Набор лекций по 1-й теме Основы расчета строительных конструкций и оснований по предельным состояниям
Набор рассчитан ориентировочно на 6-10 часов лекций

2.Физический смысл предельных состояний конструкций. Примеры предельных состояний первой и второй групп. Суть расчета по предельным состояниям. Структура и содержание основных расчетных формул при расчете по предельным состояниям первой и второй групп. -2 часа

[image: image1.png]IIpy npoexTHpoBaHWH, KOTOpPOE BKITIOYaeT B cebst pacyeT U KOH-
CTPYHMPOBAHME CTPOUTEIILHBIX KOHCTPYKIIMIT, HEOOXOOUMO COOIIOnaTh
tpeboBanuss CHulloB. Tpebosanus cmpoumeasvnsix nopm nanpaéae-
Hbl Ha obecneuenue Heobxodumoii nadercnocmu ¢ pabome Kax 30anus
(coopyicenusn) 6 yeaom, max u e20 omoeabHbIX I1eMeHMO6 (KoHCH-
DyKuyuii), ux coedunenuii, a maxxce ocnosanuii. I'lpy 37oM 30aHNA U
COOPYXXEHUS JOJIXKHH OTBEYaTh TPEOOBAHUAM JIOJITOBEYHOCTH U Ka-
NMUTATLHOCTH.

CyiiecTByoilMie CTPOMTENBHBIE HOPMH TTPEMITUCHIBAIOT BECTH pac-
YeT CTPOUTENIBHBIX KOHCTPYKIIMIA Ha CUIOBHIE BO3IEHCTBUA MO METO-
NV NpenOeIbHLIX COCTOSTHUI.




[image: image2.png]2.1. NMOKATHE O MPEAECNLKLI COCTORHMNARN
CTPOUTENLHBLIN KOHCTRYKLLWHA

Ilpedeavnbvimu nasviearomesn maxue cocmosnus 042 30anus, coopy-
JCCHUA, @ MAaKIice OCHOBAHUA UAU OMOeAbHbIX KOHCIMPYKUULL, npu Ko-
MOpbIX OHU NEpecmarom y006.4emeopame 3a0aHHbIM IKCNAYAMayUoH -
HblM mpeboeanusam, a maksce mpebosanusm, 3a0arHbIM npu UX 603-
eéedenuun. Jlanee Be3ne 1Mo TEKCTY B LIEJISX €ro COKpallleHus Oymet
TOBOPUTHCS TOJILKO O KOHCTPYKIIMSIX U 3IaHUAX, UMesS ITpY 3TOM B
BUAY ¥ COOPYXEHHS, © OCHOBAaHHS, U COEIMHEHUS 3JIEMEHTOB KOH-
CTPYKIIMIA.

IpenenpHBIE COCTOSTHUS KOHCTPYKIIUH (3maHnil) noapasnensioTcs
Ha JIB€ TPYTHIH:

© nepeas epynna — no nomepe Hecyueil cnocobrocmu Uil Henpuzoo-
Hocmu K 3xcnayamayuu. I'oBops TIpollie, COCTOSTHUSA, OTHOCSIIMECS K
3TOW Ipyrre, CYUTAIOTCS TIPENEIbHEIMU, €CJIM B KOHCTPYKIIMM HACTY-
MMWJIO OMAacHOE HaMPSLKEHHO-Ie(hOPMUPOBAHHOE COCTOSTHUE, B XyOILLIEM
CJy4ae, €CJIM OHa IO 3TUM NMpHYMHAM pa3pylIWIIach;




[image: image3.png]© eémopas 2pynhna — no HenpuzoOHOCINU K HOPMAALHOI Kcnayama-
yuu. HopManbHO#M Ha3bIBaeTCs TakKasl 9KCIUTyaTalMs 30aHusl WIK €TO
KOHCTPYKLIMH, KOTOpast OCYILIECTBIISICTCS] B COOTBETCTBHUM C TTPEAYCMOT-
PEHHEIMU B HOpMax WM 3aJlaHHUsIX Ha ITPOEKTUPOBAaHHE TEXHOJIOTHYEC-
KUMM WU OBLITOBLIMHM YCJIOBUSMH. JIpyTMMU cJIOBaMH, BO3MOXHBI
cJIy4au, Korga KOHCTPYKLIMS He roTepsila Hecylei crocobHOCTH,
T.€. YIOBJIETBOPSAET TPEOOBaHUAM NEPBO IPYIIIIEI NPENETBHBIX COCTO-
AHUIA, HO ee nedopMaumm (HarpuMep, Mporu6sl UM TPELMHHI) Ta-
KOBHI, YTO HapyIIaloT TEXHOJIOTMYECKUIA MpoLiecC WX HOPMAIbHEIC YC-
JIOBUST HAXOXXIEHMUS JII0Zieil B TOMEILIIEHUH.

K npedeabnbim cocrmosinuam nepeoii epyninbt OMHOCAMCA:

o ob1as noreps ycroiunsocty ¢opmsl (puc. 2.1, a, 6); .

o norepst YyCTOMYMBOCTH TToJIoXeHus (puc. 2.1, 6, 2);

o XpynKoe, BA3KOe WIX MHOTO XapaKTepa pa3pylieHue (puc. 2.1, 0);

o paspyllieHIe 10l COBMECTHBIM BO3MEHCTBUEM CUIIOBLIX (haKTOpOB
Y HeOJIaroNPHUSITHRIX BIMSIHUHA BHEIITHEHN cpenbl U Op.

K npedeavhbim cocmosnusmM 6mopoit epynibt OmHOCAMCA COCTOSTHUS,
3aTPYOHSAIOIME HOPMAJILHYIO 9KCIUTyaTallMi0 KOHCTPYKUMA (30aHMit)
WIM CHUXAIOLLME HUX JOJITOBEYHOCTH BCJIEACTBUE NOSIBIIEHUI HENOITY-
CTUMBIX NepeMelleHU (TTpornboB, 0caioK, YIJIOB TOBOPOTA), KoJe-
6aHuil U TPELIHH.

HanpumMep, nogkpaHoBas 6ajika, ocTaBasiCh TpOYHOI U HaJIEXXHOMN
B pabote, MOXeT NMPOrHyTbcs GoJbllie, YEM YCTAaHOBJIEHO HOPMaMH.
BenencTBue 3TOro MOCTOBOMY KpaHy C IpYy30M NPUXOIUTCS Kak Obl
BBLIE3XaTh U3 «IMBI», 00pa30BaBIlIeicsT BCJICACTBUE Mpornba 6aiku, 4ro
co3naeT JOIMOJHUTEIbHEIE Harpy3KH Ha €ro y3JIbl ¥ yXyIHIaeT yCIOBHs
€ro HOpMaJIbHO¥M 3KCrIITyaraluu. Jlpyroit npuMep: npu nporube nepe-
BSIHHEIX OLITYKaTypEHHHIX OBEpXHOCTeH (MoToska) Gonee yeM Ha '/54
JUTMHBI TIPOJIETa HAYMHAET OTTIafIaTh IITyKaTypka. [1poyHocTs 6Ky mpu
3TOM MOXET OBIThH He McdepriaHa, HO HapyllialoTcsl HOpMaJIbHBIE OBITO-
BBI€ YCJIOBMSI U MOXET BO3HUKHYTH ONTACHOCTH [UIS1 3TOPOBBSA U XKU3HHU
moneit. K aHaJIorMuHbIM NOCIEACTBUSIM MOXET ITPUBECTU YPEIMEPHOE
pacKpHBITHE TPELIMH, KOTOPHIE JOIMYCTAUMBI B JX€JIE300€TOHHBIX U KAMEH-
HBIX KOHCTPYKLIUSIX, HO OTPaHUYMBAIOTC HOpMaMHU.

2.2. MoHATHE O PACUYETE CTPOUTEIbLHBLIX
KOHCTPYKUKA MO NPEeAeSNibH:EIM COCTORKURM

Memood pacuema cmpoumenvHbix KOHCIPYKUUI N0 NpedeabHbIM CO-
CIOAHUAM UMeem ceoell 1eablo He 0onycmums HacmynieHus Hu 00HO-
20 U3 NPEeOeAbHbIX COCINOAHUL, KOMOpble MO2VIN 603HUKHYING 6 KOHCM -




[image: image4.png]Pyxyuu (30anuu) Npy UX 3KCIUTyaTalMK B TEYEHUE BCETO CPOKA CITYX-
O5b1, a TaKKe MIPU VX BO3BEICHNH.
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Puc. 2.1. lNpeaenvHble cocTosHus Nepsoit rpynnbi:
a), 6) noteps obLuel yCTOAYMBOCTY; B), I) NOTEPS YCTOMYMBOCTH nonoxxenus;
A) XpynKoe, Ba3Koe U/ MHOro XapaKTepa paspyLieHue

B nan6ornee o611eM BulIe cymb pacuema 1o nipenesIbHEIM COCTOSI-
HUSIM 3aKAI04AEIMNCA 8 MOM, umobbl 6eauunb! YCUANL, HANPANCEHUT,
Oechopmayuii, nepemeuienuti, packpoimus mpeuun uiu éeaununbl opy-
2ux ghaxmopoe u eo3deiicmeuii ne npeeviuaiu npedesbHvIX 3Hauenuii,
ycmanoeaennbLx HopMamu npoexmupoéanus. JIpyriMy cjioBaMH, CUMTa-
€TCS, UTO MPENEIIbHOE COCTOSTHNE HE HACTYITNT, €CJIN ACHCTBUTELHBIE




[image: image5.png]nepeyrciieHHBIe (DaKTophl He NPEBBILIAIOT 3HAYCHHEH, YCTAaHOBJICHHBIX
HopMaMH. Bcst clioXXHOCTh pacyera 3aKJII04aeTcst B TOM, YTOOEBI OIpe-
JIEJIUTH BEJIMYUHEBI HAMPSDKEHUI, edopMalivii ¥ T.1., BOSHUKAIONINX
B KOHCTPYKLMSX NMOJ IeHCcTBHEM Harpy3ok. CpaBHUTh HX C IIpenesib-
HLIMM 3HaYeHMSIMH OOBIYHO HE NPEACTABIISIET TPYa.

2.2.1. NonaTne 0 pacwere Mo NPeAeiibHbLIM COCTORHMUAM
NepBoX rpynm:l

Pacuet 110 npenebHEIM COCTOSTHUSAM NEepBOil IPYMIEI HAa3BIBalOT
pacyeToM IO Hecyleil crroco6HOCTH (10 HEMPUTOIHOCTH K 3KCIUTya-
tauuH). Ileav maxozo pacuema 3axarouaemcs @ nom, umobot npedom-
épamums Hacmynienue 106020 u3 npedeabHblx COCIMOARUE NEPEOL Zpyn-
not, T.€. 06ECIIEYNTH HECYILYIO CTIOCOOHOCTD KaK OTIEJIBHOM KOHCTPYK-
1IMH, TAK ¥ BCETO 3[aHMs B LICJIOM.

Hecyias cnocO6HOCTh KOHCTPYKIIUH CUMTaeTCsi 06ecrneYeHHOH,
€CJIM YIOBJIETBOPSIETCS HEPABEHCTBO TUIIA

N< &, @2.1)

roe N — pacyeTHBIE, T.€. Hauboasbuue 603mozicnble ycuaus (VU Ipy-
rue (aKkTopkl), MOTYILME BOSHUKHYTD B CEYeHUU JIEMEHTa (111 cXa-
THIX ¥ PaCTSIHYTHIX 3JIEMEHTOB — 3TO NPOIOJIbHAs CUJia, JUIsl u3rnba-
€MBIX — HM3rnbaonmii MOMEeHT H T.I.). OHH 3aBUCAT B NEPBYIO OYe-
penb OT HArpy3K M ONPEEINSAIOTCS MO MpaBHiaM CTPOMUTEJIbHOM
MEXaHUKU B 3aBHCUMOCTH OT KOHCTPYKTHUBHOI CXEMBI, CITOCOOOB CO-
eIWHCHUA KOHCTPYKUUHI U T.1I.;

D — HauMeNbIAn B03MOFCHAS HECYIAan cnocobHOCHIb CEYEHUS e
MEHTa, TIOIBEPraloIErocs CXaTHIO, PaCTSDKEHHIO WK u3rnéy. OHa
3aBHICUT OT IIPOYHOCTHBIX CBOIMCTB MaTepHayia KOHCTPYKUIUH, TCOMET-
puu ((OopMH H pa3sMepPOB) ceUeHHSI ¥ B HauboJiee 00IIeM BHAEC MOXET
OBITEH BBIpaXxXeHa (Kak (pyHKL¥s, 3aBUcsLIasa OT MaTepHalla U FeOMeT-
pHYECKMX (PAKTOPOB CEUEHHSI) B CIICAYIOLIEM BHIE:

P={R; 4}, (2.2)

rae R — pacuemmoe conpomueaerue mamepuasa (KOTopoe SIBJISIETCs Of-
HOM M3 OCHOBHBIX IMPOYHOCTHHIX XapaKTepUCTHK Marepuaina, 6osee
noapoOHo cM. naparpad 2.2.3);

A — 2eomempuneckuii paxmop (TJIOHIAAb NOTEPEYHOTO CEUECHHSA —
TIpH PaCTSDKEHHMM M CXaTHH, MOMEHT COTNIPOTUBJIEHUS] — TIpH M3rnbe
U T.J.).




[image: image6.png]J1J1si HEKOTOPHIX KOHCTPYKIIWII Hecylllast CIToCOOHOCTb CUMTAETCS
obecrieyeHHOM, e€CJM BBINOJIHEHO ycyioBHe (2.3), KoTopoe sIBJIsieTcs
YaCTHHIM cJiy4aeM ycioBus (2.1):

O <R, (2.3)

I7i€ 6 — HOPMAJILHBIE HAIPSDKECHUS B CEYEHUH KOHCTPYKLIMH (371eMEH-
Ta), KOTOPbIE ONpPEAEINAIOTCA, KaK MpaBUJIo, 1o (PopMyJiaM COIPOTHUB-
JieHus MarepuasioB. UHorma B cOOTBETCTBYIOLIMX pacyeTax TPUXOINUTCS
CPaBHMBATh C paCYCTHBIM CONPOTUBRIIEHUEM MaTepHalia Ipyrue Harps-
XeHUs (KacaTeIbHHIE, TJIABHHIE U IIP. ).

2.2.2. MMongrne 0 pacYeTe No NPe/CNbRbLIM
COCTORHMAM BTOPONM rPYrinb)

IJeab 3mmozo pacuema — ne donycmumo Hu 00HO20 U3 NpedeabHbIX CO-
CIOAHUL 6MOpPOl 2pyninbl, T.€. 00eCTIEYNTh HOPMATLHYIO KCIUTyaTallUio
CTPOUTENBHBIX KOHCTPYKLIWI WIM 30aHUSA B 1IE€JIOM.

CuuraeTcsi, YTO NpenieNTbHBIE COCTOSTHUS BTOPO# I'PYIIH He HacTy-
AT, eciy OyOeT ynoRIETBOPEHO yCJIOBHE

[< /o (2.4)

rae f (B oOileM cimydae) — smo onpedesennan u3 pacuema oehoprmayus
xoncmpykyuu (niepeMeleHre, yroj noBopoTa ceyeHus u T. 1.). s
U3rnbaeMeIx 3JIEMEHTOB 3TO MPOrud KOHCTPYKLIMHM UM €€ 3JIEMEHTA,
IUTSL CTEP3KHEBBIX CUCTEM — YKOPOYE€HME WIH YIJIMHEHUE CTEpXHEH,
IUTE OCHOBaHWH — BeJIMYMHA ocagky. OHM onpenensiorcs o npasy-
JlaM CTPOMTEJILHOM MEXaHUKU B 3aBUCMMOCTH OT Harpy3KH, MarepHa-
Jia ¥ paCYETHOM CXeMBI KOHCTPYKIIVH;

Jf, — npedeavnan deghopmanua xoncmpyrxyuu (rnepeMeleHNUE, Yo
IOBOPOTA CEYEHUS U T.1.). JJ1s1 6a5I0K — mipeiesTbHEII IPOTH0, KOTOPHIA
onpenessieTcst B cooTBeTCTBHU ¢ TpeboBaHusamu CHull 2.01.07-85*, wia
OCHOBaHM 3JlaHN i — npeJiesTbHast BEJIMYMHA OCaIKH, TIPUHUMAETCH 110
CHulIT 2.02.01-83*.

K npenenbHBIM COCTOSTHUSIM BTOPOi# IPYIITH OTHOCUTCS TAKKE 00-
pa30BaHUE Ype3MEPHHIX TPEIUMH. TpellMHEI, BOOOLIE roBops, JOIyc-
THUMBI, HO He JUISI BceX MatepUayioB. OHU JOIYCTUMBI B HEKOTOPEBIX XKe-
J1€e300€TOHHBIX U KAMEHHBIX KOHCTPYKIIMSAX, HO IITUPHHA UX PaCKpPHI-
THS, TaK Xe KaK U Nporuosl, orpaHuuvBaeTcs HopMamu. CTpyKTypa
(hopMyn nipu obecrniedeHUM MPENEITHLHOTO COCTOSTHUSA O PaCKPBLITHIO
TPELMH OCTAECTCST TAKOM XK€, KaK ¥ IpU obecnedyeHH nedopMalivii Wi
nporruboBs, T.e. aHaJIorHyHa yciosuio (2.4).




[image: image7.png]B 3t10ii miaBe naHsl OOLME MOAXOABI K pacyeTy 1Mo NpeacibHBIM
COCTOSIHMSIM TIEPBOI M BTOPOIi IPyMNI, ¥ B JaJIbHEHIIEM OHU oynoyt
KOHKPETU3UpPOBaHH B 3aBHCHMOCTH OT paccMaTpuBacMOM KOHCTPYK-
I{MM U MaTepHasa, U3 KOTOpOro oHa BHITIOJIHEHA.




