKamnee
BpEMS ‘MOXHO OXHIATh €ro aBapHio.

' IlpegasapuiinblM cocTosiHHeM OyleM Ha3biBaTb TakKoe
COCTOStHMEe KOHCTPYKLHHM, KOTZa B Cayyae MPOLONKEHKS He-
OnaronpuATHLIX BO3geicTBuil (HepaBHOMepHas ocajgka ¢yH-
NaMeHTa, nepernabl TeMepaTyphl, arpecCHBHOCTL cpenbl ¥
T. 0.) MOXeT MPOU3CHTH aBapus KOHCTDYKILHH.

ABapust CTPOWTENBHBIX KOHCTPYKUHMH BO3MOXHa #3-3a
HaJIKU¥sl B HUX CKPBIThIX LedeKTOB, B pe3ysbTaTe XpYyNKoO#
paboTbl KOHCTPYKLUMH, KOIZa pa3pylieHHe [POHCXOLHUT Ge3
npefBapuUTeNbHbIX CUABHBIX Hedopmauunid. B 3ToMm cayuae
YCTaHOBHTb (paKT HaJUUUS aBapUHOTO COCTOSHHUSA KOHCTPYK-
LMK OYeHb TPYIHO.

OpHako B GONBIIMHCTBE CyUaeB aBAPHM KOHCTPYKLMH
NpeflllecTBYIOT pa3BuTHe OOJblIUX LedopMauni, nosBJIeHKe
M pacKpbiTHe TpelUWH ¥ LApYyrHe BHIMMbIE TNpPH3HAKK aBa-
DHAHOIO COCTOSHHUS.

Lenpio HacTostiell paBoTh fBJASETCS OMMCAHKWE MPH3HA-
KOB, [0 KOTOPBIM MOXHO ONpeJeNHTb, YTO COCTOSHHE KOH-
CTPYKLIHH SIBJSACTCH aBapHHHBIM.
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Hapsidy c Bu3yanbHbIM U BU3yaJIbHO-UHCTPYyMeHTaAbHBIM
obcJaeloBaHKeM IJIsi yCTaHOBJieHHS aBapUITHOCTH KOHCTPYK-
LIHY 06bIYHO MPOU3BOAAT MOBepPOYHbIe pacyeThbl KOHCTPYKIIHHU.
Ilpu nosepouHblX pacueTax 06 aBapUHHOM COCTOSIHHH KOH-
CTPYKLUHMH CYHAT M0 CTeNeHHW npesbllleHUs pakTHYecKoR He-
cyitedl crnocoOHOCTH KOHCTPYKIHKM C y4eTOM BBLISSBJIeHHBIX B
Hell nedeKTOB Haj pacueTHoM.

B cyutecTByOlUX HOpMax NpoeKTHPOBAHKS l'lpHHHTO cae-
Lyiouiee noJoXxeHHe: ecJad Kakoe-1u60 cedeHKHe KOHCTPYKLIHUH
HOCTHrJIO TiepBOH Tpylinbl NpefenbHbIX COCTOSHUH, TO 3TO
npejesbHoe COCTOSHHE HacTynaeT M BO BCeff KOHCTPYKLHH.
B oTHolleHHH aBapHIHOTO COCTOSIHHUSI 3TO CNPaBeLJUBO AJIS
CTaTHYeCKH onpeleiseMblx cucTeM. B craTuuecku Heomnpe-
JlenfieMbIX CHCTeMax HOCTHXXeHue B KaKOM-JHGO OgHOM ce-
YeHHH MpefesbHOro COCTORAHUSA OOBIUHO He CBsi3aHO C 06py-
ileHHeM KOHCTPYKIMH. OTO TakKe NOMIKHO ObITH YUTEHO NpH
pelieHHHd BOMpOCa O fIPH3HAHMM COCTORHHS XKOMCTPYKIIHH
aBapHHiHbIM. AHanu3 pe3ynbTaToB 06CAeL0BaHUSA U [OBEPOU-
HbIX pacyeToB [103BOJISAET N aTh NOCTOBEPHbBIH OTBET Ha BOIPOC,
AABASETCH JIH COCTOsIHHe KOHCTPYKUHH aBapURHBIM.

-T1pu 3TOM MOXHO BCTPETHTHL CAelylOLLHe CAyHaHu:

1) obcienoBaie KOHCTPYKUUR BLISBASET .PH3HAKY, 1O
KOTOPBIM MOXHO CYIUTb, 4TO KOHCTPYKLUHS HaXOILMTCS B
aBapURHOM COCTORHHH; TO Xe MOATBEPXKAAWT U NTOBEpPOUHbIe
pacueTb;

2) o6cnenoaHie BbIIBJASIET MPH3HAaKH aBapuitHOro co-
CTOAIHHSA KOHCTPYKLHUH, HO NIOBEPOUHBIe pacyeTsl 3TO He MO-
TBEpXKal0T;

3) pe3yJsbTaThi NOBEPOUYHBLIX PACUETOB IOBOPSAT O HAJIUYHU
apapuHHOro COCTOSSHMS KOHCTPYKLHH, a obcuaeloBaHue MpHU-
3HaKOB TAKOro COCTOSIHHA He 0OHapy»KUBaer.

B nepsom cayyae GeccriopHO cJejyeT CYUTaTh, YTO ¥MeeT
MecTO aBapuiiHoe COCTOSiHHEe KOHCTPYKIHH.

Bo BTopoM cayuae caefyeT npoaHasnu3KkpoBaTh MoBepoy-
Hble pacyeThl, a8 KMEHHO: yYTeHO JH MpH uX BbITOJHEHHH
BJMsIHHE BBIsiBJIEHHBIX 1edEeKTOB CTPOUTENLHBIX KOHCTPYKUMH,
NpasHABHO JIKW [PHHATA pacyeTHas cxeMma.

Ecnp npu noeepouHbix pacuerax omuboOK He crenaHo,
TO He HMeeTCHl JOCTaTO4YHbIX OCHOBaHHUH CUUTATh COCTOSHHe
KOHCTpPYKUHMH aBapufiHbiM. B 3aBUCHMOCTH OT BHI@ XOH-
CTPYKUHH U BbISBJIEHHBIX J€DeKTOB B Psjle CAyiaeB MOXKHO
MpU3HaTh TaKOe COCTOSIHWE KOHCTPYKLHU# npenaBapHHHBIM.
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B Tpetrem ciiyyae HyXHO ellle pa3 06CJiefOBaTb KOH-
CTPYKUMIO, H eCJIM NpH 3TOM He OYIeT BLIABJIEHO NPU3HAKOB
aBapUHHOCTH, TO HE NOABUTCA ¥ OCHOBAHUH IS YTBEPXKIeHHS
06 aBapHifHOM COCTOSIHHM KOHCTPYKuMH. OueHb 4acTo BCTpe- .
yawTesa clydyau, KOoria paspyliawilas Harpy3ka sHauUTesbHO
NpPeBOCXOAHT HECYLIYI0 CMOCOBHOCTb KOHCTPYKLMH, NOACYH-
TaHHYIO [0 LeHCTBYIOLUUM HOpMaM.

Cnenyer oTMeTHTb, YTO HPaBHJBHOCTb BbiBoZa 06 aBa-
pPUAHOM COCTOAHUHK KOHCTPYKUKH B 3HAYMTENbHOH CTeMeHH
32BUCHUT OT KBaJM(pHUKALUHU JHLZ, JeJaKlero TaKkoe 3akKJw-
YeHUe, :

B psne nocobufl, HHCTPYKUMH Mo oOGC/IeLOBaHUID CTPO-
UTeNIbHBIX KOHCTPYKUH# DEKOMEHLYeTCH MpH CHWXEHHH He-
cyruef croco6HOCTH KOHCTPYKIIMK Gosee yeM Ha 50% cuutats
TaKoe COCTOSIHHEe KOHCTPYKLMH aBapuHHBIM WIM Ja)ke roBo-
DHTb O HX MOJIHOM pa3pylieHuu. [lo 3TomMy mosopy cuaepyer
32MeTUTh, YTO apapufiHoe COCTOSHHe 3aBHCHUT He TOJbKO OT
Hecyiell CHOCOGHOCTH KOHCTPYKLUMHM (CTelleHM CHUMEeHHs
NpeLyCMOTpeHHOH MpPOEKTOM Hecylie#d CMOoCOOHOCTH), HO U
OT yCWIuil, BBI3BaHHbIX BHeIHWM BosgefictBueM. UTo Kaca-
eTcst 06pyileHHsT KOHCTPYKL#H, TO OHO MOXKET MPOHU3OHTH H
NpH MeHblileM CHIXXEeHHH ee HecymeH crocobHocTH. Ecuan
KOHCTPYKUHS OOpYILIWIach, 3HAYUT OHA FMOJHOCTBIO HCYep-
nana CBOI0 (paKTHYECKYI0 HECyUlylo COCOOHOCTD.



2. TIPUSHAKU ABAPUMHOI'0 COCTOSIHUA
’PYHTOBOIO OCHOBAHUA

ApapufiHbiM COCTOSTHHEM PYHTOBOIO OCHOBAHKS ABASETCH
TaKoe ero COCTOsIHHMe, KOrda KOHCTPYKLUMM 3LaHUSA WK CO-
OpyXeHus, onupalollipecs Ha 3TO OCHOBaHHe, HaXogsaTCs B
aBapuUHHOM COCTOAHHM NO NpUYKHE HeYHLOBJIeTBOPUTEJbHOR
paboTbl OCHOBaHHUS.

CaeposaTenabHo, 06 aBapuHHOCTH FPYHTOBOrO OCHOBaHMS
CYIAT M0 COCTOSHUIO KOHCTPYKLHKH, ONKHPAIOILUXCA H& Hero.

HopMbl npoekTipoBaHus OCHOBaHUH 31aHHi B coopyxe-
Huit [32] orpaHMyuBaOT OTHOCHTENBHYIO Pa3HOCTb OCaLOK,
CPEAHIO H MaKCHMAJbHYI0 0CaKy (YHIaMeHTOB. [1pu mpe-
BbilleH}uK MNpefefbHbiX 3HayeHWH 3TUX gedOopMalmi B KOH-
CTPYKUHKSAX, ONIRPAIOIUXCA Ha OCHOBaHHe, CJAENyeT OXKHLAThb
nosBaeHus TpewwnH. ONHAKO He BCerna fpu 5TOM HacTymnaer
aBapuiHoe COCTOfiHHe KOHCTPYKUMH 31aHHH ¥ COOpy>KeHHfl.
Bo MHOruX cayuasix IpOUCXOQMT JHLIL HapyHlieHie HOpMaJb-
HbIX ycaoBuH 3KCOyaTauuH.

EcrecTBeHHOE OCHOBaHMe, €C/IH MCKJIIOYUTH CTHXHIHHbIE
GencTBHs (3eMJyeTpsiceHue, OMOM3HU), MOXKeET MpHHTH B aBa-
puitHoe cCOCTOsiHMEe B CIY4YasiX, KOTHa:

— 0pH TPOeKTHPOBAHUH 3[aHUS MAH COOPYXKEeHHs Herpa-
BHUJbHO OlI€HEHbl NMPOYHOCTHBIE H necpopmamsﬁbte csoﬁ
CTBa I'PYHTOB OCHOBaHHS,;

— HapylleHa TeXHOJOTHs KOTJAOBaHHHIX pabor;

— [ONyUIeHO 3aMOopaKHBaHHe NMYyYHHHCTBIX I'PYHTOB,

— HapylleHbl NpaBuia 3KCIAyaTaiuuW 3LaHUH ¥ Coopyxe-
HUH. '

B kauecTBe mpuMepa, KOrja HapylleHHe ecTecTBeHHOH
CTPYKTYpbi I'PYHTOBOr0 OCHOBAHHS NpHBENO K aBapUHHOMY
COCTOSIHMIO YaCTH Hal3eMHbIX KOHCTPYKLIHH, MOXHO NpHUBeCTH
BO3Be/eHHe JKHUJIOro MATHITAXKHOrO KpyNnHONaHeaBEHOro JoMa
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B JlenuHrpamckoit o6aacru, ITpu otpoiBke KOTnoBaHa 6Golia
MOBPeX1eHa BoLONpPOBOAHAS MarucTpanbHas Tpy6a, 4 yacTp
KOTJIOBaHa, OTPBITOro B CYIVIMHKE, LOJIOe BpeMsi Gblia 3afuTa
BOJLOH, UTO MpPUBeso K CHALHOMY MepeyBa)KHeHHI IPYHTOR,
HNocne Bossenenus sgamus NPOH3OLIJIO BEIUDAHHE IPYHTOR
H3-TIOL NOLOWWBLE PYHIAMEHTOB C Paspyuienuem mosna mnogu-
Bana. Tpu cexuuu poma, {IOCTpOGHHEIE Ha pa3zXKUXKeHHOM
CPYHTE, MpOCRNIH U OTOpBAMUCh OT ABYX paHee BO3BejeHHbIX
cekuud. Ulupuna tpemun BBEDXY 31aHHS HOCTUMNZ 4 oM
(Puc. 1). ApmupoeangeIi [1OAAC, MIPeIyCMOTPeHHbIH [poeKToM
B CBA3K C HEOLHOPONHOCTBIO OCHOBaHMS, NpH 3TOM pa3o-
pBaics. B uenom 310 3panue Hesnbasg ObWIO MPHU3HATb apa-
DUIHBIM, TaK Kak LedopMaLMi OCHOBaHHUS cTabunu3uposa-
JUCh W OOpyILIeHHS 30aHUg He NPpOoU30UIAOQ.

ABapufiiniM B 3TOM CllyHae MOXXHO CUUTAThb COCTOSHME
CTEHOBLIX maHesell B 30He TpeuwlHH, Tak KaK Bbiau HapyieHsl
CBA3H MaHeNed ADYT ¢ JPYroM H MosBHIHCD TPEIUHEl B
MpoCTeHKax,

IIpumepom mocTuxenus aBAPHAHOT0 .COCTOSHHUS Hajsem-
HBIX KOHCTPYKIHH B pe3yabTaTe MPOMODAXKHUBAHUS MyYHHUC-
THIX TPYHTOB MOTYT CJIYKHTb nepopManuu HagzemHol yacTu
ABYX3TaXXHOTO KMPMUYHOTO MKHJAOMO 1oOMa B MepHON CTpoO-.
uTensctsa 8 [Tymkune. CTpoutensctso goma senoch g 3UM-
HUH nepron. OkHa mogsana He BbuTy OCTeKJieHbl. 3achinay-
HBIf B MOZBan KepaMm3aHuTOBbLIH TPABUH TMPUKPBII OCHOBAHUS
byHLaMeHTOR v HapyXHBIX CTeH. BHyTpenHue npomonbysre.
CTEHb UMeJIM QYHIaMeHT, 3arTy6aeHH bl OTHOCHTEJIbHO MoJa

4
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Puc. 1. Cxema AedOPMALMH KPYNHOMAHELHOIO 3KUIOFD AoMa npu
CHJILHOH HepaBHOMepHOH AePOPMALIMH I'DYHTOBOrO OCHOBAHMUS B pe3yJib-
TaTe erc aamMauuBaAHHUN:

! — ckanbuutit rpyut; 2 — CYrHHOK; & — noBpexaeHuasn BOAONPOBOA-
Ham Tpyba; 4 — rpemmuna, ‘

8



noAsaJsa scero Ha 50 cM. ['pyHT nox 3THMHU CTEeHaMH NpoMeps,
NpoH30IJI0 ero nydeHue. B pesynbrate IOM pacKosoacs
BLoAL Ha nBe 4acTu. lllupuHa TpelwluHsl BBepXy TOpLEBBIX
cred jgocturaa 8—10 cM. B naHHoM cliyuae [OM B LeJIOM
He HaxoNW/ici B aBapuiiHOM COCTOSSHMM. TOJBKO COCTOSIHUE
NpOAOJNBbHBIX BHYTPEHHHX CTeH MOA MNepeMbiuKaMu MOXKHO
OblJI0 Cu¥TaTh aBapuiHBLIM, TaK Kak Npu HajbHeHiueM pas-
BuTHK JedopMauufl MydeHUs MosBASAACh BO3MOXHOCTL 006-
pYylUeHus epeMbliueK K NepeKkpbITHH, onepThix Ha Hux. [Tocae
BOCCTAHOBJIEHHSS B JIeTHee BpeMs XKeCTKOCTH CTeH nyTeMm
YCTZHOBKM TAXKell u 3ajeNIKy TpeliyH, a TakXe yTellleHus
nofBaJsa K caelylouled 3uMe cJaefoB MOCJAeLCTBUH MOpO3HOro
nyyYeHKs OCHoBaHuA He ocrasoch. Ecin Obl 3paHKe ocTanoch
C-HE yTellJIeHHbIM K ‘cjaefylollieil 3uMe MOABaJIOM, BO3HHKJA
Obl peasbHafi OMacHOCTb OOpYIUEHHS YYaCTKOB CTeH.

" Ilpr peKOHCTPYKUHH 3[0aHUA 4acTO YCTPanWBaIOT IKCILIY-
aThpyeMble TeXHHUECKue MOoJABaJibl BMECTO CYLIECTBYIOUIKX
paHee NOJAYIpPoXoxHbIX Mojxnoauil. I1pu aToM o6bIYHO yrayo6-
JASIOT MoABaJ TaK, 4TO pacCTosiHue MexXIy MopomBof dyH-
JaMeHTa ¥ MOBEPXHOCThIO MOJa Mo Baja COCTaBJseT MeHee
50 -cM, a uHOrHa MoJoLIBAa OKa3biBaeTcs JlaX{e Bhblllle MoJa
noagala. : ‘

-~ B nocremHeM ciayuyae Bcerjia HacTymnaer asapuiiHoe co-
CTOSIHHE IPYHTOBOro ocHoBaHuA. Ecsu oTMeTKa nona nojpana
npubaKIKaeTCss K OTMeTKe MNONOIIBbI (pyHIaMeHTa Ha pac-
-crosiHue MeHee 50 cM, TO HeoOXOHMMMO clleliaTh pacuer ocC-
HOBaHMs Mo Hecylle# criocoBHocTk (Mo nepBoff rpynie npe-
IeJabHBIX COCTOSIHUM), T. €. IPOBEPHUTHL OCHOBAHKE HA BO3MOX-
HOCTb BBLINUPAHHUS PYHTOB H3-MOJ MONOIUIBLl (hyHI2MEHTOB.



3. MPU3HAKU ABAPUMHOIO COCTOAHMUS
®YHIAMEHTOB

ApapuiiHoe cocTosiHue (YHZAMEHTOB HacTynaer u3-3a
Hey1OBJeTBOPHUTENbHOH paboThl IPYHTOBOIO OCHOBaHHS HJH
u3-32 HeJOCTATOYHOH [MPOYHOCTH Tena cdyHIaMeHTa.

I1pu HeynoBaeTBopuTenbHoR paboTe PPYHTOBOrO OCHOBA-
HHSE B (yHIameHTe 00pasylTCs CKBO3Hble TpelliHWHBbI, OHH
06LIYHO CHNIBHO PaCKPBITHI, PeIKO PaclioioXKeHbl, [lepecekaloT
(yHIaMeHT Mo BCeH BBICOTE W 3aXOAST B CTEeHB.

OTH TpelUHbl He Bcerna MPUBOAAT K aBapuilHOMY Co-
CTOSHHIO Ha[3eMHBIX KOHCTPYKUHH. TpemiuHbl BHI3BBAIOT
MepepacnpefesneHye YCHAWN [0 [OJHHE ¢HYHL2MEHTOB, UTO
MOXXeT [IPHBECTH K Meperpy3ke OTAENbHBIX Y4acTKOB ¢yH-
LaMEHTOB H HX paspylueHuw. ITo 06bIYHO COMPOBOXKIAETCH
W MECTHBIMH pa3pylieHHsIMH Tesa hyHLaMeHTa Yy NepeMbiuex
Haj npoemaMu. B mecrax neperpysku obpasytorca cnalo
PacCKpbITHie YaCTO PacrnojoXXeHHble BePTHKaJbHbIE TPellUHb]
1 HabnwpaeTrcs BePTHKaJBbHOE paccioeHue Tena (GyHoameH-
ta. [locnegHee omnpepensieTcs NpH MPOCTYKHMBAHWH: BepTH-
KaJbHBIX MOBEPXHOCTEH yHAAMEHTOB. B mecTax paccaoeHus
3BYK NpH NMPOCTYKHBAHWH IMIyXol. Takoe COCTOAHKHE y4aCTKOB
¢$YyHLAMEHTOB CJeayeT CUHT4Tb aBAPHUHBIM.

[Ipu uemocTtaToyHOH MpoOYHOCTH Tena ¢YHIAMEHTOB B
HUX TaKXe MNOSBJASIOTCH 4aCTO pacnosioxeHHble cnabo pac-
KPbITble TPeLHHb! H Ha6MI0LaeTCs BepTHKabHOe PacClIoeHHe.
3T0 aBapuitHoe COCTOSTHHE.

[losiBnenne Tpelut B CTeHKaX GyHLAMEHTOB CTaKaHHOro
TUMA TIOA OTJesibHble KOJOHHbI, OTCYTCTBHE LOJKHOIO OMO-
HOJIMYMBAHUS CTbIKa KOJIOHHBI ¢ (hYHIAMEHTOM CJedyeT NpH-
3HaTb aBapHUHBIM COCTOSHHEeM QYHIaMeHTa, TaK Kak B 3TOM
cnayuae He oBecreydBaeTCs MpefyCMOTPeHHas [IPOEKTOM 3a-
JenKa KOJOHHb! B pyHAaMeHTe, YTO MPHBOIHUT K yBENHUYEHHIO
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ycunuil B OTAEJbHBIX 3JeMeHTax Kapkaca. B npaktuke o6-
cle/IoBaHus Y aBTOpa BCTPeTHAcs caydal, Koria B HOMHOCTbIO
CMOHTHPOBAHHOM ABYX3Ta)XXHOM KapKacHOM 3[aHuH 3ajiefKa
KOJOHH B (PYHAAMEHT OCYLIECTBJAKACh TOJBKO C NMOMOLIBIO
BpeMEHHBIX NepeBAHHBIX KIHHbeB, 0e3 O6eToHa OMOHOJHYH-
BAHHSA.

IIpy pekoHCTpYyKUHM 3RaHMs, KOrja MPOMU3BOAAT yriayd-
JeHHe Mo/BaJjioB, He Bcerja oOpalaloT BHHMaHHe Ha KOH-
CTPYKUHMI0O PyHAamMeHTOB. B foMax mocTpoiiku NpouwsiblX Be-
KOB YacTO HWXHAA 4YacTb (yHAAaMeHTa BbINOJHANKACL H3
KaMHel OKpyrsoit ¢opMbl B pacnop co CTeHKaMHM TpaHUIEH
6e3 npuMeHeHHs CBA3YIOLIEro pacTBopa. YTIayOaATh oA NpH
3TOM HHIKe BepXa TakoH KJaJKH HeJONyCcTHMO.

[Tpu pexoHCTPYKUHMH ABYX3TaXKHOro Aoma B JIeHHHrpal-
ckoil obnacTu, HMeBUlero nofoOHuIH QyHAaMeHT, BMeCTo
THIOJIYIPOXOAHOTO ‘[IOATIONbSl PEUIMIH CAeNaTh IKCIAyaTHpye-
mbifi nopBan. Ilpum 3ToM Ha Goablliyio BbICOTY OOHaMKHJIM
KJBaJKy 43 KamHe#l okpyrio#i ¢opmbl. KamMHH Havaju Bbi-
najgaTth M3 Kaaiku dynaamenTta. CTeHbl, onHparonivecs Ha
70T PyHAAMEHT, hoJyuwin OolbUulde HedopMmaliuy, Nepe-
KPLITUSl [POCEJH, Neperopofku ynaju. Bospemsa He Obiiu
NpUHATE MePHI /i YKpeIIeH!s cTeH ¥ GyHJaMeHToB, yyacT-
KH CTeH Haualy o6pywaThcs, ¥ 3RaHue NPpHILIOCh pasobpaTh
NoJIHOCThI0. B naHHOM ciyyae nepBbifl JKe BbiBaJuBUIMHCS
U3 (pyHAaMeHTa KaMeHb Obi/l JOCTATOYHO JNOCTOBEPHBIM [1pH-
3HAaKOM aBapHiiHoro cocTosHuA ¢yHnamenta. OT MoMeHTa
BbiBaJia MepBbIX KamHe#l A0 o6pyuwieHHs] CTeH MPOWIJIO He-
.CKOJIBKO JIeT.



4. MPU3HAKHU ABAPUHIHOIO COCTOSIHUA
YKEJIE3OBETOHHbIX KOHCTPYKUU

B cooTBeTcTBMM ¢ MOJOXKEHHEM HOPM MPOEKTHPOBAHMSA
»Kes1e300eTOHHBIX KOHCTPYKUMH [3D] nmpefenbHOEe cOCTosHUE
10 NPOYHOCTH HACTyNaeT B CEYEHHWH CHKATHIX, CXKATOU3OTHY-
ThiX U U3rnb6aeMblx xesne306eTOHHbIX 3/ieMeHTOB TOrAd, Korja
Aedopmaiuy B Haubosiee CKATHIX BOJIOKH2X AOCTHraloT mpe-
AeJbHBIX 3HaueHHH. DTO CYMTAETCA PaspyilleHHEM CeueHHS
371eMeHTa. B nosiHOCTBLIO PACTAHYTHIX CeUEHUAX MpPefesbHOe
COCTOSIHHE HACTYMaeT TOrJa, Korjla Hanpsi)XXeHue B apMartype
JAOCTUraeT pacyeTHBIX COMPOTUBJEHMI apMaTypbl pacTsiXe-
HUIO0. o

B ctatHuecku onpenensieMblx H3ru6aeMbix, BHeLleHT PeHHO
CXKAaTblX ¥ BHELEHTPEHHO PACTAHYTHIX 3/ieMeHTax MpH GoJib-
UIMX SKCUEHTPUCHTETAX AOCTHXKEHWE HAMpPFKeHWH B pacTa-
HYTO! apmaType 3HAYEHHH PAcCUETHLIX COMPOTUBJAEHMH (¢u-
3HUYECKOr0 MJIM YCJIOBHOrO Npejesa TeKyuecTH) HeMUHyeMo
NpUBeJET K pa3pyLIeHHIO ceueHHs 3JieMeHTa NPH HeGOMbLIOM
yBeJHUeHHH Harpysku.

B cTaTnuecku HeompegensieMblX 3JieMEHTAX B 9TOM Cayyae
npousoiner o6pasoBaHue NJAACTHUECKOrO WAPHUPA, UTO BhI-
30BeT nepepacnpejieieHHe YCHIni MeXAy ONOPHBIMH M Mpo-
JIeTHbIMH CEYEHWAMH DJieMeHTa.

OTciona MOXXHO CAeaTh BbIBOJ, UTO NOSABJEHHE TEKY4eCTH
B pacTAHYTOH apMaType CTaTHYecKH OnpejlesifieMblX JieMeH-
TOB fAABJfeTcA aBapuiHbIM cocTossHUeM (pHc. 2). B cTaThuecku
HeonpeaefeMblX KOHCTPYKUHMAX NpelesbHOE COCTOAHHE Ha-
cTynaeT TOrJAd, KOrja HayHeT paspyllaTbci CXaTafl 30HA
Getona (puc. 3). O nocTuKeHny pacTAHYTOH apmartypoil npe-
Jejia TeKyuyecTH MOXKHO CYIUTb IO LIMPHHE PacKpbiTHs Tpe-
IMH Ha YPOBHE apMaTyphl.
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Puc. 2, Cxema TpeulHH B CTATHYECKH onpepessemMoM H3rubaemoM xke-
1e306eTOHHOM 3JEeMeHTe:

| — HopMajbHas TpewMHd, B 'KOTOPOH apmaTypa AOCTHIMIA Mpegena
TeKyuecTH; 2 — HaKJIOHHAA TPELiNHA; J — NMPoAO/KbHAA TPELIHHA B CXKATON
30HE 3/eMenTa.

~ Ecau npexe6peub pacTaXXUMOCTbIO 6€TOHa, TO pacKphITHE
TpeiunH Oyner paBHO aGCOJIIOTHOMY YAJMHEHHIO apMaTypbl
Ha ydyacTKe MeX]y TpeluHHamu

acrc = esmlcrcv (1 )

rie €, — CpeAHee 3HaueHHe OTHOCHTENBHOH AedopMaluu
apMaTypbl Ha y4acTKe MeXAy TpellHHaMu

Ean = WEs. (2)
34ech Y, — OTHOLUEHHE CPEAHHX OTHOCHTEJbHBIX Aedop-
MalHil Ha ydacTKe MeXAy TpellMHaMHW K OTHOCHTEJbHBIM
nedbopMalMaM apMaTypbl B ceueHMHM ¢ TpeutuHo# g;. Opmu-
EHTHPOBOYHO MOXKHO NpUHATH Y, = 0,9
OTtHocuTesNbHBle AedopMmaunHud apmaTypbl HpH  JI0CTH-
MEHUHM npefiesa TeKyUeCTH Eg, MOXKHO MPUHATL /A apMa-
Typbl, UMewOUEed (u3nueckKui npenes TeKyUecTH: M3 cTaJiH
kiaacca A-I=0,0011; u3 ctaau kxaacca A-11=0,0019; us
craau kaacca A-I11T = 0,0028.
Jlas apMaTypbl, He HMeOwWed QU3MUYEecKOoro npelena Te-
KyuecTH, OTHOCHTeJbHBle JAedopMalMu [pH JOCTHXKEHHH

1

3\_» 2 /7 _/2 M/a ,
J,;‘(/ TTERN USRI
IR Z4 I

1 +

Prc. 3. CxemMa TpewidH B pacTAHYTOH H C)KATOA 30HAX B CTATHYMECKH
HeonpeneaseMoM H3rub6aeMOM Kene306€TOHHOM 3AeMeHTe:

/ — HopmaJ/ibHBle TPElWMHbl, 2 — HAKJOHKBIE TPeuiMHbl, J — TPOAOIDL-
Hbie TPEUIHHbI B CXaToH 30He 3JeMeHTa.
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bl Bl v ReET bk S - B - .~ f

rae O,y — Hanps)KeHWe B NpefBapUTeNbHO HamnpsAMEeHHoH
apmaType npM HanpsxeHuu B OeToHe, DABHOM HYJI0 C
YUYeTOM BceX MOTEPb.

Hnsi  opuEeHTHPOBOUHBIX PacueToB MOXKHO [NPUHATD
0.9[)2 = O!GRs.m"

Torna nis apmaTyphl 43 cTany Knacca A-1V g, = 0,0032;
knacca A-V g, =0,0037; knacca B-1I g, = 0,0048; xnacca
K-7 g,= 0,0037.

[lpu TakoM nogxome K pelleHHIO MOCTAaBAeHHOH 3apaui
pPackpbITHE TPELLHH, COOTBETCTBY IOLLlEe NOCTHXEHHIO Npefena
TEKYYeCTH B apMarype, MOXHO NpPeACTaBuUTL B BUAe cle-
Bywolei TaGJanLBL

Taénuqa i

PackpbiTue TpelWlul acre
Npu JOCTHXXEHUH B apMaTtype npejesa TeKyyecTH, Mm

Knacent Paccronnue ‘mexay Tpewusuamy lerg MM
CcTan 50 100 150 200 250
A-l 0,06 ol. [ 02 02 0,3
A-11 0,1 0.2 0.3 0.4 0.5
A-111 0,1 0.2 04 | 05 0,6
A-1V 0.2 0.3 04 06 0.7
A-V 0.2 0.3 05 0,7 08
A-Vi 0,2 0,4 0.6 0.9 1l
B-I] 0.2 0.4 0.6 0.9 1L
Bp-1i 0.2 0.4 0.6 0.8 1,0
K-7 0.2 04 0.6 0.8 1,0

Takum o6GpasoM, uroGbl CyAuTb O TOM, JAOCTMIVIA JH
apMaTypa npefesa TEKYUECTH, HYXXHO 3HaTh HE TOJIBKO pac-
KpbITHE TPEIIUH, HO W paccTosHue Mexnay Humu. Ciaepyer
o6paTUTh BHUMaHue Ha TO, UTO MNpPU MalkbiX PacCTOAHMAX
MEXRY TpelluHaMu TeKyuecTb B apMarype Oyner HaGaio-
RaThCA NPH PACKPBITHU TPEIUIHH 3HAYHTENBHO MEHBLIEM, YeM
npenycmoTpeno Hopmamu [35] u3 ycnoust coxpanHoctu ap-
MaTypbl OT KOPpPO3HH.
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[Tpu BbisicHeHMH Bompoca O AOCTHXKEHHU Mpelena TeKy-
yecTH B TonepeyHodl apMaType (MONepeyHbiXx CTEPXKHAX, XO-
MyTax), Y4MTbIBAf, YTO HAKJOHHBIE TPEUIMHbl OOLIYHO pac-
MosarainTcsa Moj yriom 45° K ocu 3/ieMeHTa, 3HAaueHHe pac-
KPBITHR TpelyH B Tabsuie | cilelyeT yMHOXHTL Ha Ko3¢-
¢uumnent 0,7. 3a paccrosiHHe MEXAY TpelldHaM4M B 3TOM
clyuyae clAeJyeT NpHHUMATh PACCTOSHUE N0 AEPNEeHAHKYAAPY
K OCH 3/JIeMEHTa MeXJy JByMs COCeJIHHMH TpELlHHaMH WiH
(ecqH TpewlMHA OJHA) AJIMHY MOIMEPEYHOrO CTEPMHS.

O mocTrxeHun ApeAenbHbIX AedopManuil B cxaToll 30He
feToHa CYAAT [0 MOABJAEHHI0 TPELIHMH, NapasiefbHbIX OCH
aneMeHTa (puc. 2 n 3), 1 OTCIOEHHIO B 3TOH 30HE JIEIlafIOK.

Ecau Hakionnas Tpellyaa y cBoGOAHOH ONOpPbI 3/AEMEHTA
BBIXOJHT Ha PACTAHYTYIO PaHb M PACKPbiTHe TPELIHHBI Ape-
Belcusio 0,5 MM, To 370 CBH/IETELCTBYET O TOM, YTO NMPOU30-
W0 MpojepruBaHne NPOAOILHONH apMaTypsl Ha ofnope. Eciu
OZIHOBPEMEHHO MOABHJAHCL NPOJAOJbHbIE TPELlHHBI B OeToHe
HaJ, KOHUOM HAaKJIOHHOH TPEIMHBI, TO HACTYNHJIO aBapHiiHoe
COCTOAIHHE KOHCTPYKIMH B CBf3H C €€ paspylleHHeM [0
HaKJOHHOMY cedeHHIo (puc. 4).

Tpemunel B GeToHe BAOJL MPOJOJLHOH pacTAHYTOH ap-
MaTypbli MoOryT o6pasoBaTbcs M0 CAEAYIOIMM MpHYMHAM!
— KOPpO3Ms apMaTypbl, CONPOBOXK/AAIOWAACA YBeJHUEHHEM

ee Juamerpa;

— BbINPAMJEHHE apMaTYPHBIX CTepXXHeH, NepBOHAYaJbHO

HMEOILHX H3rHO;

— [MpojepruBaHve apmaTypbl Ha cBoOOAHOH omope.

Bo Bcex Tpex cliyuasix HapyllaeTcs CLeMJIeHHe apMaTyphi
¢ 6eTOHOM, YTO yBenHuuBaeT AedOpMAaTUBHOCTb 3JIEMEHTA M
CHHIKAET ero Hecyllyto cnocobHocTs. O6 aBapufinoM cocTos-
HHH 3JIEMEHTA4 MOJMKHO TOBOPMTH B TOM CJIyuae, e€cliM IpH
3TOM pacKphiTUE HOPDMAaJbHbIX M HAKJOHHBIX TPEUlHH Hpe-

Puc. 4. Cxema paspyuienns xesne-
300eTOHHOTO 37eMeHTa NO. HAKJIOH-
HOMY CeuyeHHIO H3-3a NpojAeprusa-
HHR apMaTypH Ha ceoBOHOH onope:

B

! — npopo/ibHbie TpewlHHb B CXKa-

TOH 30He sJeMenTa; 72 — HAKJAOHHARA

TpemyHa; J — NpoAoAbHAs pacrs-

HyTasa apmarypa; 4 — nonepeuHas
apMarypa.




BLIUIA€T yKa3aHHble B Tabauue 1 H HMEKTCH MPOJOJbHbLIE
TpeluHEl ¢ 06pasopaHUeM Jelllalok B cKaTol 30He OeToHa.

ITpu Koppo3uH BHICOKOMpPOUHOH apmaTypbl B MpeiBapH-
TeJbHO HanpMeHHbIX e/ie300eTOHHBIX KOHCTPYKUHAX Mo-
fIBJIETCA ONACHOCTb BHE3AMHOTO XPYIKOro paspylieHHs KoH-
CTPYKUHH M3-3a oOpbnisa apmatypbl. [losTomy Hannuue xop-
PO3UH BEICOKOMPOUHOH apMaTtyphl ABASETCH MPHU3HAKOM apa-
PHHHOIO COCTOSIHHA KOHCTPYKIIHH.

ITponosibHble TpellMHBI BAOJB CXKATOH apMaTyphl CBH-
JeTe/IbCTBYIOT O TOM, YTO JiH6O MpoH30Ul/ia KOppo3us apma-
TypHl, JUOO ee cTepXXHH HauajH TepATb yCTOHUHBOCTb H3-3a
ypesMepHo OONBLIOrO paccTOAHHA MeXJy MNonepeyHol ap-
maTtypoil (pHc. 5). B o6oux cayuasnx NpoHCXOAUT CHHIKEHHE
Hecylled criocoOHOCTH 3/IeMEHTa He TOJMbKO 3a CYeT H3Me-
HeHHs ycHJnH, BOCIIpHHHMAaeMbIX CKAaToH apmarypo#t, Ho H
3a CueT yMeHbJlIeHus cXaTolf 3oHbi 6eToHa. Takoe cocTosiHue
ABJAETCA aBapHHHbLIM.

Hanvune Tpeuius B KOHCOMIH KOJIOHHbI OGBIYUHO ABJSETCH
NpH3HAKOM GOJbLIOH Neperpy3xHd KOHCOMH H TPO3UT obpy-
LIEeHHeM KOHCTPYKILMH, onupaloueiics Ha Hee. [Toatomy xo-
JIOHHA ¢ TpelllHHAMM B KOHCO/AX spiaserTcA aBapuitHof. O1-
KJIOHEHHE KOJIOHHBI OT BEDPTHKaJH, JOMylleHHOe B Mpolecce
MOHTa)a, He BCerla CJAYXHT MokKas3aTejeM ee HeyloBJeTBO-
puTesbHoi pabotsl. [lpu HazexHoN CBASH OTK/IOHUBLIEHCH
KOJIOHHH C MEepeKpLITHAMH H XOPOUWHM OMOHOJHYHBAHHEM
MocjaeAHHX ee Aedopmaluad B TOPH3OHTANBHOM HAaNPaB/IEHHH
BO3MOXHA TO/IbKO NpU AedopMauud BCEro TeMNepaTypHo-
ycanouHoro 6jioka, T. €. JONOJHUTENbHOE YCHIHE OT HaKJIOHA
KOJIOHHBl OyJeT pacnpelleniTbcd MeX/Jy BCEMM KOJIOHHAMH
TEMNEepaTypHo-ycagouHoro 6aoxka [6, 7, 12, 14].

Ecnn e oTk/IOHEeHHe KOJOHHEI OT BEPTHKAJIH NPOH3OLLIO
B Mpouecce 3KCHJyaTalliM 3JaHMst H CONDOBOXKAAeTCs He-
pasHOMepHo# ocaakoll GyHAAMEHTOB, TO 3TO
MOXEeT CBUAETENbCTBOBATb O MPHOAHIKEHHH
apapuy 3laHuf M TpebyeT HeMelJieHHOH
OLEHKH COCTOSHMA BCEX HPHMBLIKAIOILHX K

Puc. 5. Cxema paspyilleHHS B C2kaToH 30He GeToHa
NpH NOTepe YCTOHYHBOCTH CTEPXKHAMH CXATOH ap-
MaTyphl

I — npoponbHas cxkaras apMmarypa; 2-— nonepeuy-
HaA apmarypa.




OTKJIOHEHHOH KOJIOHHe KOHcTpyKuu#. HapyuieHue uenocTHoc-
TH CTBIKOB COMPSXKEHHbIX 3JEMEHTOB SfBJAsETCH MPU3HAKOM
aBapUHHOTO COCTOAHUS OTKJAOHMBUIEHCSH KOHCTPYKLUHH H 3Je-
MEHTOB, ONHPAIOUIMXCA Ha Hee.

B npouecce sxkcnsyaTtansu 31aHud win COOPYMEHHSA XKe-
Jie300€TOHHBIE KOHCTPYKLUHH MOTYT MOAYYMTh PasJiHuHble IMO-
BpexaeHus. Yawe scero nospexxjeHusi GbIBAIOT MeXaHHUec-
KOT0o WJH (PH3UKO-XMMHUECKOTo XapakTepa.

B pesyibTare MexaHHUECKHX yJAapoB MO ITOBEPXHOCTH
KOHCTPYKUKH MOTYT MPOU3OATH MecTHble MOBpexkaeHus Oe-
ToHa ¥ apMaTypbl. Cxosibl GeToHa Hanbosiee ONMacHbl B CKATOH
soHe asiemenTa. [Ipu yrape BO3MOXHbL MOBPEXAEHHA apMma-
TYPbl B BUAE ee AedopMauuy HJAH yMEHbIUEHHSA pasmepos
MOMepeyHoro ceueHus.

Ecau npu yaape oGpasoBaJjoch ucxpusneﬁue apMartyp-
HOTO CTEPIKHSA C OTCJAOEHHEM 3aLIMTHOTO CJIOS, TO POHCXOANT
CHH>KEeHHe MPeJle/ibHOTO YCHIIHSA, KOTOPOe MOXeT BOCIPHHATD
JedopMaTUBHBIH CTEPXEeHb.

B pacrtaHyTOM CcTep)He MpefesibHOe yCHJIHe MOJXKHO Bbl-
yucauthb [6, 17, 19, 20} mo dopmyne

Ns“ =,8’R Tf.r2 (4)

rie O, — OTHOCHTEJNbHOE 3HaueHue MPeeSbHOT0 YCHJAMA B
CTEPXHE C YHYETOM HaJMYHS UCKPHUBIEHUR, KOTOPOE MOMHO
ONpeJieNUTh N0 rpaduKy -Ha puc. 6 B 3aBUCUMOCTH OT OTHOCH-

A
0,6 \ -I
AN
wo,:z \\

LT

04 08 1,2 18 20 24
yd ——

Puc. 6. 3aBHCHMOCTb OTHOCHTENbLHOrO ycHaus 8, = 4N/Rnd* B crepxue
OT OTHOCHTeJBHOrO SKCLEHTPHcHTera eg/d.
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TEJIbHOrO 3HaUEHHs CTPEJIKM UCKPHBJeHUs ey/d; r — pajauyc
niorepedyHoro ceyeHusi HCKPHBJAEHHOTO CTEPIXKHS.

B cxxatom crepiHe mpH NoTepe ero CBfA3M C GETOHOM
npefenbLHOe YCHIHE MOXKHO BLIYMCJMTL KaK B CTaJbHOM BHe-
LIEHTPEHHO CXKATOM 3JIeMeHTe .lio ¢dopMmyJie

Nu =R, ‘ (8)

roe ¢, — ko3doduinent, onpeaensemolil no tabauue 74 [37]
B 33@BMCHMOCTH OT NPHBEREHHOTO OTHOCHTEJBHOIO 3KCLEHT-
PHCHTETa M, M YCIOBHOH THOKOCTH A.

3Hayenue M, BBHIYHCASETCH N0 (GopMyJie

mef = nm, ' (6)

roe 1 — Koapoduuuent ¢GOpMEl ceueHus, KOTOPbIH MOXKHO
NPHHATL PaBHBIM ]; 7 — OTHOCHTENbHBIH 3KCLIEHTPHCHUTET,
onpepeasembltt no ¢opmy.e

m = 4de,/r. ’ (7)
Ycnosuasi rubxocTs A BblYMCAsiETCH 0 QopMmyse
A =2sVR./E, /T, (8)
[Re § —- War ronepeyHod apmarypbl
1,0
0,8
\
0,6
=) \\
0.4 \\ :
N
0,2
0 0,1 0,2 03 04 05
hqld

Puc. 7. 3aBHCHMOCTL CTeNeHH CHHXKEHHA MPOYHOCTH apMaTYPHOro
cTepHs 02 OT OTHOCHTENbHOH rAyGMHBL noBpexaeHus Aid.
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Ecau npu ynape o6pa3oBanoch MOBpeXAeHHE apMaTyp-
HOTO CTepJ)KH#A, MpHBeJllee K CHMXEHHI pasMepa ero
MoNepevHoro ceueHus 6e3 NoTepu CBA3K apMaTypPhl ¢ GETOHOM,
TO Mpele/ibHoe 3HAaUeHHE B MOBPEXKIEHHOM PAacTAHYTOM HJAH
CATOM CTePKHE MOXHO BBbIYMCAHTL MO (opmysie

Nsu = 82'YsRsnr2v (9)

rae O, ~— KO3 ULMEHT, XapaKTepH3yOIWHH cTeneHb CHHXe-
HHSl TPOYHOCTH MOBPEMAEHHOIO0 apMaTypHOIO CTEep KHA, 3Ha-
YeHHEe KOTOPOIO MOXKHO ONMpeleHThb N0 rpaduky Ha puc. 7,
B 3aBHCHMOCTH OT OTHOCHTE/bHOH r/yOHHBI MOBPEXJAEHHA
cTepXHs A/d; Y, — Ko3hHLUMEHT, YIHTHIBAIOUIKA KOHUEHT-
PauHI0 HANPSOKEHHA y MecTa MOBPEXJAEHHA CTEPXKHA

Y. =1—02hk/r. (10)

Ecan apMaTypHBIfl cTepieHb NpU yAape MOAYYWa OAHO-
BPEMEHHO W HCKPHBJIeHHe C HoTepeH cBA3H ¢ OETOHOM, H
JAe(eKT B BHAE YMeHbLUIEHHA pasMepa MONepevyHOro CedeHus
B MJIOCKOCTH, MEPAeHAMKYJSpHOH nmaockocTH u3ruba, To B
pacTAHYTOM CTepiKHe Npe/le/IbHOe YCHIMe MOXKHO ONpeAenuThb
U3 BbipaXKeHHS

Nsu' = SISZYsRsnrQ‘ ( 11 )

B cxkaToM cTepyKHE B 3TOM C/yUYae NPOUCXO/UT CHUKEHHUE
ycuaua N, B 3aBUCHMOCTH OT CTPEJNKH MCKDHBJIEHMS W TAY-
G6uHbl MOBpEXAEHUS cTepHA. OpPHEHTUPOBOUYHO 3HalleHue
N, mas cxaToro CTep»HS MOMHO TOAYYHTh U3 BBIPaXKEHUS

Nsu = SQ'Ys(peRsnrz- ( 12)

. BbluncauB Hecyiylo. crnocoGHOCTh 3JAEMEHTA € YYETOM
MpejefibHOr0 PacyeTHOro YCWIMA B MOBPEXJAEHHOM apma-
TYPHOM CTEpIKHE, CPaBHMBE €e C PacCUeTHbIM yCHJiMeM B 3Je-
MEHTEe W yUTA HajJHuHe W XapakxTep TpellluH B OeToHe, MpH-
HHUMAaKOT pelleHHe O BO3MOXKHOCTH NMPH3HAHHMA KOHCTPYKLHH
aBapHiHOMH.

OxcmepumeHThl, nposefenHsle B BUTY O. B. Kepxen-
LeBbIM, MOKa3aJjii, 4YTO MpH Ha/JMYHUH OJHOCTOPOHHEro Mo-
BPEXJACHHA DAcTAHYTOH apMaTypbl paspylueHue xenesobe-
TOHHBIX 3JEMEHTOB MPOHCXOAHT C Pa3pblBOM MOBPEXAEHHOMH
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apMaTtypul IPH OTHOCHTENLHO HeOoblIuX AedopMaLiuax sJie-
menTos. OTclofa ciellyeT BbIBOA: OLHOCTOPOHHHUE MOBpEeX/e-
HUS PACTAHYTOR apMaTypbl CBHALTEALCTBYIOT 06 aBapHﬁHOM
COCTOSHHM Kene300eTOHHON KOHCTPYKUKH.

Tlpu BosjeficTBMM arpeccHBHOM Cpefbl nponcxouwr u3-
MEHEeHHe MPOYHOCTH GeToHa, MECTHOE €ro pa3pyLIeHHe, Kop-
PO3HA apMaTyphl

Eciu npH moBpexAeHHH Keae300eTOHHBIX KOHCTP YKL UM
NOABJAATCA PAacCMOTPEHHBIE BhIlUe NPH3HAKH, CBHAETENBCT-
Byoliue o GosnbmION uX mneperpyske (TpellUHB], OTCAOEHHE
JeMIaA0K B CKATOH 30HE 3/ieMEHTOB H Ap.), TO MOBPEXKAEHHBIE
KOHCTPYKUMH C/€/yeT CUHTATh aBapHiHBIMH.

B nexoTopolt TexHHUecKol JinTepaType pejaraerca oT-
HOCHTeJIbHBIF Mpork6 oGLIUHbIX H3rubaeMbiX Xe/ie306e TOHHBIX
3JEMEHTOB, npesumamumﬁ 1/150 nponera, cuuTaTh HpH-
3HaXOM aBapUHHON0 COCTOAHHA KOHCTPYKLIMM.

B APYTHX HCTOYHKKAX, HalpuMep, B Pexomenpauusx [29],
aBapHiHOe COCTOSHHE KOHCTPYKLUHHM [pepsiaraeTcs CUMTAThb
IpH OTHOCHUTEJILHOM nporuGe, Gosbliem wau pasHoM 1/50.
" Opgnako cam no cebe GosblloH nporu6 xene3o6eTOHHBIX
SJEMEHTOB CBUNETE/bCTBYET AHUWDb O WX MaJsio usrnﬁﬂoﬁ
JKECTKOCTH.

O 6au30cTH K aBapHIHOMY COCTOSHHIO H3rHGAEMBIX Ke-
J1e300eTOHHLIX 3JiEMEHTOB MOMHO CYAMTb MO 3HaUEHHAM 0T-
HOCHTEJIbHOTO Mporu6a, COOTBETCTBYIOLLUM AOCTHMXKEHHIO Mpe-
ReJbHOrO COCTOAHMA MO NMPOYHOCTH, KOTOPHIH ONMpefessiercs
no ¢opmye

[/t =3M,1*/B, : (13)

rae 0 — K03 pHULUKUEHT, 3aBUCALUMIT OT pacueTHOH cxeMbl U3-
ru6aemoro ajemeHTa, M, — npepeabHbll n3rubarownit mo-
MEHT, KOTOPbIH MOXET BOCIPUHATE HOPMaJibHOE CEUeHUE JJie-
MEHTa MPH JOCTHXKEHUM MpPefesbHOro COCTORHUA MepBoit
rpynme; B — naruGHas MeCTKOCTb 3JEMEHTa.

Ilnst MpSMOYTONBLHOTO CEeUeHUs ¢ ORMHApHOH apMaTypoi

M, = R.bh2n (1 - 0,5pR, /Ry, (14)
TRE ﬁ— Koacpcpuuu-em; apMHpOBaHuA

n=AJ/bh, (5
20



[Tpy KpaTKOBpeMEHHOM Harpy»keHu# 3Hauexne B MoxHO
BBIYHCAUTE IO CbOpMyJIe :

B=085Eubk (1 —uR, /Ry) (1 -0,5uR, /R,), (16)

a MPH JUTMTEIbHOM BO3/EHCTBHH HATPY3KH H OTHOCHTEJbHOR
BJIaXKHOCTH Bo3ayxa W >40%

B=1,7Eubh3[1 - uR, /(0,9R)] x

x [t —0;5uR; /(0,9R,)} (17)
Tlocne noacranoski (14) u (16) B ypaBuenue (13) nomyuaem
[/1=08R/[0.85E, (1 - PR, /Ry) hal, (18)

a mocse moactaHoBkid (14) u (17) B ypaBHEHHé (13) umeem

[/1=8Rl/{L,TE [1 - uR; /(0.9R,)] Ao}, (19)

Tak Kax nporu6 M3ruGaeMbIX 3JEMEHTOB OTCUHTHIBAETCH
OT MpAMOJMHeHHOH OCH 3/JieMeHTa, TO B IpedBapHUTeJbHO
HaTpsXKeHHbIX 6asiKax M3 3HaueHMdsA OTHOCHTEIBHOrO poruba,
MOACYUTAHHOrO 1o dopmyae (18), caenyeT BbIYECTb OTHOCH-
TeJNbHbI BLITHO 0T KpPaTKOBPEMEHHOro HeHcTBHR YCHJMA
npeaBapuTeNbHOro 06xatua P, nofcuutaHHbid 0 dopMyJe

i/l Peopl/ SEbJred) . (20)

a ¥3 3HaYeHHs OTHOCHTEJIbHOrO nporyuba, MOACUUTAHHOTO I10
dopmyste (19), BoiuecTsb ele ¥ AONOJHUTENbHBIH OTHOCHTEb-
Hbilt BBITMO 0T ycanakd W noJsyvectd GeToHa, onpejesseMbli
U3 BbipaX{eHus

f2/ 1=(e,— ") / 8hy, (21)

TAE € U €, — OTHOCHTEJbHBIE JedopMalyu GeToHa OT ycaaKu
H IOJI3Y4eCTH Ha yPOBHE COOTBETCTBEHHO pPacTAHYTOH apMaTyphl
¥ Haubosee CKAToH rpaHd CeueHus, BHUHCIEMbIE 110 Hop-
mMam [35]

Eciu oTHOCHTebHBIH MpOru6 3/1eMeHTa [peBbilllaeT 3Ha-
UeHHs, BblukcaeHHble 0 dopmysam (18) 1 (19), Ho TpellMHbl
B DAacTAHYTOH 30HE pacKphIThI'He 0oJjiee, ueM IPUBEIEHHbIe
B Tab/ule |, 4 OTCYTCTBYIOT NPH3HAKH pa3pylUeHds cxaToH
30HBI, TO CJHENyeT CUHTAaTb COCTOSTHHE KOHCTPYKLHMM Tpepa-
BapHHHBIM.

Tlpu packpbiTuy TpemuH B pacTAHyTOH 30He GoJblie
TpuBeAEHHBIX B Tabauue | ¥ Haauuuy NPU3HAKOB Hauasaa
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pa3pyllieHusl cXKaToH 30Hbl GETOHA COCTOSIHHE KOHCTPYKHHH
cleflyetT cUMTaTh aBapHHHBIM.

Ha puc. 8 nmpepncrabiiesa 3aBUCUMOCTb OTHOCHTEIBHOIO
nporu6a [/l ene306eTOHHBIX H3THGAEMBbIX 3JEMEHTOB OT
OTHOLLEHHs1 TpoJiera [ K pabouell BbicoTe ceueHus Hy npu
JOCTHXXEHHH B HODMAJIbHBIX CeYeHHsAX NepBOH IPYMMbl Mpe-
JleIbHBIX COCTOSIHHH 1Js1 6aJIoK NMPSAMOYTOJIBHOTO CeUeHHsT U3
GetoHa Ksacca B20 npu apMatype u3 craau Kiacca A-I1l
M u=0015. '

W3 puc. 8 BUAHO, UTO JOCTHKEHHE TIPeIeTBHOTO COCTOSHUS
MepBOH TPYINNbl B HOPMAJALHOM CeUeHHH MOXKeT NMPOHCXOIHTh
NpU 3HAYEHHURX OTHOCUTEJbHBIX MPOTHGOB, 3aMETHO OTJIMYa-
owuxcs ot 1/150 kak B oMy, Tak U B [PYIyl0 CTOPOHY.
TakuM o0pazoM, I8 HCHOAB30BAHHA KPUTEPHUS OTHOCHTEJb-

1/50 ' 7

178 /

= 1/100 37/ . /

f
»n
sl
T
N

1/150¢
1/200 /
1/250 1

1/300
1/400|—
1500~ J

0. 5 10 % 20 25

L e

1/hy

Puc. 8. 3apucnMocTs oTHOCHTENEHOTO H3rnba f/1 #enesobeTonHoro uarn-
GaeMoro sjieMeNTa OT OTHOLIEHHA nponeTa | K pabouel BbiCOTe ceuenus
ho npyu xnacce 6erona B20, knacce apmarypn A-IIT u u=0,015:

| — nnst opHOMPOJAETHOH cBOGOAHO omepToil §a/fKK K KPaTKOBPEMEMHOTO
DeRCTBHA HarpyakH; 2 — TO Ke LAf AJHTEALHOTO AefiCTBHA HATPYSKH,
d — AnA KOHCOAbHOH GaAKH M KPAaTKOBPEMEHHOro AeficTBHA HATPY3KH.
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HOro mporuba Kene306eTOHHLIX KOHCTPYKUHMH MpPH yCTaHOB-
JIEHUH HX aBapHHHOTO COCTOSIHUA CJAEAYeT 1POH3BOAHTh KaX-
Abl pas pacueT 3Ha4eHHst OTHOCHTENBHOTO NMporuba ucxons
M3 KOHKpPeTHBIX YcJOBMH (npojiera H cxeMbl “3rH6GaeMoro
3JIeMeHTa, KJjaccoB GeToHa M apMaTyphbl, K03 ¢HuHeHTa ap-
MUpOBaHHS ). -

B pspe cnyuaes, xoraa HeT BUaMMBbIX NMPH3HAKOB Hepe-
TPY3KH Kesie306eTOHHBIX KOHCTPYKLHMH, OHM MOTYT HaXOQHUThb-
csi B NpenaBapHAHOM COCTOSHHM. DT0 GhIBaeT TOrAa, Koraa
He obecrneyuBaeTCsi YCTOHUMBOCThE KOHCTPYKUMH.

Crona MOXMHO OTHECTH NpPOMYCKH WM HeKauecTBEHHOe
BbINIOJIHEeHHe BepTHKaJ/bHbIX CBsizell, OTCYTCTBHE WM Helpo-
eKTHOe BhINOJHEHHe CBapKd 3aKJafHbix aeraneli. B arux
cIy4yasix Rake MpU He3HAUHUTEJLHOM YBeJHYEHHH HarpysokK
MOXKeT NPOHU30HTH 06pylleHHe KOHCTPYKIUH.

B nocnennee BpeMst yYacTH/IMChH Caydau oGpyIleHHs GaJ-
KOHOB ¥ KO03bIPBKOB. ‘

Ecnn Gankonnas IJINTA WM KO3bIpeK »ese300eToHHbIe,
TO IPU3HAKH HX aBapHAHOTO COCTORHUS CBS3aHbI ¢ AeeKTaMu
KakK pacTAHYTOM apMmaTyphel, TaK ¥ CKartoél 30Hk Gerona.

[Tpu HeypnoBJETBOPUTENBHOM COCTORHHH WJIM OTCYTCTBHM
THAPOM30JIA MY Ga/lKOHHBIX IJIMT H KO3bIDLKOB B pe3yJbTaTe
MHOPOXKpPaTHOTO BO3ReHCTBUS aTMOC(epHLIX 0CagKOB H Mepe-
HagoB TeMmnepatryphi NPOHCXOQHMT paspylleHHe BepXHeH H
HHXKHeH 30H IJIHT, YTO BbI3biBaeT KOPpPO3HI0 apMatyphl H
6eToHa. '

IIpu noBpexmeHHH KOppo3HeH apMaTypHBIX cTepiKHel
Gosee yem Ha 30% cienyer cuMTaTh COCTOSIHME ILIMT Gau-
KOHOB H KO3bIDbKOB aBapHHHbIM.

ITpy HegocTaTOUHOM NMJIOTHOCTH OETOHA, YBAAXKHEHUH ero
H3-3a NJOXOH THAPOM3OJISUMHM NJIMThI M TONIEpeMEHHOM 3a-
MOpa)KMBaHMH H OTTAHBAHHH [TPOHCXOAMT OLICTPOE paspy-
HIeHHe HHXKHell NoBepXHOoCTH NauThl. [Ipu atom ymenbiiaetes
~ pabouasi BbicoTa ceueHHMs IIMThL. Paspymenue Gosee uem
Ha 30% mno ry6uHe GetoHa MJIMTHI SBASIETCS TPU3HAKOM €e
aBapHHHOT'0 COCTOSTHMS.



5. MPU3HAKU ABAPUHMHOI'O COCTOSSHUS
KAMEHHbBIX KOHCTPYKUUH

O 6Goapluoi Meperpyske 3/eMEHTOB KaMeHHOH KJaaku
MOXKHO CYRUTb [0 HAJHYHUIO B HUX TPelUH. TPeHIMHEl MOTYT
ObITh BUAMMbIE, BHIXOASIIHE HA [MOBEPXHOCTb KJIaJNKH, U He-
BHIHMble — BHyTpeHHee paccaoeHue. OmgHako He Bce Tpe-
KBl B KJlaJKe CBHJETENbCTBYIOT O ee neperpyske. TpeiuuHbl
B KaMEeHHOH KJaJKe MOTYT NOSBJATBCA TaKKe B pe3yJikTare
HepaBHOMEpHO#H ocafkd ¢YHIAAMEHTOB M TeMIlepaTypHOro
Bo3geficTBus {9, 18, 19, 20]. _

[Ipu HepaBHOMepHOH Ocajgke (pyHAaMEHTOB ¥ TeMepa-
TY PHOM BO3ZEHCTBMH B pesyJbrare fepepaclipefe/ieHnus ycu-
JHH MeXRY 3JIeMeHTaMM KJaRKH MOXKeT MPOU3OHTH nepe-
rpy3Ka OTAeJIbHEIX 3/IeMeHTOB ¢ 06pa30BaHHeM B HHX TPellUH
CHJIOBOTO ITPOHCXOXKAEHUA. -

HactynsneHue aBapHiHOTO COCTOAHMS KaMeHHOH KJ/aAKH
B CBA3HM C ee [1eperpy3koyi COOTBETCTBYeT TpeThell CraguH
HanpsXKeHHO JaegOpMHUPOBAHHOIO COCTOSHUA KJIaaKu. Jta
CTa[Hsl XapaKrTepHusyercs OSBJEHHEM YacTO PachoOXKeHHbIX
BePTHKaJbHEIX TPEIlHH, HMeIoIyX Heboabllloe pacKphiTHe H
NPOXOAAIIMX Yepe3 BepTHKaJlbHble WBbL KAaZKH H HECKOJIbKO
paaoB Kamus (puc. 9). TpeluuHbl, BRIXOARILKE HA HAPYXKHYIO
NOBEPXHOCTb KaMEHHOT0 3JIeMeHTa, 0ObiYHO COMPOBOXKAAI0TCH
BHYTPEHHHUM pacc/OeHHEeM KJIaiKH. JTO MOXKHO YCTAHOBUTD
npd NMPOCTYKHBAHUM KaMEHHOTO 3jeMeHTa. Ecau ecThb ero
BHYTPeHHee pacc/JoeHHe, TO MPH ydape MO [MOBEPXHOCTH
KJalKi cabilies ryxo#t 3ByK. Kak roBopar cTpourtesy, Kiaj-
Ka IPH 3TOM <«OyXTHUT>.

BayTpeHHee pacciioenre KJagKH 4acTo NPUBORMT K Bhi-
MYYHBaHHUI0 HapPyXHOH BepcThl KJadKH.

Pexomennauuu [30] npeasiaraioT c4HTaTh HEQONYCTHUMbIM
OTKJIOHEHHE 0T BepPTHKaJlK 3/J1eMeHTa KaMeHHOoH Kaaaxku GoJiee
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Puc. 9. CxeMma Tpetbeit craann Hanps- 11 )
XeHHO AedopMHPOBAHHOrO COCTORHHSA 4y 1t r.i..i 1 I+
KaMeHHOH KAaiKH. I FU RIS
=7 1y
1 ¥ t
yeM Ha 1/3 BBICOTHI CeyeHns 3Je-
MmeHnTa. [IpH yueTe 3THX peKo- - ,
MeHJaudl clenyer ¥MeTk B.BH- n
AY, YTO eC/I¥ OTKJIOHEHHE OT Bep- ;
THKa/JX JoNyUieHo Npil BhINOJ- ) . QK F oW
HEHHH KJIaJKH, TO FOPU30HTA/Ib- ¥ S & 2
Has COCTABJsiollas YCHJIMSA, 2 ¥
BO3HMKAKOLIas OT 3TOTO OTKJO- . i

HeHus, OYJEeT racuThCs CBA3bIO S A |
OTKJIOHHBLUErOCsl 3JleMeHTa ¢ '
LPYTHMH YuaCTKaMd KJaOK{d H
nepekpuiTusaMH. [1pu Takom or-
KJIOHEHHH OT BepTHKAa/JHM KaMeHHOro 3/jeMeHTa cjefyeT npo-
M3BECTH €ero pacyer ¢ Y4YeToM .CBA3d C MPHMBbIKAOWMMU
3NeMEHTaM# KJ1agkd H nepekpoituamu [9, 19, 20] Ecau
pacyer nokKaxeT yH0BJeTBOPHUTEIbHOE COCTOAHHE KJIaAKH, TO
He TIOABUTCS OCHOBAHUH CUMTATh TaKoH 3/JeMeHT aBapHHHbIM.
[Tpu oTK/IOHEHHM yUaCTKOB CTeHbl Wy CTonBa oT Bep-
THKaJH C OTPbIBOM HX OT COCEAHUX JeMeHTOB CTeH, Bbl3aBaH-
HBIM ‘HépaBHOMepHoOH 0cafikoll GYyHAAMEHTOB, B ciiyuae Korfia
cTabUIM3aLMH O0CalKi He MPOM30LLJI0, NOABJseTCs 0NaCHOCTh
0OpYyLLIeHHS OTKOJIOBUIUXCS 3JEMEHTOB. KaMeHHOH Kianku. D10
clefyeT CUMTaTh aBapuiHBIM COCTOSIHHEM KJafKH.
OnacHbIM siBJISieTCA MOsABJIeHHE TPELIMH B KJAafKe Mof
KOHIIAMH 0aJjioK, NPOTOHOB, MepeMbiueK OOJbLLIHX NPOJETOB
Wiy noj omopubiMu moaywkaMu (puc. 10). Ilpu stom Bos-
HAKaeT BO3MOXKHOCTh OOpYLUeHHs 3jeMeHTa, Ondpaiollerocs
Ha kJajKy. 3T0 aBapuiHOe COCTOsiHHE 3JIeMeHTa.

[lpn HemocTaTOUHOM ONHPAHUM TVIMT TepeKpbiTHH Ha
CTeHbl MOXKET NpPOU30HTH CKOJ KJIAaAKH NMOA KOHUOM INVIMTHI,
a TaKxe NpojepruBaHue apMaTypbl IJIMTHE Ha onope. [lpn
OTCYTCTBUM BHAMMBIX NPU3HAKOB DPaspyLIEHHS] KAaAKH Ton
KOHLUOM IUIHTHl ¥ HAKJOHHBIX TPelWHH B NJHTE COCTOSHHE
MJIATHI CJIefyeT CUMTATh NMpefaBapufinbiM. B ciyuae yBesu-
UeHusi HarpyskH Ha NJIUTY oHa MoXeT oOpYLIMThCA.

TpeiwnHsl B K1ajKe, BhI3BaHHbie HepaBHOMepHOH Oca/iko
¢yHIaMeHTOB, TeMNepaTypHbIM BozfleflcTBHEM, a TaKXke OT-
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Puc. 10. Cxema pa3pylueHnst KaMEeHHOH KAAAKH NOZ ONOPHOH NOLYLUKOR:
| — 6anka; 2 — onopHas MOAYWKA; § — HAKJOHHAA TPEILHHA.

CYTCTBHE MEepeBA30K [POAONbHBX ¥ MMOMepeyYHbIX CTeH MNpi-
BOAAT K CHHUIKEHHUIO [POCTPAHCTBEHHOH XKECTKOCTH 3QaHuA.
DT0 NpepasapuiiHoe cocToAHHE 3RaHUA. B ciiyyae mossaeHus
3HAUYMTENBHBIX TOPU30HTAJBHBIX YCHAMH MOMET [pPOU30HTH
oGpylueHHe KOHCTPYKUui. [103TOMY MpOCTPAHCTBEHHYIO XKecCT-
KOCTh 3JaHMA BCerja HYXXHO BoccTanasausath [, 9, 18]

MseecTHbl cilyuyad 0OpYyLIeHdR OTANBHO CTOSAILMX KHp-
NAYHLIX CTEH, He pacCKpellJIeHHbIX MePeKPhITUAMU U CTEHaMH
MeprneHaUKYASAPHOr0 HaflpasJ/eHHs, 0T ReHCTBMUA BeTPOBOH
HaTpY3KH. DTO MOXKeT NMPOH30HTH NP HapyUIeHH i TeXHOJIOTHH
BO3BENEHMHA HOBBIX CTeH WY pa3bopKd CTaphiX.

OTnenbHo CTOAILYI0 CTEHY MOXHO CUHATaATh asapHiHOH,
ec/ii ee BbiCOTA OKasbiBaercs O0JbllIe ONpenefeHHOH [0

dbopMye
H>typg [(cwy), (22)

rae A — TOMUMHA CTeHbI; ¥; — Koa(PPUUHeHT HafeKHOCTH M0
Harpyske, pasubiii 0,9; p — NJ0THOCTE KIagK; g — ycKope-
HHE CHJIbl TAXKECTH; ¢ — a’3pOAHHaMUYeCKHHl K03 hHUMEHT,
npuxsuMaembiii mo Hopmam [39} w — ckopoctHoli Hanop,
npuxduMaembist mo Hopmam [39] v — xkoadduument Hagex-
HOCTH [10 BETPOBOH Harpy3ke.



6. MPU3HAKH ABAPUHHOI'O COCTOSIHUA
KOHCTPYKLIUH
KPYITHOTIAHEJIbHBIX 3JAHUHA

@yHOaMeHThl, MePeKPhITUS, JECTHMIB! KPYITHOMAHEAbHBIX
3aHUi UMeIoT Te Ke IPpU3HaKHd aBapUHHOIO COCTOSHHUSA, UTO
¥ aHaJIOTHUHble KOHCTPYKUMH APYTUX 34aHHH.

Creunduueckde npuaHakyd aBapHHHOro COCTOAHUA UMEIOT
CTeHOBble MaHeJd ¥ Y3/7bl COeMHEHHS CTEHOBBIX MNaHeseH
APYT C APYTOM ¥ C MJIMTAMH [epeKphITHH.

O6pyuretine KpynHonaHeJbHOro 35aHMsA MOXMET NMPOH30H-
TH B pesy/abTaTe OoJ/blLIOH HepaBHOMepHo#l ocagku (yHza-
MEHTOB, MpuBeAlleil K HapyLIeHHI0 LeJOCTHOCTH OTAJbHBIX
MaHesell M y370B UX colpsiKeHHs. TaKkyKe BO3MOXKHa aBapus
KPyOHOMaHEJNbHOTO 3JaHHs M3-3a Da3PylUeHHs OTAeAbHBIX
HeCYILHMX MaHesell MpH HEeNOCTATOUHOH MX Hecylied crnocob-
HOCTH M HM3-32 HU3KOPO KauyeCcTBa TOPH3OHTAJIbHBIX LHBOB.

- [1pu KauecTBeHHOM BBINOIHEHHH Y3JI0B CONPSXEHUS CTe-
HOBBIX MaHeJeHl APYr C APYroM ¥ C INIATaMy MepeKphiTHi
paspylieHue OfHOH CTeHOBOH MaHeJd He NOJXKHO NPHUBOAMUTH
K MporpeccupyiolieMy o6pyLIeHHi0 BCero 35aHMs WM Bcex
KOHCTPYKLMH, pacrnoJoKeHHbIX Bbllile., 370 obGecneyHBaercs
crelyaJbHON KOHCTPYKLUHEH Y3J0B COMpsiKeHUs 3/JeMeHTOB
KpyNHONaHeJbHbIX 3naHMl, foNycKaomux 6o/blIHe M1acTi-
yecKue nepopmandd. [IpOKOHTPOIHPOBATH KAYeCTBO BBIIOJ-
HEeHHS Y3J10B COeHHEHHUS] MOXKHO TOJIBKO B Mpolecce Npous-
BOACTBA CTPOUTENBHO-MOHTAMHBIX paboT MM IIPH BCKPBITHH
y3/70B BO3BefgexHoro sfgahua. OpHako B roc/eqHeM cayyae
HaHOCHUTCS 3HAUMTEJBbHbIH yep6 LeJOCTHOCTH KOHCTPYKLHMH,
MX BHellHeMy BHAY 4 Ha BpPeMsi BCKPHITHH Y3J0B ¥ HX
MoC/JeRYIOLero peMOHTa 3aTPYyRHSACTCS 3KCIJIyaTauus noMe-
utenuéi. Cienyer dMeTh B BUAy, UTO CBA3M B y3/1aX COeQMHeHUS
3JIEMEHTOB KPYMHOMAaHeAbHbIX 3AaHHH APyT ¢ APYTrOM AO/IKHBI
BRIMOJIHATECA CTPOTo Mo npoekry. Kak yMmewublieHde, TaK u
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yBeluueHHde [I0NepeyHoro ceyeHus cBszedl OyAyT MMeThb 07-
pHuaTesbHbie MocjeRcTBUs. [IpH yMeHblUeHHH MOMepevHoro
ceyeHHs CBA3W OyJIeT HeJJOCTAaTOYHAS IIPOYHOCTb COEAMHEHHS,
a Npy yBeJHYeHHU) NOMNepeyHoro ceyeHus MpoM30HAeT YMeHb-
lWeHye nJaacTHueckol nedopmauuy cBasu [8, 19, 20]

OTnesbHble HaBecHble CTEHOBLle NAHENIM MOTYT BbIMACThb
M3 CTeHbl H3-3a paspyluenus casizell. [lpenBectHyukoM atoro
IBJISETCH BBLIXOR NaHeJM 43 TJIOCKOCTH CTeHbl, II0fiBAEHHE
DXKAaBbIX MATEH B MECTaX pAaCTIOJIOMEHHUS CTaldbHbIX CBA3eH
M TpeuldH B TOPH30HTA/bHLIX KM BepTHKaJbHbIX LIBax Mo
nepuMerpy MaHesu.

Ecnu HaBecHble NaHelu MpHUKpen/eHbl K Kapkacy, To
3430pbl, Ja)ke 3HA4YUTe/bHbIE, MEXJy NMaHe b0 H KapKacoMm
He MOTYT CJAYXUTb OCHOBaHWeM JJia MpH3HaHHA [aHenu
aBapUHHOM. :

B 6osiblivHCTBe ciyuaeB HaauuKe 60JbIIOTO 3330pa Mex-
Iy HEKOTOpBbIMM CTEHOBBIMM MaHeNs MY M KOJIOHHAaMH Kapkaca
CBH/ETe/IbCTBYeT 0 HeOpeXXHOM MOHTa)Ke Kapkaca, To ecTb
0 TOM, HTO KOJIOHHbl CMOHTHPOBaHbI HE B OLHOH MJIOCKOCTH.
B aToM cayuae caegyer npoBepUTh MOJQKEHHE COMHMTENbHOH |
naHeju OTHOCHTENLHO HApDYHOH MMOBEepXHOCTH cTeHbl. Eciu
fTaHe/lb He BBIXOAWT HapyXKy OTHOCHTE/LHO BHELIHEeH CTOpPOHbLE
CTeHbl, TO €e COCTOsIHHE CJeRyeT NPU3HATh YAOBJETBOPHTE/ b~
HbIM.

BepTuKasbHble W TOPH30HTAIbHbBIE TPEILMHLL B CTEHOBbIX
MaHe/ X YBeJHUMBAIOT MX NpOHHLUAEMOCTb. [ 0pH30HTA/bHbIE
TpelLUMHbl, KpOMe TOTO, CHHIKAIOT KECTKOCTb TaHeJu M3 ee
MJIOCKOCTH.

a) 6) 1

N

.

Puc. 11. Cxema HaKAOHHBIX TPellHH B CTEHOBOH IaHENH:
a— B naHeay Ge3 npoema; 6 — B NaHen# ¢ NpoeMoM; / — TPeLHHbL.
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OnacHbIM  fBJSeTCS  Ha/ldu¥e HAKJAOHHBIX  TpPeLiuH
(puc. 11), Tak Kak BHoJk TPeulMHbl MOXKET MPOU30HTH CRABHUT
yacTell maHeay ¢ NoCAenyioliuM ux paspymeruem [32] [Mpu-
3HAKOM BO3MOXXHOTO pa3pylueHHs sBJseTCs M [0sBJeHHe
TPeWUH M OTCJOEHHBIX JellaJoK Y Top130HTaJbHbIX LIBOB
MeXJy MaHeJsiMd, UTO CBUAeTe/bCTByeT 0 OOJbIIOH HEORHO-
PORHOCTH PaCTBOPHOM MOCTENH B 3TOM LIBE

OrcioeHye W BhlMajeHde HApPYKHOTO 3alUMTHOTO CJOS
He MOeT ABJAThCS NPU3HAKOM aBapHUHHOTO COCTOSIHHA CTe-
HoBo#i nanenu. [lpu paspyllenud Hapy»KHOTO 3alllUTHOTO
CJIOf MOABJAETCH ONACHOCTh YBJ/la’KHEeHMS CTeHbl HOXAEM H
CHHUIKEHHS €€ TenJIoTeXHHUYECKHX CBOHCTB.



7. IPU3HAKH ABAPHIHOIO COCTOSAHMS
CTAJIbHbBIX KOHCTPYKUHUH

[Tpu obHapyKeHu# TaKuX Ae(eKTOB CTaJbHbIX KOHCTPYK-
UuH, KaK oOUIMH M MeCTHBIH u3ru® CTaJIbHOI0 3JeMeHTa,
MecTHOe ocsab/ieHHe ceueHusi, KOPPO3H| CTaJu, JJsf omnpe-
JEeJIEHHA COCTOAHHA CTAJbHOTO 3JIeMeHTa HYXKHO BLIIOJHHTD
pacueTbl MPOYHOCTH C YYETOM BhisiBJIeHHbIX RedeKkroB. Me-
TOAKKA 3THX pacueToB usnoxkeHa B CrnpaBounuke [31]

OnHako B psife ciayuaeB ¥ Ge3 BbINOJHEHHS NOBEPOUHBIX
pacueTOB MOXHO CHeJaTb BHIBOL O HaJH4HH aBapuiiHOro
COCTOSIHHS CTaJIbHBIX KOHCTPYKuuH. Hagu4ue Tpeuius B ceap-
HbIX LUBaX, B OKOJIOLIOBHOH 30HE, MOMEpeyHbIX TPeliHH B
pacTAHYTBIX 3JIeMeHTaX, a TaKKe TPelldH, HAYHIMX OT 3a-
KJIEMOUHbIX OTBEPCTHH, ABJIACTCH GECCHOpHbIM pu3HaKoM
aBapHiHOr0 COCTOSIHUA KOHCprKuHH

YJacro npuuuHoil aBapuit CTanbHBIX KOHCTPYKUHHA sBJIS-
eTCcsl [OTeps MeCTHOH yCTOHUHBOCTH B y3JaX CONDSKEHHS.

Ha puc. 12, a uzobpaxeHnl cxembl 06pa30BaHus MeCTHOrO
BHIMYYHBAaHHA CTeHKd CBapHOro ABYTaBpa B COMpPFXKEHHH
- CTOHKH paMmbl ¢ purejeM. B mecrax nepejioMa nosica CBapHoOro
JByTaBpa H3-3a KOHUEHTpalUkH HaNpsixeHuH B TOHKOH cTeHKe
MPOM30LIIa MECTHAR NMOTeps YCTOHUMBOCTH CTEHKH, KOTOpas
npuBesa K 0GPYyLIeHKIO paM CROPTHBHOIO cOOpyKeHus. AHa-
JOTHYHOe siBJIeHHEe MNPOM30LLIO K B CTaJbHBIX paMax CKJajl-
cKoro 3paHus (puc. 12, 6). :

Jro#l aBapuu He mpou3zouUio Obl, ecau Obl B Mecrax
‘repejioMa mosica ObLIM yCTaHOBJIeHb pebpa xecrkoctu [20].

B JleHudrpane npousousa aBapusi CTPYKTYPHOro [Mo-
KPBITHSA CHOPTHBHOIO COOPYXKEHHA H3 CTajJbHHIX TPYO U da-
coHHoro npokata [20] TIlpuuuHoit aBapuu Obl1a moreps yc-
TOHUMBOCTH GacOHKU Yy BepxXHero nosca CTPYKTYpbl M3-3a
GOJILLIOTO PACCTOSHUA MEXAY 3JeMeHTOM pelIeTKH W Bepx-
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Phc. 12. Cxema y3/10B npHMbIKAHHA 3/JEMEHTOB CTaNbHbIX KOHCTPYKUHHA,
NpHBEAWHX K aBapHAM:

a — PHTeJIf K KOJIORHB! CNOPTHBHOTO 34aHHA; & — PHIEJIA H KOJIOHHB!
CKAAACKOrO 3aHUR; 6 — PacKOCd K FOPH3OHTAALRLIM BEPXHHM 3JeMeHTaM
CTPYKTYPHOrO ROKPLITHR; [ — cocpefoTOueHHe YCHAHSA, AeAcTayollee Ha
CTeHKY 3/IEMEHTOB [BYTAaBPOBOFO ceyeHHA; 2 — npoeKTHuie pe6Gpa ecr-
KocTH; J — pebpa XecTkocTH, o6ecneynBatolHe MecTHYIO YCTORuUHBOCTL
CTeHOK 37eMenTOB; § — TpyOuaTble packochl; § — BEPXHHE FOPH3OHTAJb-
Hbi® 371eMEeHTEbI CTPYKTYPHOFO NOKPLITHA; 6 — HHXXHAA TpaHb PACOHKH no
npoekty KM; [ — Gonbuias ceoboaHas AnuHa aCOHKH.

HUM fofcoM (puc. 12,8). Tlpu MoHTaxe CTPYyKTyphl Obla
BOnylieH H3ru6 acoHKH, uTo ycyryOu/ao ee cJ0XHoe Ha-
MpAXKEHHOe COCTOAHHE,

Orcioga MOXHO caesarb BbIBOA, 4TO Jrobas MecTHas
RedopMaliua B y3J1ax COMPAMEHHUA CTaJIbHbIX 3JIEMEHTOB fB-
JAeTCA NMpPH3HAKOM aBapUHHOro COCTOAHHA KOHCTPYKLHH.

HMHuoraa npu ycrpoHcTBe BHYTPEHHHX CTEH H NIEperoponok
OHH fepeceKaloT KOHCTPYKLMHU NepeKpbiTHH W MOKpLITHH Ge3
OCTaBJIeHHA HeOOXOXHMbIX 3230pOB B MECTax HX repeceueHuit
(puc. 13).
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Puc. 13. Cxema nepeceueHHs CTPONUALHOA (depMmbi ¢ NEPEropoaKoii:

@ —- NPABHJbLHOE pelUleHHe [epeceueHNs; 6 — HENPABHABHOE pelleHHe

nepecevesus; / — nauTa nepekpuiTHs;, 2 — nosca depmn, J — nepero-

poaka; 4 — OTBepCTHA B NEperopojKe B MECTax nepeceyeHHs ee ¢ 0ACaMH

depMol, 3an0aHeHHble 3IaCTHYHBIM MaTepHaioM; § — 3a30p Mexay nepe-
rOopoAKoH ¥ [JHTOR HOKPLITHA.

Ecay creHbl unu Neperopoikd OfMpaioTcsa Ha (yHaa-
MEeHTbl, He cBA3aHHble ¢ QYHAAMEHTAMY HeCcYUIHX KOHCTPYK-
1iH, Ha KOTOpble ONMepTbl KOHCTPYKIHH NEpPEeKPbITHH W mo-
KPbITHH, TO MpPHU Pa3HOCTH OCANOK PYHAAMEHTOB MPOHCXOLHT
Jau60 3aBucaHHe cTeH (neperopoaok) Ha KOHCTPYKUHH rnepe-
KpbITHH (MOKpbITHH), JiWb0 mNoc/iejHHe ONWpPAlTCA Ha 3TH
cTeHbl M paboTaloT B HepacueTHOM. pexuMe. ITO MOXeT
NPUBECTH K 4BapUH KOHCTPYKLMH MePeKpbITHs d MOKPBITHSA.

Tax e Kak H B OTHOWEHHH »Xele300eTOHHbIX H3rHBaeMblxX
3JIeMEHTOB, HeJsib3f CYAWTb 00 aBapuHHOM COCTOSIHHH CTaJib-
HbIx 6a/0K TOJMBKO MO Kakomy-1#0o (PUKCHPOBAHHOMY 3Ha-
YeHHI0 OTHOcHTedbHoro mnporuba. Heo6xomHMo npuHHUMATb
BO BHHMaHHe TAKXe MNPOJET H BBHICOTY CeueHHs BajkH.

'I1pu 3akpenJeHHH BepxHero Tosica OT CMellleHWf B ro-
PU30HTAJIbHOH NMJIOCKOCTH MpefefibHoe YCUJHE, KOTopoe Mo-
XeT BOCMPUHATL HOpMaJbHOe cedyeHue OaJKH, BblpaXKaeTcs.
[37} dopmyunoit

 M,=RYW, (23)
rae Y, — k03¢ dHuLneHT ycaoBHOK paboThr Ganky. '
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Puc. 14. 3asucHMoctb orHocHieabHoro nporaba cranvHofi 6anki or
OTHOLUEHHA nponera [ K BLICOTe CeyeHHA A NPH LOCTHXXEHHH HOpManb-
HbIM CeYeHHeM Mpeae/bHOr0 COCTOAHHR MO NMpPOYHOCTH:

/ — 7R ogHonponeTHONR ¢BOGOAHO Oneprol 6anKH; 2 — AR KOHCOMbHOM
Banky.

3HaueHHe OTHOCHTENBLHOTO NMporufa npu 3TOM € y4eToM
dopMyabl (13) onpeaenserca no ¢opmyne

f/t = 28R Y I/(Eh). (24)

Ha puc. 14 nokasaHa 3aBUCHMOCTb OTHOCHTEJIBHOTO IIpO-
rHOa cTanbHOU OasKy NMpH AOCTHXKEHUH IpelesbHOTo COCTO-
fIHUA HOPMAJbHOTO CEeYEeHHA MO NMPOYHOCTH OT 3HAHEHHA OT-
HOWEHHA NMposieTa [ K BbICOTe ceueHU s OaIKky A NPH HCXOLHBIX
pauubix Ry, =200 MIla u £=2.10° MIla. Tak xe Kak #
LA 2XKe1e300€TOHHOTO H3rMbaeMoro 3JAEMeHTa, UMeloTc 6oJb-
IHe KoseGaHHA B 3HAYEHHUAX MpeflesIbHOTO H3 YCJIO0BHA IMpou-
HOCTH Ttporufa cranpHO# OaiKH NMpH H3MEHEHWH ee Npoaera
¥ BbICOTbl CE4YEHMA.



8 TMPU3HAKU ABAPUMHOIO COCTOSAHUY
JEPEBAHHbBIX KOHCTPYKLUHA

OfpyweHne fepeBAHHbIX KOHCTPYKUMH Yallle BCEro Ipo-
MCXOIMT 1H3-338 HU3KOTD KauecTBA CTLIKOB MX 3/1eMeHTOB. DBec-
CNOPHLIM TPH3HAKOM dBAPHUAHOIO COCTOSTHHA pAaCTHHYTHIX
CTHIKOB SIBISIETCH Hajuyue NMPOAOALHLIX TPellH y HaremeH
u reo3fielt (puc. 15). [lpu 5TOM NpPOUCXONHT BLIKIIOUEHHE H3
pafoTbl Harenell Wiu rBO3feH, pALOM C KOTOPLIMH BO3HUKIH
TpEeWUHbL. |

OnacHbIM 1151 KOHCTPYKUKM ABJAETCS CKaJblBaHWe nJo-
wanky B joGoso#i BpybOke {puc. 16). B 3TOM cayuae Bce
ycuare B NPUMbIKAIOWIEM 371eMeHTe BYAET NepefaBaThcs HA
CTSKHOH 60T, 3TO ycusue Bul30BeT W3ru6 OoaTa U cMATHe
ApeBecHHbl B 060HX COMPAMKEHHBIX JEMEHTAX.

[Ipu orcyrcrBuu crsikHoro 6GoATta B JofoBoH BpyGke
COCTOsIHWE JlepeBAHHOH KOHCTPYKUHWHU CeflyeT CUHTaTh fpel-
aBapUlHbIM, TAK KaK B cayyde cKagablBaHHA MO KakoH-nuGo
MpuurdHe NJaOWAAKH BpyOKH Npou3okfer ot’)pymeﬂue KOH-
CTPYKLIHH.

Tak e Kak 4 Jaf KOHCTPYKUMH 43 JpYrux Marepuanos
O HalpsXKEHHOM COCTOAHUU J€PEBSHHBIX NEMEHTOB MOXHO

' |
1\ | .
R P o — [] I o
l -2 8 'Eéq"‘l‘i d e a .. -i
— :.—- . —_ I ) O

. i S
Cfoepmeebecgee]
' 7 .

1 1

Puc. 15. Cxema rpeiuu y nareseii 8 pacTAHYTOM CTblKe AepeBRHHbIX
3/1eMEHTOB, CBH/ETeJbCTBYIOILHX 06 ONACHOCTH pAa3pyILEHHS CTbiKa:

/ — TpewwnHbl.
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Puc. 16. CxanbiBanHe NJoumanxke B no6osoil Bpy6ke, MOryiee nMpHBecTH
K 06pyllleHHI0 BCeH KOHCTPYKUHH:

] — nuHuUR cxona;, 2 — crsxkHON Goar.

CYMUTb 10 MX nporH6aM, OTHOCHTENbHbIE NPOTUBH JepeBsH-
HbIX 620K NPU JOCTHXKEHHU B HOPMaJbHbIX CEUEHHAX npe-
JEALHOrO COCTOAHUA MEPBOW Irpynnbl BhlpaXaloTcs ypaBHe-
HUEM

© }/1=28R. / (Eh). (25)

Ha puc. 17 npepcrasneHa 3aBUCHMOCTb OTHOCHTEJbHOID'
nporu6a usrubaemoro 1epeBAHHOrO JeMeHTa 1PH JoCTHXKe-
HUY TNpeleNbHOro COCTOAIHWA MO MNPOYHOCTH HOPMAJbLHOIO
CeyeHHsl OT OTHOLLEHWs mpoJtera [ k BbicoTe ceveHus A 1adA
ycaoBHit R, = 14 MIla u E=10-10° M[la.

Ecau oTHOCHTebHBLIH mporuf obcneayeMod KOHCTPYKLIMH
npeBblllaeT OTHOCHTEbHbIR Nporuf, NofAcYHTaHHBLIN no dop-
myJsie [25], TO KOHCTPYKLHSA WCHLITHIBAET MepeHanpsKeHUe.
B stom cayuae MOXHO FOBOPHTb 06 aBapHUHHOM COCTOSHHH
JlepeBsAHHOrO M3rH6aeMoro sJjeMeHTa.

JpeBecrHa Ha cxaTue paboTaeT ynpyro-maacTHYecKH,
a Ha pacTtaxeHue ynpyro [24] Tlepen paspyueHuem usru-
faeMoro llepeBAHHOrO 3JeMEeHTa B ero CxarToll 30He Jpese-
cuHa paforaeT nJacTHYeCKH, a B pacTAHYTOH 30He Aedop-
Maiii4 B OCHOBHOM ympyrue. PaspylueHye HopMmaJsbHOro ce-
yeHuf u3rufaemoro sjeMeHTa NPOUCXOAUT MPY PasphIBE €ro
pacTAHYTHIX BOMOKOH. [IpusHakom npubamkaoulerocs pas-
PYLRIEHUS MOXET CJAYXKHTb Hauasio NOTepH yCTOHUMBOCTH CXa-
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Puc. 17. 3aBHCHMOCTb OTHOCHTENILHOTO NMporHBa nepeBAHHOH Oanku oT
OTKJIOHEHHR MpoJjera [ K BplcoTe ceyeHHA A MPH AOCTHXKEHHH HOPMalb-
HbIM CeYeHHEeM MOpefefbHOr0 COCTOAHHA [0 NMPOYHOCTH!

] — naf oAHOMpOJeTHO! cBoGoaHo onepTofl GaskH; 2 — AnA KOHCOJbHOM
' 6anKH. o ’

ThIX BOJIOKOH, COMPOBOXKAAKMIEECH BbIy4HBAHHEM JpeBecH-
Hbl B CXKATOMH 30He (Ha cxaToll rpaHu 0BpasylTcH CKJAALKH).

Ecnu Hecywas crnocoGHOCTb [MOABEpPrILEroc THUEHUIO
JAEepeBAHHOrO 3JieMeHTa, NOACUMTAHHOTO 3a BblUeTOM Topa-
MEHHOH JpeBecHHbl, OKasaJjacbh HELOCTATOYHOHM, TO TaKoH
3JIEMEHT CJEeyeT CHYUTAThb aBapUHHbIM.



SAKJHOYEHUE

OnucaHulo aBapuil CTPOUTENbHBIX KOHCTPYKUHWH NOCBA-
uleHa obuiupHas aureparypa. [Ipu 310M rnaBHoe BHUMaHue
yaeJsieTcs NpyuurHaM aBapui u ux nocneacrsusam. [1pusnaku
aBapUHHOFO COCTOAHUA, KakK NMpaBuJIO, pacCMaTpHBAKOTCA He-
nocTaTouHo noppobuo. He u3yualoTes npusHaky aBapuitHoro
COCTOAIHUSA KOHCTPYKLUMH U B TexHUuYecKUX yueOHBIX 3aBefie-
HuaX. B cBA3W ¢ 3TUM UHIXXEeHEPHO-TeXHUUYECKHe pabOTHUKH,
JaXe BCTPeTUBLIXCL ¢ ABHHIMW NMpH3HAaKaMu aBapUHHOCTH
KOHCTPYKUMH 3m1aHuH W coopyXeHu#l, He Bcerna afekBaTHO
pearupyioT Ha HHX.

IT0 MOXeT NPUBECTH K aBapuM 3[aHUA WIH COOPYXKeHHUH,
KOTOPYIO MOXHO Oblio Obl JIerko rNMpeforBpaTuTh.

Bonpoctl npenaaapuﬁﬂoro U aBapUHHOTO0 COCTOSIHHA
CTPOMTENbHBIX KOHCTPYKLUUHA 31aHUA U COOpYXeHUH HepocTa-
TOUHO pa3paboTaHbl U TeOpeTHuecKH, U npakTuuecku. [Ipen-
CTaBJISIETCA OUeHb BaXXHbIM yraybBJeHhas npopafoTKa 3THX
BONpocoB, 0bobuleHre ¥ NyOJaUKauusa BceX U3BECTHbIX MaTe-
pUajioB MO JAHHOMY HAMpaBJEHHIO CTPOMTENbHOH HAaYKH.
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