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BBenenue

Henunelinpie pacueThl >kel1e300€TOHHBIX KOHCTPYKIMUA OXBATHIBAIOT OOIIMPHYIO
oOnacTe. B 0o0miem ciyyae k HUM oTHOcsATCA Bee BUbI pacuera no CHull u CII, pemenue
F€OMETPUYECKU HEJNMHEWHBIX 3aJad, peuieHue (QU3NYecKd HEeIMHEHHBIX 3ajad
pa3INMYHBIMH YUCJICHHBIMH MeToaamu. B HactosimeMm [locobum paccmaTpuBaercs JNHIIb
KPYT 3a/iay, CBA3AHHBIX C PACUETOM KeJIe300€TOHHBIX KOHCTPYKIIMH METOJ0M KOHEUYHBIX
AJIEMEHTOB HA BCEX CTaausax paboThl ¢ ydeToM (PU3UYECKH HEJIMHEHMHOIo
nehopMHUPOBAHUS MaTepUAJIOB. Bomnpocsr F€OMETPUYECKOU HEJIMHENHOCTH
paccMaTpUBAaIOTCSl  OYEeHb KpPAaTKO, IIOCKOJIbKY TP  pacueTe KeJle300€TOHHBIX
KOHCTPYKIUHM TaKue 3aJa4d BCTPEUAIOTCS UCKIIOYUTENBHO peaKo. PacueTsl KOHCTpYKIUI
no naeQopMUpPOBAaHHOM cXeMe CIlenuadbHO He paccMmarpuBaroTcs. Ho, mpu 3TOM,
MPEAIOIAraeTCsl, YTO MPU BHIIOJHEHUU HETMHEUHBIX PACUETOB BCE SIBJICHUS, CBSI3AHHBIC C
MPOJOJBbHBIM HK3rHOOM, OyAyT NONYTHO YYTE€HBl PACYETHON MNpPOrpaMMOdM B XOJ€
(bu3NYECKN HEIMHENHOTO pacyera.

Jlannoe  Metoauyeckoe mocoOue  paspabarsiBaercss B paszButue  CII
63.13330.2012. «CHull 52-01-2003beronnpie u kene300€TOHHBIE KOHCTPYKIIUH.
OCHOBHBIE MOJIOKEHUS.

OcHoBHOUM 1nenpi0 maHHoro IlocoOusa sBIseTCA W3I0KEHHE OCOOEHHOCTENH U
MPUEMOB pacyeTa METOJOM KOHEYHBIX JJIEMEHTOB, KOTOPbIE MO3BOJSIOT WHKEHEPY
CMOJIETTUPOBAaTh pabOTy KOHCTPYKIIMU WM COOPYKEHHUS Ha Pa3HBIX CTaAusX padOThHI, B
TOM YHCJIE€ PU HACTYIUICHUH NPEIEIbHBIX COCTOSIHUI B OTAEIbHBIX CEUEHHSIX IJIEMEHTOB.
[Ipu sTOM, pe3yabTaThl PacUyeTOB JIOJDKHBI COBIANATh (MM OBITH JOCTATOYHO OJIM3KH) C
pesynbTatamu pacuetroB no CHull u CII B coOTBETCTBYIOIINX CITyYasix.

OcHoBHBIE MOJIOKEeHUs AaHHOro IlocoOus crpaBeIMBBI ISl 00O pacyeTHOM
nporpammbl. Ho, yuuThiBas Ooibllioe pa3HOOOpa3we pacyeTHBIX MPOTPAMMHBIX
KOMILJIEKCOB, KaXKJIbIi U3 KOTOPHIX UMEET CBOM BO3MO>KHOCTHU, aBTOPbI OPUEHTUPOBAIIUCH
Ha BO3MOXXHOCTH H ocoOeHHOCTH Tmporpammbl ANSYS, kak omHolt w3 Haubosee
COBEPIIICHHON W HamOoJiee M3BECTHOW B OOJACTH pacueTa KOHCTPYKIIMUA W3 HEIMHEWHO

paboTaroluX MaTepraioB.



ITocoOue moAroTOBIEHO KOJIGKTUBOM B cocTaBe: n.T.H. A.H. /laBumrok, 1.T.H.
N.N. Bensikos, a.1.H. C.b. Kpbuios, k.T.H. [L.J[. Apnenunos, H. c. E.E. T'onuapos, H. c.

A.C. Kppuios, nnx. H.C. Boctposa.



1 ObJs1acTh IPUMEHEHUA

Hacrosmee MeTtonuueckoe mocoOre ycTaHaBIMBaeT TPEOOBaHUS K pacdeTaM
KeJIe300€TOHHBIX KOHCTPYKITUH U UX Y3JI0B ¥ CEUCHHM U3 TSHKEIIOT0 OETOHA METOJIOM
KOHEYHBIX 3JIEMEHTOB C TOMOIIBIO PACUETHBIX MPOrPAMMHBIX KOMIUIEKCOB C YYETOM
HEJIMHEWHBIX CBOMCTB O€TOHA U CTaJIH.

IIpu pacueTax KOHCTPYKIIMM, HAXOSAIINXCSA B OCOOBIX YCIOBHUSAX AKCILTyaTalluH
(HampuMep, KOHCTPYKIIUH 3/TaHUM, TOJBEPralOIINXCs CEHCMUYECKUM BO3ACHCTBUSIM,
MHTEHCUBHBIM BO3JCHCTBUSIM TEMIIEPATYPHI, pauallii, arPECCUBHBIX CPEN), CICTYET
co0JIFOAaTh JOTIOJHUTENIbHBIC TPEOOBAHMUSI, MPETYCMOTPEHHBIE COOTBETCTBYIOIIUMH
HOPMATHUBHBIMH JIOKYMEHTaMU, B KOTOPBIX OTpa)X€Hbl 0COOCHHOCTU PabOThI ATUX

KOHCTPYKIIUH.



2 HopMaTuBHBIE CCHLIKH

B HacrosmeM cBojie MpaBHI UCITOJIB30BaHbI HOPMATUBHBIC CCBIIKH Ha CIICAYIOIINE
JIOKYMEHTBI:
CI163.13330.2012 «CHuII 52-01-2003 BeToHHBIE U KeI1€300€TOHHBIE

KOHCTPYKIIUU. OCHOBHBIE MOJOXKEHUsD» (C n3MeHeHUAMH Ne 1, No 2)



3 TepMuHbI U oNIpeIeIeHUS

B HaCTOAIIICM ITocoOun HUCIIOJIB3YIOTCA CTAHAAPTHBIC TCPMHHBI U OIPCACICHU:I,
IMPUMCHSACMBIC B CTpOPITGJ'IbHOfI MCXaHHUKEC H B Hay‘IHO-TeXHH‘IeCKOﬁ Jqareparype I10

pacucTaM KOHCTpYKHI/Iﬁ MCTOAOM KOHCYHBIX 3JICMCHTOB.



4 O0mue MoJI0KeHus

4.1 OcHOBHbBIE TPEOOBAHUS K PACYETHBIM CXeMaM

4.1.1 TlpaBunpHO pa3paboTaHHAsi pacyeTHas CXeMa SBISIETCA OCHOBOM s
MOJIYYEHHS] JIOCTOBEPHBIX PE3yJbTATOB O HAMPSKEHHO-ACPOPMHUPOBAHHOM COCTOSIHUU
KOHCTPYKIHH, 3JaHUN U COOPYKEHUM.

['eomeTpus pacdyeTHON CXEMBI JOJKHA COOTBETCTBOBATH POECKTHBIM JTAHHBIM HJIN
UCTUHHBIM T€OMETPUYECKUM MTapaMeTpaM KOHCTPYKIUH.

Harpy3ku B pacueTHOM CXeM€ JOJDKHBI COOTBETCTBOBATH JECHCTBYIOIIUM
HOPMATHBHBIM JOKYMEHTaM WJIHM ONBITHBIM JAHHBIM.

CBoiilcTBa MaTEpHAIOB, HCIOJIB3YEMBIE B  PACUECTHOM CXEM€, JOJIKHBI
COOTBETCTBOBATh HOPMATHMBHBIM JIOKYMEHTaM WJIM ONBITHBIM JaHHBIM. B pacueTHOU
CXEMe CJIelyeT yU4eCTh HEeIMHEWHBIN XapakTep paboThl MaTepuanoB KOHCTpyKuuid. Criocoo
U TOYHOCTh YyyeTa (PU3NYECKOM HEIMHEMHOCTH BBIOMpPAETCS B 3aBUCUMOCTH OT
VH)XEHEPHOU 337]a4M U BO3MOKHOCTEW UCIIOJIb3YEMOM PACYETHON IPOTPAMMEI.

VYcnoBus 3aKkperieHus 3JEMEHTOB pacyeTHOW CXEMbl JIOJDKHBI Haumbosee
MOAPOOHO OTpakaTb pabOTy UCTUHHOM KOHCTPYKIMU. [Ipu 3TOM NOJIKHBI OBITH YUTEHBI
OCOOCHHOCTH  B3aUMOJIEUCTBUS  KOHCTPYKLHH PacCUMTBIBAEMOIO  COOPYXEHHUS C

OCHOBAHHECM U C COCCAHUMH 3JaHUAMHN U COOPYKCHUAMMU.

4.2 Tunbl nNpUMeHAEMBIX KOHEYHBIX J3JeMeHTOB. I'ycrora cerkm

KOHEYHBIX 3JICMEHTOB

4.2.1 Ilpu mnpoyHOCTHBIX U JAehOPMAIMOHHBIX pacdeTax XKeJie300€TOHHBIX
KOHCTPYKITUH HCITOJIB3YIOTCS THUITBI KOHEYHBIX AJIEMEHTOB, COOTBETCTBYIONINE OCHOBHBIM
00BEKTaM CTPOUTENBHOM MeXaHWKH. K HHM OTHOCATCS: CTEPKHEBBIC JIICMECHTHI
Pa3IUYHBIX BUAOB (pa0OoTarolIve TOJBKO HA PACTHKEHHE-CKATHE W DJIEMEHTHI OOIIEeTro
BHJIa), O0OJIOYEUHBIC 3JIEMEHTHI (DJIEMEHTHI TOHKOH OOOJIOYKHM M DJIEMEHTHI TOJCTOU
000J109KH), MEMOpaHHBIE DJIEMEHThI, HUTEBUIHBIC DJIEMEHTHI, 3-MEpPHBIC JJIEMECHTHI
TBEPJBIX TEIN.

O6omnodyeunbie U OOBEMHBIE AJIEMEHTHI Pa3JCISAIOTCS MO KOJIMYECTBY Y3JI0B H

COOTBCTCTBCHHO IIO0O CBOMM OYCPTAHHAM. HpI/I paS6I/IBK€ CCTKHM KOHCYHBIX JJICMCHTOB,
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MH)KEHEp O00s53aH CIEeIuTh 3a NPaBUIBHOCTBIO (OPMBI 3JIEMEHTOB. B HEKOTOpPBIX
porpaMmax TaKOH KOHTPOJIb OCYLIECTBJISIETCS aBTOMATHYECKH. Tak HEIOMyCTHMBbI
CIWJIBHO BBITSHYTblE OOBEMHBIE M OOOJIOYEUHBIE 3JIEMEHTHI, T.K. 3TO YBEJIUYUBACT
IIOIPEIIHOCTA  pacyera. JlomycThmasi CTENEeHb BBITSHYTOCTH TAaKUX  DJIEMEHTOB
ONPENEIIAECTCS B TEXHUYECKOW TOKYMEHTALMHU JJIs1 JAHHOW PACYETHOM IIPOTrPaMMBL.

Takyke 3JIEMEHTBHI Pa3leNsaloTcsd IO BHUAY NPUMEHSAEMBIX KOHEYHO-3JIEMEHTHBIX
TexHoJIoruii. Ho 711 MHXeHepa, BBINOJHSAOIIET0 pacyeThl, 3TO BIUAET TOJBKO Ha BBIOOD
I'YCTOTBI CETKH KOHEUHBIX 2JIEMEHTOB.

He cmoTps Ha Ha3zBaHue TOro0 WM MHOIO BUJA JJIEMEHTA, JUIS KaXIOW 3axadu
HEOOXOJIMMO MPUMEHATh HauOoJee MOIXOIAIINE BUJIBI 3JeMeHTOB. I[lpu 3ToM cienyer
YUUTBIBaTh clieaymomiee. Jljii HUTEBUIAHBIX OOBEKTOB pPe3yibTaThl pacueTa ¢ MOMOUIbIO
OOBIYHBIX CTEPKHEBBIX JJIEMEHTOB W DJJIEMEHTOB THUIA HHUTH MOTYT CYIIECTBEHHO
oTauyatbes. Takke JUIsi MEMOpPaHHBIX KOHCTPYKLMHM pe3yJbTaThl pacuera C MOMOIIbIO
AJIEMEHTOB TOHKOM 000JOYKM M MEMOpPaHHBIX 3JIEMEHTOB MOTYT CYILECTBEHHO
otTimyaThes. Takke MOTYT HOTpeOOBAThHCS CIIEHMAIbHBIE JIEMEHTHI IJIs 3a/1a4, CBA3aHHBIX
c OOJBIIMMHU MPOrudaMy KOHCTPYKUMH. Takue pasznuuus CBsSI3aHbl C MPUOIMKEHHBIM
XapakTepoM MeETOJa KOHEUYHBIX JJIEMEHTOB. JlOMyCTMMOCTP WM HEOOIYCTUMOCTH
IIPUMEHEHUS TAHHOTO BUJA KOHEYHBIX 3JIEMEHTOB K JAHHOMY KJIACCY 3a7a4 OIMCHIBAECTCS

B TEXHUYECKON JOKYMEHTALIMU K JAHHOMY PaCU€THOMY IIPOTPAMMHOMY KOMILIEKCY

4.2.2 T'ycToTa CETKM KOHEUHBIX DJIEMEHTOB.

4.2.2.1 MeToq KOHEUHBIX JJIEMEHTOB SBJISCTCS MPUOIMKECHHBIM METOJIOM
pacdeta. ToUHBIE PEIICHHUS C €ro IMOMOIIBID MOTYT OBITh MOJYYEHBI JIUIIL B PEIKUX
cinydasx. TOYHOCTh MOTydaeMoro perieHUs B 3HAYUTEIILHON CTEMEHN 3aBUCUT OT TYCTOTHI
CEeTKM KOHCYHBIX 3JICMEHTOB. TE€OPETHUYECKH JOKa3aHO, YTO IPH YMEHBIICHHH Pa3MEPOB
KOHCYHBIX AJIEMCHTOB, ITOJTy4acMO€ PEIICHUE CXOAUTCS K TOUHOMY.

4222 IIpu pacueTre METOJIOM KOHEYHBIX JIEMEHTOB B KaUECTBE HEU3BECTHBIX
BEIIMYMH TMPUHUMAIOTCS YIJIOBBIE W JIMHEHHBIE TMEPEMEIICHUsI Y3JI0B KOHEYHBIX
aneMeHTOB. OHU BBIYMCIISIFOTCS TPU PEIICHUHM CUCTEMBI pa3pelaloimux ypaBHeHUH. Jliis

repexojia OT 3HAYEHUM IMEPEeMENICHUM B y3JlaX K BEJIWYMHAM IEPEMEIICHUN B TOYKaX,



PACIIOJIOKEHHBIX BHYTPHM KOHEYHOTO DJIEMEHTA, MCHOJIB3YIOTCS HHTEPIOIUPYIOLIUE
¢bynkuun. Bpicokas TOYHOCTH PE3yJIbTaTOB pacueTa MOXKET OBITh JOCTUTHYTA TOJBKO B
TOM CJy4yae, €ClId WHTEPHOJUpPYIoImKe (PYHKIUU XOPOIIO aNMMpPOKCUMHUPYIOT UCTUHHYIO
nedhopMupoBaHHYIO (HOPMY KOHEYHOTO JJIEMEHTA, a TAaK)Ke WCTHHHBIC 3HAYCHUS YTJIOB
MIOBOPOTOB B Pa3HbIX TOYKAX KOHEYHOIO 3JeMEHTa (B OOBEMHBIX 3JEMEHTAX WM B
AJIeMEHTaX Tuma OalIkU-CTeHKM OOBIYHO pPAacCMATPUBAIOTCS  TOJBKO  JIMHEHHBIE
MIEPEMELICHMUS).

4.2.2.3 HanbGonee wacto B KadecTBe HMHTEPHOJUPYIONIUX  (YHKIIMH
WCITOJIB3YIOTCSI CTETICHHBIC (DYHKIIMH HE BBIIIE BTOPOTO MOPSAKA (B 3aBUCUMOCTH OT BHJIA
nebopManii W OYEPTAaHWA KOHEYHOTO JJIEMEHTAa). TakuMu (QYHKIUSIMHA HEJb3s
MpPaBUJIBLHO aNNpPOKCUMHUPOBATh, Hampumep, (HopMy CTEp>KHS WM IUIACTUHKH, B BHJIE
HECKOJBKMX TMOJYBOJAH. TO  ecTh, HampsHKEeHHO-Ae()OPMUPOBAHHOE  COCTOSIHHE
KOHCTPYKLIMM B IIpelesiax KOHEYHOI'O 3JIEMEHTa HE JOJDKHO HU3MEHSTHCS «CIUIIKOM
OBICTPOY», MO CPaBHEHHUIO CO CKOPOCTHIO M3MEHEHHUS MHTepHoiupyromux ¢yHkiui. Ha
MpakTUKe TpedyeMass TYCTOTa CETKM KOHEYHBIX JJEMEHTOB OMNPENENeTCs TOJIBKO
OMBITHBIM IyTeM. Ecnu Tpelyercst neTanbHbIi pacdeT HampsbKeHHO-Ie(hOopMUpOBaHHOTO
COCTOSIHHUSI B OKPECTHOCTH KOHILEHTPATOpa HANPSKEHUU (COCPEAOTOUEHHOE BO3ECHCTBHE,
MaJjioe 4y>KE€pOJHOE BKJIIOYEHHUE, BBIPE3 MAJOro pajuyca, BbIPE3 C YIJIOM), HEOOXOAMMO
YpE3BbIYANHO CUIILHOE CTYIICHUE CETKH KOHEYHBIX DJIEMEHTOB B ATOM 00JIACTH.

B nepBoM npubiamKeHu MOXKHO TTOPEKOMEH10BaTh Ha3HAYaTh CTOJIBKO KOHEYHBIX
AJIEMEHTOB B JIaHHOM 0O0JIaCTH, CKOJBKO TpeOyeTcss OTPE3KOB KYCOYHO-TMHEHHOM
(GyHKIIMU U1 XOPOIIEW ammpoKCUMAIMU TPEArNojiaraéMor JIIOPhl  MePEMEICHUI

(HampsKEHUM U T.11.) B JAHHOM HampaBJICHUMU.

4.3 Moaeau MaTeprajioB U TEOPUH MMPOYHOCTH

43.1 HenuueitHocTh  kene300eToHa, Kak  Marepualia, CBsi3aHa €
HEJIMHEWHOCTSIMH ~ paboThl OeToHa M apMmarypbl, a TaKXkKe C  SBICHUEM
TPEIMIMHOOOpa30BaHUS.

4.3.2 CgoiictBa OeroHa ¢ apMmaTypbl, TMOABEPTralOIMXCA WIM paHee
MTO/IBEPraBIIMXCS TEIJIOBBIM BO3JEHCTBHUSM, LUKIWNYECKHUM CHUJIOBBIM BO3JEHCTBUSAM,

JUHaAMHU4YCCKUM BO3)161>1CTBPI$IM MOT'YT CYIICCTBCHHO OTJIMYATLCA OT CBOICTB MaTcpualioB,
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MOJIy4a€MbIX TPU CTAHJAPTHBIX MCHBITAHUAX B CTAHJAPTHBIX ycIOBHUsIX. OCOOEHHOCTH
pacdeTa KOHCTPYKIIMA TIpH TaKUX BO3ICUCTBHSIX B jgaHHOM [locoObum  He
paccmatpuBatorcsi. OHU  pacCMOTpPEHbl B COOTBETCTBYIOLIUMX HAYYHO-TEXHUYECKUX
myOIUKaIUsIX.

4.3.3 B 3aBHCMMOCTH OT J€TaJbHOCTH MOJEIUPOBAHUSA KOHCTPYKIUH U
CEUYCHHI DIIEMEHTOB, a TaKXe€ OT OCOOEHHOCTEH pacueTHOM 3a/lauu, MaTepUaibl CIeAyeT
paccMaTpuBaTh Kak paboTtaromme B 1-OCHOM, 2-OCHOM WM 3-OCHOM HAIpPSIKEHHOM
coctosiHuu. CBOMCTBa jkene300€TOHa, B 11€JI0M, KaK MaTepuana, a TakkKe CBOMCTBA CTaJId U
0eToHa BO BCEX TpeX CIydasix OyayT pa3iuyHBbI.

4.3.4 [Ipy OIHOOCHOM HANpPSKEHHOM COCTOSIHUM CBOMCTBAa O€TOHa,
YUYUTBIBAEMBIE B pacyeTax, OINPEIECSAI0TCS MOJYJIEM YOpYroctu FE, pacyeTHbIMU
CONIPOTUBJICHUSIMU TIPU pacTsbkeHUU U cxkatud (Rp, Ryt), OTHOCUTEIBLHBIMU TTPOI0IBHBIMU
nedopmanusiMu. Bce 9T CBOWCTBAa OMpeAeNAOTCS AuarpaMMoi aehopMHUpPOBAHUS
Marepuaia Mpu pacTsHKEHUU U Mpu cxkatuu. [lapameTpsl nuarpammbl AedhopMHUpPOBAHUS
MOTYT MEHSTBCS B 3aBUCUMOCTH OT pa3HbIX (¢akrtopoB. Tak, mon3ydectb OeTOHa
YUUTBIBAETCA CHM)KEHUEM MOJIYJSl YOPYrOCTH U YBEIWYEHHUEM OTHOCHUTEIIbHBIX
nedopmanumii. IlogpoOHo st Bompocsl paccmoTrpensl B CII 63.13330. Taxxke Ha
nmapaMeTpbl JauarpaMmbl  Je(OPMUPOBAHMSI MOXKET BIIUSTH TeMIlepaTypa U CKOPOCTh
MPUJIOKEHUSI HArpy3kKd. OTH BONPOCHl pacCcMaTpUBAIOTCS B  COOTBETCTBYIOLIEH
JUTEpPATYpE.

4.3.5 [Ipy MHOTOOCHBIX HAINpPSIKEHHBIX COCTOSIHUSIX IPOYHOCTh U
neopMaTUBHOCTh MaTepraja 3aBUCUT OT COOTHOILICHUS HANPSKEHUN, AEHUCTBYIOIIMX Ha
AJIEMEHTApHBIH 00BbEM, BBIJCICHHBIM M3 001Iero od0bema Marepuana. Kiaccuueckue
TEOpHUH TMPOYHOCTU JUIsi O€TOHA NMPUMEHUMBI JIMITL BecbMa npuOmmkenHo. Ux cruemyet
MPUMEHATh TOJBKO B TEX CllydasX, KOIJla pacyeTHas MporpamMma He MpeJOCTaBISIeT
Ipyrux, 0ojiee TOUHBIX, OIEHOK MPOYHOCTU. B Takux ciydasx JaHHBIE O MPOYHOCTU
CleAyeT paccMaTpUBaTh KaKk OPUEHTUPOBOYHBIE. [IpoekTHpoBaHNE KOHCTPYKIUW 110 HUM
He jomyckaercd. Jlomyckaercs B 3amac  MPOYHOCTH TMPUHUMATH MPOYHOCTHBIE
XapaKTEPUCTUKU OCTOHA KaK MPU OJTHOOCHOM HAIPSHKEHHOM COCTOSIHUU U HCIIOIh30BATh

PE3YJIbTAThl TAKUX PACUYCTOB IJIA H&HBHGﬁm@FO IMPOCKTUPOBAHMNA.
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CoBpeMEHHbIE TEOPUU MPOYHOCTH OETOHA 3aMCHIBAIOTCS C MOMOLIBIO (YHKIIHUIM
OT TPEX TJaBHBIX HANPSHKEHUH, IEHCTBYIOMMX B 00beMe MaTepuraa.
VYcnoBre NpOYHOCTH MPU 3TOM BIpaXKaeTcs CIEAYIOIIMM 00pa3oM:
F(o1, 62, 03,) =0 (1.1)
WM B BUJIE
F(IO'].,IO'Z,IO's):O)
rie lgq 150 53— COOTBETCTBEHHO MEPBBINA, BTOPOM M TPETHH WHBAPUAHTHI TEH30pa

HaIpsKCHUM:
l;1=01% 0,F 03
l,1=01 02t 07 034+ 0301
l,1=01 0203

B TpexmMepHOM IIPOCTPAaHCTBE, B KOTOPOM KOOPAMHATHBIE OCU COOTBETCTBYIOT
BEKTOpaM TIJIaBHBIX HalpspKeHWW, ypaBHeHue (1.1) 3amaeT HEKOTOPYH MOBEPXHOCTH.
ToukM 3TOW MOBEPXHOCTU XAPAKTEPU3YIOT NPEAEIBHOE COCTOSHHE MaTrepuana. Todukw,
pacrnojoXeHHble BHYTPH 00bEMa, OrPAaHUYEHHOI'O IIOBEPXHOCTHIO (C BOTHYTOM €€
CTOPOHBI; CO CTOPOHBI JIMHWUW, PaBHO HAKJIOHHOW K KOOPJHMHATHBIM OCSIM; IOCKOJIBKY
TaKU€ IOBEPXHOCTU OOBIYHO OBIBAIOT HE 3aMKHYTBIMH, TO TMOHATHE «BHYTpU» U
«CHApPYXM» HECKOJIbKO YCJIOBHBI M HECTPOrH), XapakTepU3yIOT COCTOSHUE, KOIJa
MaTepUall SIBJISETCS NPOYHBIM. TOYKH, pACIIOJIOKEHHBIE CHAPYKU OT 3TOW MOBEPXHOCTH,
XapaKTEepU3yT COCTOSIHUE, KOTJa MaTeprall sABJIAETCS HE IIPOYHBIM.

B Hay4HO-TEXHHYECKOU JUTEpaType MPEACTABICHO MHOXKECTBO TaKUX (PYHKITUH.
Cpenu oTedeCTBEHHBIX pa3paboTOk Haubosiee u3BecTHa Teopus nmpounoctu ['.A. 'enueBa
u teopus npounocty H.U. Kapnienko.

B 3apyOexHbIX Hay4HO-TEXHUYECKMX NyOIMKalMsIX, B T.4. U B CIPABOYHBIX
MaTepuagax K pacueTHbIM IPOrPaMMHBIM KOMIUIEKCAM, BCE TEOPUM MPOYHOCTU, MOAEIHU
NPOYHOCTH, CBsS3aHHBIE C  Napabolo00pa3HBIMU  MOBEPXHOCTSIMH  MPOYHOCTH,
MIOCTPOEHHBIMU B MPOCTPAHCTBE TJIABHBIX HANPSLKEHUM, HA3bIBAIOT TEOPUSAMU (MOCIISIMH )
Hpykepa—IIparepa B pa3auvHbIX MOIUDUKAIUSIX.

4.3.6 @opMBI MOBEPXHOCTEN IMTPOYHOCTH U UX MMAPAMETPHI.

[IpenenbHas moBepxHOCTb, cornacHo M. Jpykepy u P. Xusny, noikHa ObITh HEBOTHYTOM,

T. €. IPOU3BCACHHC CC I''TaBHBIX KPUBHU3H JOJIZKHO OBITH HE MEHBIIIC HYJIA.
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[Io cBoMM oOuepTaHUsAM IOBEPXHOCTH IPOYHOCTH B IIPOCTPAHCTBE IUIABHBIX
HANpsDKEHUH MOTYT OBITh IWIMHApUYECKHE (TTaAKHe M C TpaHsAIMHU), MOTYT OBITh
KOHMYeCKHe (THaJKue W C TpaHAMH), MOTYT ObIThb mapaOosionJamMu BpalleHUs U
OpUOMIDKAIOMIMMUCS K HHUM 10 OYEepTaHUSIM, MOTYT OBbITh TOBEPXHOCTH THUIA
napaboJouI0B, HO HEMHOIO CIUIIOCHYTbIE B IIONEPEYHOM CEUYEHHH IO TPEM
HanpaBieHUs M. OOBIYHO dJEMEHTApHBIH 00beM O€TOHa paccMaTpUBAETCS KAk
U30TPONHBIA. B 3TOM ciydyae mpojoipHasi OCh MOBEPXHOCTH MPOYHOCTU OyIeT paBHO
HAaKJIOHEHAa KO BCEM TpPEM KOOpPAMHATHBIM oOcsM. IIpomosnbHas OCh ITOBEPXHOCTH
IIPOYHOCTH  HA3bIBAETCS TMAPOCTATUYECKOM OChIO (IO aHaJOrMh C  3aJa4aMu
TUAPOCTATUKU, KOrJa Ha TOYKY JEWCTBYET OJMHAKOBOE JABJICHHE IO TPEM OCSIM) U
COOTBETCTBYET HIAPOBOMY TEH30pPY HaIPSLKCHHIA.

BekTopbl, HampaBleHHbIE MEPHEHAUKYISIPHO THAPOCTATUYECKOM OCH K TOUYKaM
IIOBEPXHOCTH, COOTBETCTBYIOT JE€BHATOpaM HanpsbkeHWil. Ha3BaHue cBsA3aHO € TeM, 4TO
3TH BEKTOPBI XAPAKTEPU3YIOT OTKJIOHEHHE HAIPSHKEHHOTO COCTOSIHUS OT PaBHOMEPHOIO
TPEXOCHOI'O (OT THAPOCTATUYECKOIO JABJICHNUSA).

B cityqae n30TponHOro marepuaina rnonepevyHoe CeYeHue MOBEPXHOCTH IPOYHOCTH
IJIOCKOCTBIO, OPTOTOHAJIBHON THAPOCTATHYECKOM OCH (JI€BHATOpHAs KpHBAasi), MOXET
MPEACTABIATh W3 ce0s NpaBUIbHBIA MHOTOIPAHHHUK, OKPY)XHOCTh WJIM MPAaBUIBHYIO
¢burypy, noayyarouryrocs npeoOpa3oBaHUEM OKPYKHOCTH IYTEM «CIaBIUBAaHUSN» €€ IO
TPEM OCSIM, PacHoJIOKEHHbIM mojJ yriaom 120° apyr k npyry. Takxe Moryt ObITh
JIeBUATOPHBIE KPUBBIE B BUJIE JIETIECTKOBBIX (UTYD.

[Munuuapuyeckre MOBEPXHOCTM  NPOYHOCTH  (TJIAJKHME W C  TpaHsIMH)
COOTBETCTBYIOT MaTepHallaM C OAMHAKOBBIMU MPOYHOCTSIMU MPHU PACTSHKEHUH U CHKATHH.
W nosToMy OHM HE IPUTOJHBI K pacueTy OeToHa.

Touka mnepeceyeHUss TMOBEPXHOCTU MPOYHOCTH C KOOPJAWHATHBIMH OCSIMU
COOTBETCTBYET 3HAYECHMSIM NPOYHOCTH Marepuajga IpH OJHOOCHOM PACTSHDKEHHM WIIN
CKaTHH.

4.3.7 [IoBEpXHOCTh MPOYHOCTH B BHUJAE HUPAMHUIbl COOTBETCTBYET TEOPUHU
npouHoctu Kynona—Mopa.

[ToBepXHOCTh MNPOYHOCTH B BHUAE TPAHEHOrO0 ULWJIMHApPA COOTBETCTBYET 3-U
KJIACCUYECKON TEOPUHU MPOYHOCTH (TEOPUH HAMOOMBIINX KACATENbHBIX HAMPSKEHUN)
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[IoBEpXHOCTh MPOYHOCTH B BUAE TJIAJIKOTO LUJIMHIPA COOTBETCTBYET 4-ii TEOpUU
IIPOYHOCTH (IHEPTETUYECKOM ).

Krnaccuueckast teopust mpounoctu [pykepa—Ilparepa Obuna paspaborana mis
IpyHTOB. B MpoCTpaHCTBE TIJIaBHBIX HANpPSIKEHUHM OHA HM300pa)XaeTcsi KOHYCOM, HE
3aMKHYTBIM (HE OTPAaHUYECHHBIM) CO CTOPOHBI OCHOBaHMs. BepilinHa KoHyca pacnojioxkeHa
B 00JIaCTM TpeX pacTATUBAIOLIUX TJIaBHBIX HarpsbkeHud. J[ns OeToHa Kiaccuyeckoe
ycinoBue npoyHoctH [[pykepa—lIparepa mioxo corjmacyercsi ¢ ONBITHBIMU JaHHbIMU. B
YaCTHOCTH, IMPU PABHOMEPHOM TPEXOCHOM pACTSHKEHUM MPOYHOCTh Marepualia
3aBbllaerca. [lpu HepaBHOMEPHOM TPEXOCHOM C)KaTUM TaKkKe HMMEIOTCA O00JacTd, TIe
IIPOYHOCTh MaTEpHAJIa 3aBBIILIACTCS.

[ToBepxHOCTh MpoyHOCTU ['eHMEBa MPUOINKAETCS IO OUEPTAHUSIM K apaboouay
B MEpUIUATbHOM HANpaBlieHUU. [leBUaTOpHbIE KPUBbBIE TPEACTABIIAIOT BBIMYKIYIO QUTYpPY
TUMA KPUBOJIMHEHHOIO TPEYrOJbHUKA (C 3aKPYTJICHHBIMH YIJIAMU U KPUBOJIMHEHHBIMU
CTOPOHAMM).

[loBepxHOCTh mNpoYHOCTH KapreHko HAllOMHUHAET NHOBEPXHOCTH |'€HHMEBa, HO
J€BUATOPHBIE KPHUBBIE B PAa3HbIX CEUEHUSX HE NOJOOHBI Jpyr Jpyry M YIJIbl
KPUBOJUHENHBIX TPEYTOJIbHUKOB MOTYT MEHSTBHCS OT OCTPBIX IO 3aKPYIVICHHBIX U JAXKe
oOpamarbCcsi BHyTpb (PUTYPBHI.

MonudurupoBanabie moBepxHocT npoyHoctu Ipykepa—Ilparepa, nmpumensembie
B 3apyOeKHBIX PAacUETHBIX KOMIUIEKCAX MPEJCTaBIAIOT cOo00i mapadosionpl BpalEHUs
WM NPUOJIMKAIOUINECS] K HUM IO ouepTaHuto pyrue ¢purypsl. [loBepxHOCTH MOTYT OBITH
3AMKHYTBIMH CO CTOPOHBI PaBHOMEPHOIO TPEXOCHOro cxartus. Tem cambIM
MPEANOIaraeTcs, YTo MaTeprall NP HEKOTOPOW BEJIMUYMHE PABHOMEPHOTO CXKATHUS TEpSET
CBOIO CTPYKTYPHYIO LIEIOCTHOCTD.

4.3.8 [Ipy BBINMOJHEHUU pACUETOB MNPOYHOCTU OETOHA, CTPOro TOBOPA,
IIPUTOJHBIM SBJISIFOTCS TOBEPXHOCTH Npo4yHOCTH ['eHneBa, KapneHko u HEKOTOpbIE BUJIBI
MoauduimpoBaHHbIX MoBepxHOocTel [[pykepa—IIparepa. Ho pakTtuyecku naxeHep MOKET
MCIIOJIb30BaTh JIMIIb T€ TEOPUH NPOYHOCTH, KOTOPbIC 3aJI0KEHBI B MCIOJIb3yEeMOM
pPacyeTHOM KOMILIEKCE.

4.3.9 OKBHUBAJICHTHBIE HAIIPSKCHHUS.
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[lon »KBUBAJCHTHBIMH HANPSHKCHUSAMH TOHUMAETCSl HEKoTopas (QyHKIUS
OOBIYHBIX HAMpPsHKEHWH (Yalie OT TJIaBHBIX HAMPSIKEHUI), KOTOpas BBIPAKAET YCIOBHUE
NPOYHOCTH IO OJHOW W3 TEOPHA MPOYHOCTH M 3HAYCHHE KOTOPOH CPaBHUBAIOT C
pacyeTHBIM COTPOTUBJIICHUEM JAaHHOTO MarTepuaja, IOJIYyYEeHHBIM TPH OJHOOCHOM
HaIPSHKEHHOM COCTOSTHUU. T.e. TIpH 3TOM JIJISl OIIEHKU TPOYHOCTH BBITIOJTHSIETCS] IPOCTOU
TIepexo]i OT MHOTOOCHOTO HAIPSHKCHHOTO COCTOSTHUS K YKBUBAJICHTHOMY OJHOOCHOMY.

PaccMoTpeHue yciaoBUil MPOYHOCTH ISl Pa3HBIX MaTEPHUATIOB TOKA3bIBAET, YTO
TaKOH TOJXOJ CTPOr0 NPUMEHHM TOJBKO K HEKOTOPHIM MaTepHaliaM, CHMMETPUYHO
paboTaroNMM Ha PACTSIKEHUE U CXKATHE.

Jlst 6eToHA TaKO¥W MOJXOJ JAeT JOCTATOYHO TOYHBIE ISl MPAKTUKHU PE3YIbTAThI
TOJIBKO B 00JIACTH BCECTOPOHHETO PACTsHKEHUS (PaBHOMEPHOTO WM HE paBHOMEPHOro). B
oOnacTu, TIAe MACHCTBYIOT TJIaBHBIC HAINpPsHKEHUS C pPa3HBIMH 3HAKaMH, pe3yJbTaT
CTAHOBUTCS HE ONPEJICIICHHBIM, T.K. HE SICHO, C KAKUM M3 JABYX PACUETHBIX COMPOTUBIICHUN
(Ha pacTsbKeHHMe WM Ha CXKaTue) HYXKHO BBINOJHATH CpaBHeHHE. B sTom ciydae
CpaBHEHHE C pACYCTHBIM CONPOTHUBICHHEM HaA PACTSHKCHHUE TPUBOAWT K H3JIHAITHEMY
3amacy MpPOYHOCTH KOHCTPYKIMU. CpaBHEHHE C PACUETHBIM COMPOTUBIICHUEM HA CXKaTHE
UIET B ymiep0 MPOYHOCTH KOHCTPYKIMH, T.K. TIPA OTOM HWCTHUHHAS IMPOYHOCTH OyIeT
3aBBIMIATHCA.

B o6mactu TpexocHoro cxkarus (B T.4. HEPAaBHOMEPHOIO) HEMOCPEICTBEHHOE
CpaBHEHHUE PKBUBAJICHTHOTO HAIPSHKCHUS C PACYSTHBIM COMPOTHBICHHEM IIPH OJTHOOCHOM
CKaTHH TaKXKE SIBISIETCS HEKOPPEKTHBIM.

4.3.10 [Tnactuueckoe negopMupoOBaHUE MAaTEPUATIOB.

B cnyyae 0THOOCHOTO HAMPSHYKEHHOTO COCTOSIHUS TUIACTUYECKOe Ie(hOpMUPOBAHNE
MaTepHaOB OMHUCHIBACTCS IUarpaMMaMu Jae(popMUPOBaHUS (G—E), KOTOPBIE MTPUBOASITCS
B HOPMATHBHBIX JOKYMCHTAX.

B  OonbpIIMHCTBE pAacUETHBIX MPOTPAMMHBIX  KOMIUIEKCOB, B  KOTOPBIX
WCIIOJIB3YIOTCSL MOJICIM MaTepUaioB B MHOTOOCHBIX HAMPSHKEHHBIX COCTOSHUSX, IS
OTHMCAHMS TJIACTHYCCKUX AePOpMAIMA UCTIONB3YETCS TCOPHUS IUIACTUYECKOTO MOTEHITHAa
(Teopwst MIACTUYECKOTO TCUCHHMS ).

[Ipu sTOM mTpenronaraeTcs, 4To BCEe KauyeCTBCHHBIC H3MCHCHHS B MaTepuaje
(pa3BUTHE TJIACTUYHOCTH, YIPOUYHEHUE) TTPOUCXOMAT TIPH TEX K€ COOTHOIICHUSIX MEKIY
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TJIABHBIMU HAINPSDKEHUSIMH, YTO U B YCJIOBUM IpodHOCTU. [loaTOMYy Teopum mpoYHOCTH
UTPAIOT TaKyl0 BaXXHYIO POJIb M B ONHMCAHWHM DPA3BUTHS HEIMHEWHBIX Aedopmarivii B
Marepuare.

[locne mnonHOro mnepexona B IUIACTUYECKOE COCTOSHHE, Marepuan OOBIYHO
paccMaTpUBaETCs KaK BSI3Kasl )KUIKOCTb.

4.3.11 OO61acTh IPUMEHEHUS MOJIEJICH TIIaCTUYECKOTO TIOBEACHUS MaTepHraa.

B KOHEYHO-3JIEMEHTHBIX PACUETHBIX KOMIUIEKCAX pa3padOTUUKU UCIOJIB3YIOT, KaK
MIPAaBWJIO, ABE MOJIEIM IOBEICHHUS MaTepualia, MOCJEe IMEepexo/ia €ro B IUIACTHYECKOE
COCTOSIHUE.

B cooTBercTBMM C MEpBOM MOMENIBI0 TOBEIACHUS, MaTepuan aedopMupyeTcs
MJIaCTUYHO, 0e3 CHIbKeHus HanpsbkeHuil. Ha rpaduxe «o—e» 3T0 u300pakaercs
ropu3oHTadbHOM  JuHMEeW. Yacto mnpenenbHbie aedopManuu MOpU  STOM  HE
OTPaHUYHBAIOTCS.

Jlns O6eToHa Takash MOJieJb MaTepualia JaeT XOpOIlWEe Pe3yNibTaThl B CIydasXx,
KOrJla Hecyllass CHOCOOHOCTh KOHCTPYKLMH HCYEpIBIBAETCA cpa3y Iocie Mepexona
Marepualia B MJIACTHYECKOE COCTOSHME. Takash MOJIENIb MOXKET MPUMEHSTHCS, HAIPUMED,
JUTSL pacueTa HeCyIIel CHOCOOHOCTH CHKATOW MPHU3MBL, JUIsl pacueTa KOJIOHHBI, JIJIsl pacuera
CTaTUYECKU ONPECIUMBbIX (HE TMepeapMUpPOBAHHBIX) OalOK W APYIHMX CTaTUYECKU
OTIPENETMMBIX KOHCTPYKIIUI MPU YCIOBUH, YTO MPHU Pa3pylIeHUH uX, neopmaimu 6eToHa
HE TMPEBBIMIAIOT TpEACibHbIE TPU MOJCIUPOBAHUU UX CTEPKHEBBIMU KOHEYHBIMU
AJIEMEHTaMU.

BTopoii Bua Mojieneil moBeAeH!s MaTepuraia NpeaycMaTpruBaeT mocie nepexoaa B
MJIACTUYECKOE COCTOSTHUE HUCIAJAIONIYI0 BETBb 3aBUCUMOCTH «G-£» C MOCIEAYIOIIUM
OTpaHUYCHHEM TMPEACIIbHBIX OTHOCHUTENBHBIX AedopManuii Marepuana. Takas monenb
3HAQYUTEIBHO JIyYIlle COOTBETCTBYET HWCTUHHOMY IIOBEJACHUIO O€TOHAa U MO3BOJISET
MOJIYYUTh 00JIE€ TOUHBIE PE3yJbTaThl B CTATUYECKU-HEONPENCIUMBIX PACUETHBIX CXEMax,
a TaKXe MPU MOJCIUPOBAHUU KOHCTPYKIIMN OOBEMHBIMH dJieMeHTaMu. JlaHHas MoJziehb
Marepuajia SBJISICTCS HaumOoJiee TMPEANOYTUTEIPHONM TMPU HEJIWHEWHBIX pacuerax
KeJIe300€TOHHBIX KOHCTPYKIIHIA.

4.3.12 HennHelHOCTh M aHU30TPOIIHA.
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ITpu oOTCyTCTBUM HArpy3KM M TMpH OTCYTCTBUM TpPEUIMH OETOH MOKHO
paccMarpuBaTh B pacyeTax Kak OJHOPOAHBIM M30TPONHBIM Marepuan. HauanpHas
aHU30TPOINHMSI MOXKET OBITh CBsI3aHA C OCOOEHHOCTSIMHM OETOHHMPOBaHUS KOHCTpykuuu. Ho
OHa B pacueTax 0ObIYHO HE YUUTHIBACTCS.

XKenezobeToHHAass KOHCTPYKLHS MOXXET pPAacCMaTpUBAThCS KaK OJHOPOAHAS U
W3HAYaJIbHO AaHU30TPOIHAS U3-3a HAJIMYMUS B HEH apMaTypPHBIX CJIOEB.

B mpouecce HarpykeHuss OETOH TMPOSIBISIET aHU30TPOIUIO, CBSI3AHHYIO C
pa3BUTHEM HEJNMHENHBIX AeQopMaliil Ipyu COXPAHEHNHU LEIOCTHOCTU MaTepuaia, a TakxKe
aHU30TPOIIHIO, CBSI3aHHYIO C 00pa30BaHUEM M PA3BUTHUEM TPEIIUH.

B  OOJBIIMHCTBE pPACUETHBIX NPOrpaMM AHU3OTPONHUS M  HEJIUHEHHOCTb
YUUTBIBAOTCS pa3zieibHo. T.e., 00bIYHO, IpOrpaMMa AOMYCKAET 3a/1aHNe JIMILIb JIUHEHHOTO
AHU30TPOITHOTO Marepuaina, JHUOO0 HEIMHEHHOro M30TPONHOro marepuana. Hekoropsie
[IpOrpamMMbl UMEKOT B CBOEM COCTaBE aHU3OTPOIHYIO MOJEJNb, YUUTHIBAIOLIYIO IEPEXO.]
Marepualga B IUIACTHYECKOE COCTOSHHE, HO OCH aHU30TPOIMM 3aJar0TCs 3apaHee.
Pa3BuTre aHM30TpONUU B MpPOLIECCE HEIMHEMHOro AePOpMUPOBAHUs, KaK MPABUIO, HE
NOJJIEP’KUBAETCS IPOrpaMMaMu. DTO SIBJISIETCSI OJJHUM M3 OCHOBHBIX HCTOUYHUKOB OIINOOK
pelieHus 3a7a4, CBA3aHHBIX C pacyeTaMu KOHCTPYKLUUW B MPEAEIbHOM COCTOSIHUU. T.K. B
MOJABJISIIONIEM  OOJNBIIMHCTBE CIIydaeB O€TOH B CEUYEHHH KOHCTPYKLUMHU TEpen
paspyluieHHeM paboTaeT C CUJIbHO BBIPAKEHHOW aHU30TPOINUEH U 3TO CYIIECTBEHHO
BIIMSIET HA YCUIIMS B apMaType.

4.3.13 [Ipn pacuerax Kene300€TOHHBIX KOHCTPYKIIMM CO CTEP)KHEBOM
apMaTypoil pyu MOAEIIMPOBAHUY ITOW apMaTyphl CTEP>KHEBBIMA KOHEUHBIMH 3JIEMEHTAMH,
IUIsL  apMaTypbl TMPUHUMAETCS 3aBUCHUMOCTh «G—€», NpPHUBEACHHAs B HOPMATHBHOU
JUTEPATYPE WIN MMOCTPOEHHAS 110 pPe3yJIbTaTaM UCIBITAHHM.

4.3.14 [Ipn MonenupoBaHHM apMaTypbl OOBEMHBIMH WA 000JIOYEYHBIMH
pJIeMEHTaMu (HampuMep, B CTaJeXeIe300€TOHHBIX KOHCTPYKIUSAX) IJIsl apMarypbl
MIPUHUMAETCS MOJIENIb MaTepuana, COOTBETCTBYIOIIAs JAHHOW Mapke craind. Mogaenu
MaTepHuasoB JIJIsl Pa3HbIX METAJJIOB XOPOLIO pa3pabOTaHbl U HIMPOKO PACHPOCTPaHEHBI U

COACPIKATCA BO MHOTHUX PACUCTHBIX ITPOrpaMMax.

4.3.15
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4.4 TpeOoBaHMsI K pacueTHbIM NPorpaMMam

4.4.1 llpumeHnsiemas Il pacueToOB IMPOrpaMMa JIOJKHA COOTBETCTBOBATH KIIACCY
paccMaTpuBaEeMbIX MH)KEHEPHBIX 3ajad. JlOCTOBEpPHOCTh IOJyYaE€MBIX PpE3ylbTaTOB
pacuera J0JDKHA MOATBEPKAATHCS COOTBETCTBYIOIIMMHM JIOKYMEHTaMHU (cepTUdUKaTaMM),
WIA ONBITHBIMUA JaHHBIMHM, WJIH CPAaBHEHHEM C pe3ylbTaTaMU pacdyeToB JAPYTUMHU
METOJaMH U MIPOrpaMMaMH I TECTOBBIX 3a/1a4.

4.4.2 AOCONIOTHO TOYHO CMOJIEIUPOBaTH BCE€ OCOOEHHOCTH PadOTHI
&Keyne300eToHa B pacyeTHOM cxeme KpaiiHe cioxkHo. [loaTomy, eciiu MHXKEeHep paHee He
BBINOJIHSUT HEJIMHEWHBIX PACU€TOB C IOMOIIbIO JAHHON IPOrpaMMBbl, pE3yJIbTaThl KOTOPBIX
MOATBEP)KIAIOTCS COBIAJieHHEeM ¢ pesynbraTtamu pacueroB no CHull mmm CII wim ¢
OTIBITHBIMU JTaHHBIMH, HEOOXOAUMO YOEIUTHCS B MPUTOJHOCTH HMPOrPaMMBbl K PELICHUIO
HEOOXOJUMOro Kpyra 3ajgady. OTO CBA3aHO C TEM, YTO BOIPEKU 3asBICHUSIM
pa3paboTUYMKOB, BO MHOTHX Mporpammax (pU3NYecKd HEJIMHEWHBIN pacueT He MPUBOJIUT K
[IPABUJIbHBIM PE3yJIbTaTaM.

4.4.3 [Ipexxne Bcero, cieayer yOeaMTbCS, YTO MPOrpaMMa MPABUIIBHO
paboTaeT ¢ 3aJaHHOM nuarpaMMoil nedopmupoBaHus MaTepuana «o—e». s 3Toro
CIIEyeT pacCMOTPETh TECTOBBIE 33Jaud O Je(OPMUPOBAHUU ILIEHTPAIBHO CXKATOrO U
[EHTPAJbHO pACTIHYTOTO CTEpXKHS W3 HEIWHEHHOro wmarepuana. llpu sToM, B
3aBHCHMOCTH OT BHJa pelIaeMoM 3a/layM, Hy’>KHO pacCMOTPETh KakK Cllydyail HarpyKeHHs
KOHCTPYKIMHU HANPSHKEHUSIMHU, TaK U CIydall Harpy>KeHHUs KOHCTPYKUIUU AePOopMaIisimMHu.
Pe3ynbprarthl Takux pacdyeToB KOHEYHOTO JJIEMEHTa EAMHUYHOW JIMHBI U EIUHUYHOM
IUIOUIA/IM TIONIEPEYHOr0 CEYEHUs TOJKHBI AaTh TOYHO Ty AUarpammy paOoThl MaTepHana,
KOTOpas OblIa 3a/1aHa.

444 [Ipu MopenupoBaHUM OOBEMHBIMU DJIEMEHTAMH, CJIEAYET BBITIOJHHUTD
TECTOBBIM pacyeT OETOHHOM MPU3MBI M YIAOCTOBEPUTHCS, YTO €€ paboTa COOTBETCTBYET
O0eToHy maHHOro kimacca. To ecTh, HEOOXOIMMO, MO KpalHeW Mepe, MPOBEPUT,
COOTBETCTBYET JIU e€e paboTa Ha HAYaJbHOM OJTale 3aJaHHOMY MOJIYJIO YIPYrOCTH;
MEPEXOIUT JIM MaTepHall B IMJIACTHYECKOE COCTOSHUE TPU Harpy3Kax, COOTBETCTBYIOIINUX
pacyeTHbIM COMPOTHUBIICHUSM Ha PAcCTSHKEHHME U Ha CKaTHe, MMEETCS JIM HUCHaJlarolas
BETBb NPU HArpy>KEHUU AePopMaiusiMi; COOITIOAAIOTCS JIU MPeAeabHbIe OTHOCUTEIbHbIC

nedopMaliy TPU HArpy>KeHUU HaNpsOKEHUSIMU. Eciin Kakue-TO W3 ATUX YCIOBHM He
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COOJII0JIAI0TCSI, TO BO MHOTHX CIy4asix MporpaMmy M MOJeNIb MaTepuaa BCE HKE MOXKHO
MIPUMEHUTH JIJIs1 paCYETOB OIPAHUYEHHOTO Kpyra 3aiad. MHxeHep H0HKeH MpeACTaBIIsTh,
KAaKW€ TMOrPEIIHOCTH 3TO BHECET B pE3yJIbTaThl pacuera MU s KakuxX 3ajad 3TH
MOTPEUIHOCTH OyIyT CYLIECTBEHHBIMH, a JJIs1 KAKUX — HET.

4.4.5 Her HEoOXOAMMOCTM BBINOJHATH BCE MEPEYUCIECHHBIE TECTOBBIE
pacyeThbl, €clii €CTh COOCTBEHHBIN OMBIT WM OMBIT JPYTUX CIEHHUATUCTOB MPUMEHECHHUS
JAHHOM MPOrpaMMbl K PELICHUIO JaHHOTO Kiiacca 3a1ad. Kpome Toro, MOKHO paclIMpUTh
Kpyr TECTOBBIX 3ajay, BKJIIOYMB B HUX pacueT OanoK, IUIUT U T.I., Pe3YyJbTaThl s
KOTOPBIX MOTYT ObITh TosydeHbl ¢ momoripto CHull, CII wu pykoBomacTB mo pacuery

KOHCTPYKIIUH.
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5 PacueTsl 31aHMIl, COOPYKEHUI U KOHCTPYKIMH B 1I€JI0M

5.1 YuursiBaemble HeJIMHEHHbIE 0CO0EHHOCTH Pad0Thl KOHCTPYKIUI

5.1.1 Pacuer coopyxeHuiM B LEIOM WIM CIOXHBIX KOHCTPYKIIMHI
BBITIOJIHAETCS, KaK MPaBUJIO, C HCIOIb30BAHUEM CTAaHJIAPTHBIX OOBEKTOB CTPOUTEIHLHOMN
MEXaHUKU — CTEP)KHEW, IJIACTUHOK, 000JI0YEK, OaloK-CTEHOK, MeMOpaH, HUTEBUIHBIX
00BbeKTOB. Bce OHM SBISIOTCS YHPOIIEHHBIMH MOJEISIMH OOBEMHBIX TPEXMEPHBIX TeJ.
OTO OOCTOSITENIbCTBO HAKJIAJbIBAET OTPAaHWYCHUE HA ydeT (U3MYECKH HEIMHEHMHOro
MOBE/ICHUSI MAaTePUAIOB B TaKMX KOHCTPYKIUSX, OCOOCHHO B MPEIEIHHOM COCTOSIHHUHM U
MIpU TPUOTHKCHUH K HEMY.

5.1.2 Crtporo roBopsi, B 0OIEeM ciy4yae HE BO3MOXKHO TOYHO TOJYYUTH
npeeabHbIe HArPY3KH U OLIEHUTH HECYIIYIO CIIOCOOHOCTh TaKUxX Mojenel. ckmodeHus
COCTaBIISIIOT Cllydad, KOTJa B pacueTHOM IMporpaMMme pa3pabOTUUK MperyCcMOTpeN
HaJU4he XOpOIIO CKOHCTPYUPOBAHHBIX KOHEUHBIX JJIEMEHTOB W3 Marepuajga THuIla
«apMHpOBaHHBIM  OeToH». Takwe SIEMEHTH JOJDKHBI YYUTHIBATH HAJIWYAC U
PaCIoJIOKEHUE CIIOEB apMHUPOBAHMUS U BO3MOXKHOCTh Ha3zHayaTh OETOHY M apMaTrype
HEJIMHEWHBIE 3aBUCHUMOCTH «0—&», a TaKKe HalW4yhe B dyeMeHTe TpemuH. OmHaKo, Kak
MOKAa3bIBACT MPAKTUKA, TAKUE DJIEMEHTHI JIOJDKHBI OBITh TIHIATENILHO MPOBEPEHBI Mepes] UX
HCIIOJIb30BaHUEM Ha MpPEeIMET COOTBETCTBUS IMOIYYaeMbIX PE3YJIbTATOB TEOPETUUECKUM
WJTH OTIBITHBIM JTAHHBIM, HE 3aBUCUMO OT 3asBJICHHIA pa3pabOTUHKOB.

5.1.3 [IpuuuHbl, HE MO3BOJISIOIIME MPABUIBHO JTOBECTH KOHCTPYKIIMIO 10
NpeeIbHOT0 COCTOSHUS TIPU MOJETUPOBAHUU €€ CTEePKHIMH, 000JI0YKaMu M T.1.
CJIeIyIOLIHeE.

- CymecTByIOT pa3jWYHbIe BUABI MPEACITbHBIX COCTOSHHMMA (TIPOYHOCTH
HOPMaJIbHBIX CEUEHHWH, MPOYHOCTh HAKIOHHBIX CEUCHHH, MPOJABIUBAHUE, CMSTHE,
MPOYHOCTH MPU Kpy4eHUH ). V3 HUX JUIITH B OTIETBHBIX CIy4Yasx C TIOMOIIBIO CTEPKHEBBIX
U 000JIOYEYHBIX 3JIEMEHTOB MOKHO CMOJIETTUPOBATH MPEACIbHOE COCTOSTHUE HOPMaIbHBIX
CEUYCHUM.

- BennuuHbl ipeienbHBIX HArpy30K JJisi OAJIOK U KOJIOHH 3aBUCST OT COOTHOIIICHUS

M u N B HOpManbHbIX ceueHusax. CrenoBaTenbHO, IS pa3HbIX cooTHomenuit M u N
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JOJIDKHBI OBITh Ha3HAYCHEI Pa3HbIC IPUBCACHHLIC XCCTKOCTHU CCUCHUM U3 OJHOPOAHOTO
Marcpuraa. HOBTOMy BBIITOJIHUTD C I[OCTaTO‘-IHOI\/'I TOYHOCTBIO IMPHUBCACHUC
’KeJIe300€TOHHOI'O CEYCHUS K CEUCHHUIO U3 OJHOPOIHOTO HEJIUMHEHHOTO MaTcpuajia MOXHO

JIMIIb TSI OTPAHUYEHHOTO KpyTa 3a/1a4.

5.2 IlpaBuia Ha3HadeHHsi KecTKocTell djemeHToB. IIpaBmia
HCI0JIb30BAHUA AMArpamMm JAeGopMHUPOBAHUSA JJS CEYEHHMH M3 Pa3HOPOJHBIX
MarepuaJsos. [IpaBuiia MmogeJUupoOBaHUSA y3J10B M 3aJaHUS TPAHUYHBIX YCJIOBHH

521 He cMmoTps Ha NEPEYUCICHHBIE HEIOCTATKHM U BBITEKAIOUIME U3 HUX
HOTPELIHOCTH, PACUYET 3[aHUs WM COOPYKEHUs, B IIEJIOM, C IPUMEHEHUEM HEITMHEMHBIX
CTEP>KHEBBIX U 000JIOUEUHBIX FJIEMEHTOB MOKET OBITh M0JIE3€H. TaKol MOaX0/1 MO3BOJISIET
0ojiee TOYHO YYeCThb IHepepaclpeiesieHUe YCUIUN MEXIy 3JEMEHTAMH CTaTUYECKH
HEONPEIEITUMON KOHCTPYKIIMH, IT0 CPAaBHEHUIO C PEIICHUEM YIPYIOW 3a1a4u.

- Ilpm pacyere 3maHHMS WM COOPYKEHHUS, B LEJIOM, C HCIOJIb30BAHUEM
HEJIMHEWHBIX KOHEYHBIX JJIEMEHTOB THUIA CTEP)KHEW U 000JOYEK NPUHUMAIOTCS
CJIEIYIOLIME PACUETHBIE JOMYIIECHHS U MPEIIOCHUIKH.

- Kene300eToH sBIETCA OTHOPOJAHBIM MaTepUAIOM, pabOTAIOIUM HETMHEHHO.

- Jlnmg ydera HENMHEHMHBIX CBOMCTB MAaTe€pUaloB, pPAacdYETHBIE IPOTrPaMMBI
JOIYCKAIOT 3aJJaHue auarpamm 1e@opMUpOBaHUS MAaTEPUATIOB U MOJEIH MPOYHOCTH WM
IJIACTUYHOCTHU (MHOT/AA YTO-TO 0J1HO). [I03TOMY npuBeNEeHHBIE KECTKOCTH 3JIEMEHTOB NPU
JAHHOM BHUJE pacuera peaju3ylTcs C TMOMOUIbIO 3aJaHMs TNPHUBEACHHBIX AHarpamm
nehopMUPOBAaHUS MATEPUAJIOB.

- KectkocTu ceueHuii Ha pacTsDKEHHE-CKaThe, Ha U3TM0, Ha CBUT U HA Kpy4YeHUE
BBIYMCIISIIOTCS HE 3aBUCUMO Jpyr OT japyra (T.e. MPU BbIYKMCICHUU TPUBEIECHHBIX
KECTKOCTEH paccMaTpuBaeTCs YUCTOE paCTSDKEHHWE, YUCTOE CXKaTHe, YMCThIA H3rHO,
YUCTOE KPYUEHHUE NPU HETUHEHHOM MOBEICHUH MaTepuaa).

- Pacnipenenenuie ycunuii MeXy 3JeMEHTaMU CXEMBI B pe3yJbTaTe pacyeTa Majio
OT HCTUHHOTO, YTO JOCTaTOYHO TOYHO COOTBETCTBYET paboTe COOpYKEHUs IMpH
AKCIUTyaTallMOHHBIX ~HArpy3kax; mpeanojaraercd, 4YTo B MPEAeIbHOM COCTOSHUU

COOTHOHICHUC MCKJ/IY YCUIIUAMU HC UBMCHACTCA.
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- [Tockonbky nedopMarimoHHbBIE CBOMCTBA MATEPUATIOB YUYUTHIBAIOTCS C MOMOIIBIO
3alaHus AuarpaMmm aeopMupoBaHusi, TO JUIsl AJIEMEHTOB, OTHOCSIIUXCS K KOKIOMY BUTY
KOHCTPYKIIMH, 3aJaeTCs CBOS JUarpaMMa, B 3aBUCHMOCTH OT IpeoOJiajaroliero BHUa
HaIPSKEHHOTO COCTOSHUS

* U1 Marepuaja KOJOHH TpPUBEICHHAs auarpamma JaehOpMHpPOBAHUS
BBIYUCIISETCS U3 YCJIOBHS IEHTPAIBLHOTO CKATHS DJIEMEHTA;

* JUIsl MaTepuaia 0ajoK MPUBEICHHAS quarpaMma JAehOpMHUPOBAHUS BHIYUCISICTCS
U3 YCJIOBHUS YHCTOTO U3rubda 2JIEMEHTA,;

* JUIS KOHCTPYKIIMH, pabOTAIOMUX MPEUMYIIIECTBEHHO HA CABUT WM HA KpYy4CHHE,
MaTepHuaj paccMaTpPUBACTCS KaK YIPYTHi, C XapaKTepUCTHKaMH OeToHa (CTeprKHEBas
apMaTypa HE YUYWTHIBA€TCS NPU HA3HAUYCHUM >KECTKOCTHBIX XapaKTEPUCTHK); IS
CTaJIe)KETIC300€TOHHBIX KOHCTPYKITUN TIPUHUMACTCSI CPEAHSS )KECTKOCTh Ha CIIBUT WJIM Ha
KpYYEHHE C YIE€TOM COBMECTHOM pabOThI cTaiau 1 O€TOHA.

5.2.2 Jns  maTtepwana dJEMEHTOB, PAOOTAIOIIMX IPEUMYIIECTBEHHO Ha
ckaTue (Hampumep, JUIsl KOJIOHH) nuarpamma AeopMHpOBaHus MaTepualia (KacaTelIbHbIN

MOYJIb YIIPYTOCTH) BBIUYUCIISETCS CIEAYIOMUM 00pa3oM

(O_) _ Egm (U)As +Ep (O_)Ab

Etan -
A+ A
1503051
dUs(‘gs)'A\S + dab(‘c"b)p\b
do(e)  de, de,
de A+ A, ’
rae
EuEgw EBpn — KacaTeNbHblE MOIYJIM  YOPYTOCTH  Kele300eToHa  (Kak

OJTHOPOJIHOTO MaTepuaia), apMaTypsl U OETOHa;

ole) o, (e,)o,(e,) — 3aBUCUMOCTH HANPSHKEHUN OT OTHOCHTENBHBIX IedopMariuii
(muarpammel neopMupoOBaHUs) KeIe300€TOHA, apMaTypHOU CTalld U OETOHA.

Jlnst Marepuajna CTEPKHEBBIX JJIEMEHTOB, PAaOOTAIOMUX IMPEUMYIICCTBEHHO Ha
n3ru6 (Oayku) auarpamma JeOpMHPOBAHMS MaTepHalia JODKHA BBEIYHUCISATHCS C YICTOM

Metoauku CII 63.13330, pazaena, OTHOCSIIETOCS K PACUYETY JKECTKOCTH.
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5.2.3 VYuuteiBass CIOKHOCTP M OOJBIIONH OO0OBEM BBIYMCIEHHUM I
YIOBIIETBOPEHUSI TPEOOBAHMSAM TMPEABIAYIIETO0 IMYHKTa JOIMYCKAEeTCS paccMaTpHUBATh
&KeJe300€TOH KaK HEeJIMHEWHBIN OJTHOPOHBIM MaTepuai ¢ JuarpaMMoi AedpopMHUpPOBaHUS
Y TIPY PACTSDKEHUU U TIPH C)KATHH, KaK y CKATOTO OETOHA.

524 [Tocne pacyeTa 1o NPUBEACHHON METOAUKE 3J]aHUS WJIU COOPYKEHUS, B
11€JI0M, BBITIOJIHSIETCS ITO00p Tpebyemoro apmupoBanus B cootBeTcTBuM ¢ CII 63.13330.

[Ipy HEOOXOMUMOCTH OIICHKA TPOYHOCTH, KECTKOCTH U TPEIIMHOCTOUKOCTH
CYILECTBYIOIIEH KOHCTPYKIIMH UM paHee CIPOEKTUPOBAHHOW KOHCTPYKIUH, 3aKITIOUYECHUE
BBIHOCUTCSI Ha OCHOBAHUHU CpaBHEHHS TpeOyeMOro apMHUpPOBaHMS, COOTBETCTBEHHO, C
(haKTUYIECKUM WJIH MIPOEKTHBIM.

[Ipy Hamuuuu B cocCTaBe 3JaHUSI WM COOPYXKEHUS KOHCTPYKUHMN M3 JPYrux
MaTEpUAJIOB, OHU PACCUUTHIBAKOTCA 10 MEPBOM U BTOPOM IPYNIE MPEAEIBHBIX COCTOSHUN
[0 COOTBETCTBYIOIIMM HOPMATHUBHBIM JOKYMEHTaM Ha BEJIMYHMHBI YCUJINH, TOJyYECHHBIX B
X0JI€ YKa3aHHOTO HEJIMHEWHOIO pacyera.

525 [Ipn MonenupoBaHUU OTIEIBHBIX Y3J0B 37aHUS WJIH COOPYKCHUS,
CIEAYET MPUJICPKUBATHCS MTEPEUNCIECHHBIX HIXKE TIPABUIL.

5251 VY351bl CONPSIKEHNN KOHEYHBIX AJIEMEHTOB B PACUETHOM CXEME CIIEIyEeT
MPUHUMATh KECTKUMHU, B T€X CIIy4asix, KOrja KOHCTPYKIUS IpeaycMaTpuBaeT nepeaaqy
JAHHOTO BUJIA YCWIMS B MOJTHOM OOBEME OT OJIHOTO dJeMEeHTa K apyromy. Tak, y3ibl
CTBIKOBKM HEpa3pe3HbIX OaJloOK ¢ KOJOHHAaMHU WJIM APYr C JAPYroM CIEIyeT 3aJaBaTh
KECTKUMH Ha W3TUO TOJIBKO TIPU YCIOBHUU COOTBETCTBYIOIIUX BBIMYCKOB apMaTyphl U3
BEPXHHUX IMOJOK OAJIOK U CBapKU MX C COOTBETCTBYIOIIMMHU BBIITYCKAMHU COCEIHEH OaJIKu
WU KOJIOHHBI. AHAJOTUYHBIE CTBIKM METAJUIMYECKUX OalioK, Hampumep, ABYTaBPOBOTO
npoduiis, CleayeT paccMaTpuBaTh KaK  JKECTKME TpU HAIMYUK  HAKIAJOK,
oOecrnieunBalIIMX Tepeadyy HOPMalbHBIX HAMpPsSPKEHUM B TOJIKE JBYTaBpa OT OJHOMU
OaJIK¥ K APYTrod Wi OT OAJIKU K KOJIOHHE.

CTbIKM CBall C pOCTBEPKAMHU CIEAYET PaCCMaTpPUBaTh KaK MKECTKHUE, €CIIU UMEIOTCS
apMaTypHbI€ BBIITYCKH W3 CBaW, UMEIOIIUE JOCTATOUHYIO aHKEPOBKY.

VY3nb1 onMpaHus Kene300€TOHHBIX (epM Ha KOJOHHBI CJEAYyeT paccMaTpHUBATh

KaK IIAapHUPHBIC, HE CMOTpPS Ha HaJIMYME CBAPKU MEXKIY OIOPHBIMH 3aKJIaTHBIMU
netansiMu  (epMbl UM KOJIOHHBI. OJTO CBSI3aHO CO CPaBHUTENIBHO (CPaBHUTEIBHO C
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U3THOHOM JKECTKOCTHIO CEUEHUS! KOJIOHHBI M CEYCHUS OTOPHON 4acTu (epMbl) HU3KOH
YKECTKOCTBIO TUIACTUH 3aKJIQIHBIX JIeTaJeH 1 )KECTKOCTSIMH CBAPHBIX IITBOB.

VY3npl ommpaHus JKEeNe300€TOHHBIX OajloK Ha KUPIHYHYIO KKy CIETyeT

paccMaTpHBaTh KaK IMIapHUPHBIC.

VY3nel onmmpaHus COOpHBIX TUIMT Ha Oaldkd CIAeayeT paccMaTphBaTh Kak
IIApHUPHEIE, 32 UCKITIOYCHUEM CITydaeB, KOT/Ia BOCIIPHUITHE PACTITUBAIOIINX HATIPSDKEHUH
B BEPXHEW YaCTH OMOPHBIX CEUYCHHHA MPETyCMOTPEHO C TOMOIIBIO COOTBETCTBYIOIICH
apMaTyphl.

['opu3oHTaNbHBIC W BEPTUKAIBHBIE CTHIKH COOPHBIX CTCHOBBIX IMAaHENEH CIeIyeT
paccMaTpuBaTh Kak MIapHUpHBIE. Ecim Mo mpeaBapuTEeNbHBIM pacdeTaM BCE CEUCHUS
CThIKAa OXBAuU€HbI HANPSHKEHUSIMU OJHOTO 3HAKa, TO JUISI COKpAIllEHUs 00heMOB paboT 1o
pa3pabOTKe pacyeTHOW CXEMBI TAaKWE CTHIKA MOYKHO pacCMaTPHUBATh KaK JKECTKHUE.

5.25.2 [Ipn ydeTe npegHANpPSKEHUs, YCWIHS B CTEPKHEBBIX DJIEMEHTAaX,
MOJICIIUPYIONINX HAMNpAraeMylo apMarypy, MPEANOYTUTEIHHO 3a7aBaTh C TMOMOIIBIO
TEMIIEpaTypHBIX Harpy30Kk Ha O3TH J3JIeMeHTHl. [lpum dSTOoM cleayeT HCXOAWTh U3
3aBUCUMOCTH

o, =AT-a-E,

rac

0 ,— MPEIBAPUTEIBHbIE HATIPSIKEHHS;

AT — nepenaj TeMneparyp (OTpHULIATENIbHbIN);

0. — KOd(PPUITUEHT TeMIIEPATyPHOTO PACIITUPEHHUS,

E, — MOJIyJIb YIIPYTOCTH apMaTyphl.

5253 Ilpm MomenupoBaHWU HATSHKEHUS TMPEAHANPSATaeMON apMmaTypbl Ha
OETOH cienyeT Yy4ecTh BO3MOXHOCTb NMPOCKAJIb3bIBAHUS €€ OTHOCHUTEIHbHO OETOHA Ja)Ke
NocJjie MHBEIMPOBAHUS KAHAJIOB, B KOTOPBIX YCTaHOBJIEHA apMmarypa. OTO CBSI3aHO C
OTCYTCTBHEM PH(OB Ha MOBEPXHOCTH KAHATOB, C HEKAUYECTBEHHBIM WHBECIIMPOBAHHEM, C
HAJIMYMEM 3arps3HEHUsT Ha MOBEPXHOCTH KAaHATOB, C TMOJ3YYECThbIO HHBEKIIMOHHOTO
coctaBa mocie TBepaeHus. llpockanb3piBaHue (HapylIeHHE COBMECTHOCTH pPabOTHI
JaHHOW apMaTypbl M O€TOHA) CJemyeT MOJAEIHPOBATH C MOMOIIBIO BBEACHUS IIAPHUPOB
CKOJIbKEHUSI BJIOJIb OCH apMaTypbl B Y3/bl 3JeMEeHTOB OetoHa. Ecau snemeHT,

MOJIeUpYOIi 0eToH (HampumMep, 000JI0YKa) HE JAOMYCKaeT BBEJCHHUS IIapHHUpA B
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JAHHOM  pacyeTHOM  MPOTPAMMHOM  KOMIUJIEKCE, TO  CIEQyeT  HCIOJIb30BaTh
BCIIOMOTaTeNIbHbIE MPOMEKYTOUHBIE 3JIEMEHTHI JPYrOro THUIA, KOTOPhIE TaKUE HIAPHUPHI
JIOMYCKAIOT (HalpuMep, CTEP>KHEBBIE AJIEMEHTHl BBICOKOW >KECTKOCTH W MaJlod Macchl,
KECTKO COCAMHEHHBIE C y3JI0M 000J0YEYHOTO OETOHHOTO 3JIEMEHTA U HIAPHUPHO C Y3JIOM
CTEPKHEBOTO apMaTypPHOTO JIEMEHTA).

5.25.4 B OoNBIIMHCTBE pacUETHBIX MPOTpaMM B y3JaXx OOBEMHBIX U
O00OJIOUEYHBIX  JJIEMEHTOB OTCYTCTBYET CTENEHb CBOOOABI B BHAE YIJIOBOTO
NEepeMENIeHUs] B IJIOCKOCTH TPaHH dJEMEHTa (SJIEMEHT HE COMPOTHUBISETCS TaKOMY
BO3/eiicTBHI0). UTOOBI M30€XaTh T€OMETPUYECKH H3MEHEHHOM CXEMbl, Hampumep, B
CJIy4ae CTBhIKA KOJIOHHBI C INIACTUHOW, KOI/1a HAa KOJOHHY JACHCTBYET KPYTAIIUNA MOMEHT,
CJIEIyeT BBECTH 3aKpEIJICHUE KOJIOHHBI OT BPAILLEHUs] MaJIOH KecTKocTu. B 3aBucumocTu
OT CpEACTB HCIOIB3YEMOW MPOTPaMMBbl 3TO MOXXET OBITh «YHPYTHil» MIAPHUP TIO
HAIpPaBJICHUIO JaHHOM CTENEHH CBOOOJbI; OJHOY3JIOBOW 3JEMEHT MaJlOW KECTKOCTH,
IpEeJOTBpaLIAONINi CBOOOJHOE BpAIECHUE, PACKPEIUICHHE KOJOHHBI CTEPKHEBBIMU
3JIEMEHTaMH B TNIOCKOCTH TUTHTHI (B T.4. BCIIOMOTATEIbHBIMH, MAJION KECTKOCTH).

5.255 PeanbHble KOHCTPYKIIMM HMEIOT IONEPEUHbIE pa3MEpPbl, a OOBEKTHI
CTPOUTENFHOM MEXaHUKHA HEKOTOPBIX M3 TaKHUX Pa3MEpOB HE MMEIOT B PACUETHOU CXeMe
(mmactuHKa W300pakaeTcss B PacUETHOM CXEME YYacTKOM IIJIOCKOCTH, HE HMEIOIINM
TOJILIMHBI; KOJOHHA WK Oanka u300pakaeTcss OTPE3KOM, UMEIOUIUM TOJIbKO JJIUHY U HE
MMEIOIIUM TOTMIEPEYHBIX pa3MePOB). DTO MPUBOANT K MOTPEITHOCTSAM MIPH MOACTUPOBAHUHU
U TIpU ONpPEIEICHUU HamnpsKEeHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS B MECTaX CTHIKOBKHU
DJIEMEHTOB pa3HbIX THUMOB. JlJiA yMEHBIIEHUS TaKUX TMOTPEIIHOCTEH MOKHO
MPEeIyCMOTPETh B MECTaX CTHIKOBKU KOJIOHH C TMEPEKPBITHEM, HAMPUMEp, KECTKHE Tena,
BCTPOCHHBIE B TMEPEKPBHITHS IO pa3MepaM CEYEHHUs KOJIOHHBbI. AHAJIOIMYHBIM Npuem
MO>KHO MCIIOJIb30BATh JUISI YMEHBIICHHS «BCIIECKOB)» BEJIMUMH M3THOAIONINX MOMEHTOB B
MeCTax COIpPSDKEHUsI CTEH C MEepeKphITUAMU. BMecTo 3agaHus JKECTKHUX Tel B MecTax
COTIPSKEHMSI KOJIOHH C TMEPEKPBITUSMU U CTEH C MEPEKPhITUSIMU MOKHO HCIOJIb30BaTh
yIOpyrue Tela BBICOKOW >KeCTKOCTH. Hampumep, yd4acTOK KOJIOHHBI OKOJIO TEPEKPBITHS
MOKHO MOJEJIMPOBaTh OOBEMHBIMHU 3JIEMEHTaMHU (a Jajiblie — CTepKHEBBIMHU). [[nuny

TAKOIro ydacCcTka CJICAYyCT MNPHUHATL HEC MCHCC IJIMHBI HauMMEHbIICH CTOPOHBI CCUCHMA
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KOJIOHHBI. AHAJIOTUYHO JJIsI CTEHBI JNIMHY TaKOT'0 y4acTKa [0 BEPTUKAIM CIEAYET PUHSTh
HE MEHBLIE TOJIINHBI CTEHBI.

5.2.5.6 Takue oOBEKThI CTPOMTEIBHON MEXaHUKH KaK CTEPXHH, IJIACTUHBI U
000JIOUKH OTIMYAIOTCS B PACUETHOM IIJIaHE OT COOTBETCTBYIOLIUX OOBEMHBIX TEJ, TEM YTO
B HUX BBOJSTCS JOMYIIEHUS OTHOCUTENIBHO paclpeaesieHUs] OTHOCUTENBHBIX AehopMauit
B IOINEPEUYHbIX CeueHMsX. JlJId CTep)KHEW 3TO TUIOTE3a MIOCKUX CEUYEHWH; ISl TOHKHUX
TUTACTUHOK M 000JIOUEK — TUIoTe3a MPsMBIX HOpMaleil. B okpecTHOCTSIX omop U pa3Horo
pola COCPENOTOYEHHBIX BO3NEHCTBUM 3THM JOMNyLIeHHWs Hapymatorcs. lloatomy
HaIPSDKEHHOE COCTOSIHUE B 3THX MECTax BBIYHMCIIETCS C MOTPEIIHOCTMU B CTOPOHY
3aBBIIICHUS YCWJIMA WM HalpsOKeHWW. B CBA3M ¢ 3TWM, HampuMep, BO3HHUKAIOIIWE B
AJIEMEHTaX MEPEKPBITUS B IMPEAENIax CEYEHUs NPHUMBIKAIOUIEH KOJOHHBI WJIA CTEHBI
ABJISIFOTCS HEIOCTOBEPHBIMHU M UX MOKHO HE YUUTHIBaTh. B Takux mecTax JOCTOBEPHBIMH
MOXKHO CUYUTaThb YCWJIMS B 3JEMEHTaX NEPEKpBITHUS, PACIOJIOKEHHbIE He Onmxke 1-2
TOJILLMH IUTUTHI IEPEKPBITHSL OT OIIOPBI.

5.25.7 B3anmonencTBue KOHCTPYKLUMH C TPYHTOM OCHOBAaHHS 3a1a€TCs
0o0bIuHO JBYMs crocobamu. Hambonee yacTo 3TO B3aMMOAEWCTBHUE YUYUTHIBAETCS C
MOMOIIBIO KO3 (PUIIMEHTOB >KECTKOCTH OCHOBaHHUS. Pexke OCHOBaHME MOJIEIUpyeTcs
MacCHUBOM U3 OOBEMHBIX AJIEMEHTOB.

[Tpu MoaenupoBaHMM OCHOBAaHUS MacCHUBOM M3 OOBEMHBIX 3JEMEHTOB pa3Mep
ATOTO MACCHBA IO BEPTUKAJIW MPUHHUMAIOT PABHOW BEIWYMHE CHKMUMAEMOW TONIIM. 3a
npeesbl TadapuToB 3aHUs], YUUTHIBAEMBIM B paCU€THOM cXeMe, MacCUB IpyHTa JOJKEH
BBICTYNAaTh HE MEHEE YeM Ha 1—2 JTMHEUHBIX pa3MEpPOB 3/IaHUS B KaXK/IyIO CTOPOHY.

[Ipn wucnonb3zoBaHuU KOAP(DUIIMEHTOB >KECTKOCTH OCHOBaHHUS, BO H30€kKaHHUE
reOMEeTPUUYECKON N3MEHSIEMOCTH CXEMBbl, CBSI3aHHOW CO CBOOOJHBIMH MEPEMELLEHUSIMU T10
TOPU30HTAJIH, CIEAYET NPEANPUHSTH clieliMalibHble Mepbl. Hanbosee pairioHaabHO BBECTH
yIOpyTHe CBSI3U B Y3JIbl (PyHIAMEHTA, MOJCIUPYIOLIUE TPEHUE 3aHusl O TPYHT. Bo3MoxHO
TaK)K€ 33JaHHE TIOJHOTO 3aKpEIUIeHHs HECKOJIbKUX Y3510B ¢yHaameHta. Ho mpu sTom
clelyeT MMETh B BHUJY, YTO €CIM A3TH 3aKperieHus: OyIyT CTECHSTh MepeMelleHUe
dbyHIaMeHTa, TO B OKPECTHOCTH HHUX BO3HMKAeT KOHLEHTpauus HanpspkeHuil. Bo
n30€KaHre 3TOr0 MOJHOCTBIO 3aKPEIUIATh CIEAYET Y3JIbl, KOTOpble OYAYyT UMETh HYJIEBbIE
NepeMENIeHHs WK MaJible MepeMEIEHNs, IO CPABHEHUIO C IPYTUMHU Y3JIaMHU.
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5.3 Pacuernl Ha ycTOWYHBOCTL. ['eoMeTprueckn HeJIMHEHbIE PACYeThI

531 ['eomeTpruyeckn HEIMHEWHBIN pacueT B o00JacTd keae300eToHa
TpeOyeTcss HCKIIOUUTENIbHO PEIKO, T.K. KPUBHU3HBI, VYIJIBI TIOBOPOTAa M TMPOTUOBI
KEJIe300€TOHHBIX ~KOHCTPYKIMM OOBIYHO Mayibl, B CHJIy BBICOKOH JKE€CTKOCTU
KOHCTPYKIMM. VICKIIFOYEHNEe COCTaBISIIOT CIIy4au pacuyeTa KOHCTPYKINN, TIOBPEKIACHHBIX B
pe3yibTare aBapUUWHBIX BO3ACHCTBUM M 0C000 TMOKMX KOHCTpPYKIMH. TemM He MmeHee,
3aJJaHuEe TEOMETPUUYECKH HETMHEHHOTrO pacdeTa B BBHIYMCIUTENLHOM 3a7adue MOXET ObITh
MOJIC3HBIM, T.K. TO3BOJISICT BBIMOJIHHUTH PacdeT Mo JAeOPMUPOBAHHON CXeMe C Y4eTOM
nepepacrpeziesieHusi YCUiaui B mpouecce nehopMupoBaHus coopykeHus. Takke Takoun
pacyeT NO3BOJISET OLEHUTh 00JIe€ TOYHO 3alMac YCTOMYMBOCTH COOPYKEHHsS, I10
CPaBHEHHUIO, C HOPMATUBHBIM PaCY€TOM HA YCTOMYUBOCTb.

5.3.2 IIpu pacyere Ha yCTOMYHUBOCTHh B T'€OMETPUYECKU HEJIIMHEWHOW 3a1aue
Harpy>K€HUe BeIEeTCs CTyNeHsAMH. KoJMuecTBO CTyNEHEN HarpyKE€HHs IPUHUMAETCS HE
Menee 10 mo mocTukeHuUs: pacueTHo Harpy3ku. Eciu mpu 3Tom Oblia BBISBICHA MOTEPS
YCTOMYMBOCTH COOPYKEHHUS, TO BEJIMYMHA CTYNEHEW HArpy3kKd YMEHBIIAETCS TAKAM
o0pa3oM, 4TOOBI 10 JOCTHKEHUS KPUTHUECKOW HArpy3Ku ObUIO IpUJIokKeHO He MeHee 10
CTYIICHEN HarpyKEHUsL.

[Ipy3HakOM TMOTEPH  YCTOWYMBOCTH  SIBISIETCS  HAPYLICHHE  CXOAUMOCTH
BBIYMCIIMTEIIBHOIO IIPOLIECCA, BBIPAXKAIOIIECECS B HEBO3MOXKHOCTH IIOJyYUTh pPELICHUE Ha
JAHHOM IIare Harpy»KeHHUsl.

B oTaenpHBIX ciiydasx Takod pacueT MOXET JaTh OIMOOYHBIM pesynbTaT. C
MaTEeMaTHYECKOM TOYKM 3PEHHUs 3TO MOXKET ObITh B ciydae, ecid (opma NOTepH
YCTOMUYMBOCTU U PopMa AePpOpMUPOBAHUS PACUETHOM CXEMBbI MOJ HArpy3KoM SIBISIOTCS
OPTOTOHATBHBIMH (QYHKIMSAMHU (HallpUMeEp, HUACATHHO TPSIMOM IEHTPATIBHO CXKAThIN
CTEpKeHb U ero gopma n3rubda B BUJIe CUHYCOUIbl). Bo n3bexanue 3Toro cieayer 3a1aTh
MaJIo€ IIONEPEYHOE BO3MYILIECHHE, KOTOPOE IIOYTH HE IOBIMAECT Ha HANPSHKEHHO-
1e(pOPMUPOBAHHOE COCTOSTHUE, HO YCTPAHUT OPTOTOHAIbHOCTH. HeoOxoaumocTh 3a1aHus

TaKoT0 BO3MYILEHUS (MaJIOi MOMEPEYHON CUIIbI) OTIPEIEIISIETCS ONBITHBIM ITyTEM.
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6 PacueTnl 3J71eMEeHTOB KOHCTPYKIIMii B NIpeieJIbHOM COCTOSIHUU

JleTanbHbIi pacyeT KOHCTPYKUUI, UX Y3JIOB U CEYEHUH MOJIpa3yMeBaET MOAPOOHOE
MOJIEIMPOBaHUE (POPMBI CEUEHHUSI 3JIEMEHTA CTPOUTEIBHOW KOHCTPYKLUH, MOAPOOHOE
MOJICTUPOBAHUE apMaTypbl (CTEP>KHEBOM, >KECTKOH, MPOJOJILHOM, MOMEPEYHON M T.IL.),
3aKJIaHBIX JIE€TaleH U APYTrux YacTeil KOHCTPYKIIUH.

Takue pacyeTHble MOJEIM TMO3BOJIAIOT IOJYyYUTh Haubosiee TMOJIHbIE U
JOCTOBEPHBbIE JaHHBIE O HANPSKEHHO-AEPOPMHUPOBAHHOM COCTOSIHUM  JIAaHHOU
KOHCTPYKLIMH, HO TpeOyIOT OOJBIIMX 3aTpaT Ha pa3pabOTKy caMOd MOJENM U, Kak
MpaBUjIO, MPUBOAAT K OOJBIION MO 00bEMY BBIYMCIHMTENBHON 3amade. Ilostomy,
L[EJIECO00PA3HO MCIOJIB30BATh TAKUE PACUETHBIE MOJEIH TOJIBKO IS pacdyeTa OTIEIbHBIX
y3JI0B, CEUYEHMH >K€Ie300€TOHHBIX KOHCTPYKIMH M CaMHUX KOHCTPYKUUH HEOOIbLINX
pa3MepoB.

KoHeuHBIe 271EMEHTHI U1 IETATBHOTO MOJIEINPOBAHUSA KOHCTPYKIUH.

Ecnu paccMmarpuBaeTcss MpOCTpaHCTBEHHAs 3ajada (CTPOMTCS MPOCTPAHCTBEHHAs
MOJI€JIb), TO OETOH MOJENUPYETCS 0OBEMHBIMU TPEXMEPHBIMU 3JieMeHTaMU. CTepiHeBas
apMatypa MOXET MOJETUPOBATHCS WU OOBEMHBIMH WM CTEPKHEBBIMHU 3JIEMEHTaMH
(psnbl  apMaTypbl MOTYT MOJEIUPOBATHCS O000JOYEYHBIMU 3iieMeHTaMmH). JKecTkas
apmaTypa MOJIETUpPyeTcs 000J0UYE€YHBIMU 3JIEMEHTAMHU.

Ecin  paccmarpuBaeTcss  1uiockas — 3ajada, TO ~ O€TOH  MOJENIUpYEeTCs
000JI0YEYHBIMU 3JIEeMEHTaMH (paboTarolMMU B CBOEM IJIOCKOCTH), a apMmaTypa
MOJIETTUPYETCsI, KaK ObLIO CKa3aHO BBILIE.

PaboTa crepxkHEBOI apMaTypBhl.

CrepkHEBYIO apmarypy CJleAyeT paccMaTpuBaTh KaK HaXOASUIylOCs B
OJIHOOCHOM HAampsHKEHHOM COCTOSIHUHU (YCJIOBUS IPOYHOCTHU cleayeT (GOpMyIUpOBaTh Kak
st 1-0CHOrO HampsKEHHOTO  COCTOsiHMS). VICkimtoueHue CcoCTaBisOT 3ajaud, TJe
YUUTBHIBACTCSl HarejabHbId 3()(PEeKT M BIUSHUE >KECTKOCTH apMaTypbl Ha HaNpPsHKEHHO-
1e(pOPMUPOBAHHOE COCTOSIHME MPUJIETAIONINX CJI0eB OeToHa (BBIKaJbIBaHHE O€TOHa
apMmaTypoil mnpu ee wu3rude, CIEIUVICHHE apMaTypbl € OETOHOM C BBIYUCICHUEM

HaIpsHKEeHUH B peOpax apMaTypbl U B IPUIICTAIONINX CIIOSX O€TOHA).
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Pabota »ecTkoit apmMaTyphl.

KecTtkast apmarypa, Kak MpaBWIO, HAXOJUTCS B JIByXOCHOM HampsiKEHHOM
COCTOSIHUH (T.€. YCJIOBHE MIPOYHOCTH JJIs Hee AOJKHBI (POPMYIIHPOBATHCS KaK JUIsl Cirydast
JBYXOCHOTO HaIPsDKEHHOTO COCTOSIHUSA).

Pabora 6etona.

beton B o01iem cinydae paboTaeT B yCIOBUAX 3-OCHOTO HAMPSXKEHHOT'O COCTOSTHUS
(maxxe B Oankax, M3rudAEMbIX B OJTHOM IJIOCKOCTH U B LIEHTPAJIBHO B HEHTPAIBHO CKATHIX
KOJIOHHAX 3a CYET B3auMOJICHCTBUS OETOHA C MPOAOJIBLHOM M MOMEepeyHO apMatypoil 3a
CYET TPEIWH, 3a CYET MOMepeuHbIX nedopmaruii 6etoHa U XxoMyToB). COOTBETCTBEHHO,
MIPUMEHSIEMbIE MOJENIM MaTepuana JOKHBI YUYUTHIBATH 3TO OOCTOSITEILCTBO U YCJIOBUS
MPOYHOCTH JODKHBI (DOPMYIUPOBATHCSA B BHUJEC (PYHKIMU B TPEXMEPHOM IPOCTPAHCTBE
TJIABHBIX HANPSIKEHUH.

B mnameit ctpane Haunbosee npopaOOTaHHBIMHU MOCISIMH TPOYHOCTH O€ToHa
ABJISIOTCS Mozenb Kaprienko u mojienb ['eHuena.

B 3apy0exHOM TEXHUYECKOH JIUTepaType U B TEXHUYECKOW TOKYMEHTAlUU K
pacyeTHBIM MPOTPAMMHBIX KOMILUIEKCAM BCE MOJIETU MPOYHOCTU JyIisi OeToHa B BHUJE
GyHKIIUH B TPEXMEPHOM TMPOCTPAHCTBE TIJIaBHBIX HANPSKEHUNA HMEIOTCA MOJEIN
Hpyxepa—Ilparepa (uHorma — pacummpeHHble Mojenu Jlpykepa—IIlparepa) B pasHbIX
Moaudukanusx. B Hekotopbix nporpammax (Harpumep, ANSYS) nonb3oBaTens umeeT
BO3MOYKHOCTh pa3padoTarh CBOIO Mojenb marepuana. Ho, yuuTsiBas CI0KHOCTb 3TOTO
mpoiiecca ¥ He0OXOIMMOCTh TIIATEIBHOTO TECTUPOBAHUS COOCTBEHHON MOJIENH, OOBIYHO
UCIIOJIb3yeTCsl HAabOop Mojienell MaTepuaa, MpeayCMOTPEHHbIA B TAHHOM IPOrPAMMHOM
KOMILJIEKCE.

[Tepen paspymenuem (Oyaydw B MPENeIbHOM COCTOSHUHM) OETOH B CEUCHHUSAX
KOHCTPYKIIMU pabOTaeT ¢ pe3KO BBIPAKEHHOM aHM30Tponuei. B Mukpoodbeme maTepuaia
AHWU30TPONHUS CBA3aHA C PA3HOM JKECTKOCTBHIO DJIEMEHTA B Pa3HBIX HAIMPABICHUSX H3-3a
HEJIMHEHHOTO Ne(opMUpOBaHUS MaTepHualia B yCIOBUAX PAa3HBIX BEIWYUH HAMPSKCHUIH,
HaIpaBJEHHBIX MO pa3HbIM ocAM. B MmakpooObeMe Marepuana aHU30Tporus OeToHa
CBs3aHa C oOpa3oBaHueM TpemniuH. [Ipu 3TOM B HampaBiIeHUU TMOMEPEK TPEIIMH OETOH
paboTaeT ¢ Majoll MM HYJIEBOW >KECTKOCTHbIO, a B HANpPAaBJICHUHM BJAOJb TPELIMH — C
BBICOKOH KE€CTKOCThIO. DTO SIBJISIETCSI OCHOBHOM MPUYMHON aHU30TPOIIHH.
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B GonbIMHCTBE pacueTHHIX MPOrpaMM HEJTUHEWMHOCTh M aHU3O0TPOIIHUS MaTepuasa
COBMECTHO HE€ YYUTBHIBAIOTCSA. YUYET B PACUETHBIX CXEMax OJHOM TOJBKO HEJIMHEWHOCTH
OeTOHa MPUBOJIUT K TOMY, YTO B MPOIIECCE BBHIYMCICHUN MOUYTH BECh PACTSIHYTHIM OCTOH
CUMTAETCA PA3PYyLUICHHBIM. ODTO PABHOCWIBHO HCKIIOYEHUIO U3 PACYETHOU CXEMBbI
OompIIoro o0beMa MaTepuana, KOTOPBIA B ACHCTBUTEIHHOCTH MPOAOHKACT padoTaTh B
HaIpPAaBJIECHUSIX, OPTOTOHAJIBHBIX PACTSKEHUIO. DTO MPUBOJUT K CEPHE3HBIM HCKAKEHUSIM
MCTUHHOTO HANPSKEHHOIO COCTOSIHUS KOHCTPYKIIMM W MPUBOAUT K OIIMOOYHBIM
pe3yabTaTaM, He COMIACYIOIIMMCS C TeopHel kene3o0eroHa. I HOpMaabHBIX CEYCHUM
OaJIok, HampuMep, 3TU OMMOKK HAOJFOMAIOTCS B BEIMYMHE HAIPSHKECHUN B PaCTIHYTOU
apMatype, B BETUUMHE HAMPSKEHUHN B CKATOM 30HE O€TOHA, B BBICOTE CXKATOM 30HBI.

Jlns monmydeHust pe3yJIbTaTOB pacuera, COracyroluXcs ¢ TeOpueH Kene300eToHa,
WHXKEHEpP [IOJDKEH CaMOCTOSITENIbHO CMOJICIUPOBATh aHU30TPOINHI0 B MaKpooObeme
MaTepuaja ¢ MOMOIIbI0 MOJACIUPOBAHUS TPEIIHH.

Croco0bl MOJIETMPOBAHMS aHU30TPOIIMU U HETMHEHMHOCTH OETOHA.

B 3aBucHMOCTH OT BHJIa pacyeTHOW 3afauu HanbOosee 3(P(HEKTUBHBIMU SBIISIOTCS

JABa BHJa MO,ZIGJIGIZ N3 CTCPIKHCBBIX 3JICMCHTOB U U3 00BEMHBIX.

6.1 MoaenupoBaHie HOPMAJIbHBIX CEYCHUI KOJOHH, 010K U IUIUT

C MOMOIIBI0 CUCTEMbBI CTCPKHEBBIX 3JICMECHTOB M ’KCCTKHUX TEJI

6.1.1 B psge 3amad, CBS3aHHBIX C MPOYHOCTHBIMH pacdyeTaMu, MOXKHO
npeHedpeyb BIUSHUEM O00BEMHOIO HAIPSHKEHHOTO COCTOSIHMSI Ha MMPOYHOCTh MaTepuara.
K Takum 3amauam OTHOCHUTCS TpOBEpKAa MPOYHOCTH HOPMAIBHBIX  CEUCHUH
KeJIe300€TOHHBIX, CTANEKENEe300€TOHHBIX 0aIOK M KOJOHH (2 Takke 0aloK M KOJIOHH U3
IPYrUX MaTEpHUaJIOB), a TAKKE JKENE€300€TOHHBIX IIJIUT, pa0OTAIOIIKX MO 0aTOYHON cXeMe
(T.e. HAa M3TUO MPEUMYIIIECTBEHHO B OJJHOM HaIlpaBiieHHUH). Takue KOHCTPYKIIMHA XOPOIIIO
OTIHCHIBAIOTCS CTEPKHEBOM Teopueit. OHa BKIIIOUAET B ce0s YeThIpe OCHOBHBIX MPHUHIIMIIA.

1. KoHcTpykuus paccMarpuBaeTcs Kak HaOOp MPOJOJIbHBIX BOJIOKOH (B T.4. U3
pa3HBIX MATEPHUAJIOB).

2. BonokHa He HagaBIMBAIOT APYT HA JIpyra IpH 1e(HOpPMUPOBAHHH.
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3. CoOmromaeTcs 3aKOH IJIOCKUX CEUYEHUIA.

4. BonokHa pa0oTaroT TOJIBKO Ha PacTsSKEHUE-CHKATHE.

OT0 MO3BOJISIET HOPMAJIbHBIE CEUEHUSI TAKUX KOHCTPYKIMH U CaMH KOHCTPYKIIMH
MOJIETTUPOBATh HAOOPOM HEMHEHHBIX CTEP)KHEBBIX 3JIEMEHTOB.

6.1.2 Henuneitnast crepkHEBast MOJICNIb CTPOUTCS CIEIYIONIUM 00pa3oM.

«BosokHa» pa3HbIX MaTepHalioB (apMaTrypbl, OETOHA, MPOKATHBIX Mpodusei)
MOJEIIUPYIOTCSI CTEP’KHEBBIMH 3JIEMEHTaMU. EcCiii paccUMTHIBA€TCS TOJBKO MPOYHOCTH
HOPMAJILHOTO CEYEHMS, TO MOXHO MCHOJb30BAaTh CTEPKHEBBIE AJIEMEHTHI, paboTaronue
TOJIKO Ha pacTskeHue-ckatue. CyMMapHOE€ MOINEpPEYHOE CEYEHUE CTEPIKHEBBIX
AJIEMEHTOB, MOJEIHUPYIOUIMX  JAHHBI1  METAUIMYECKUHA  DJIEMEHT  KOHCTPYKUHUHU
(apMaTypHbIii CTEpKEHb WX >KECTKUI MPOKATHBIM MPO(UIIb) TOIKHO OBITH CTPOTO PAaBHO
MONEPEYHOMY CEYEHHUIO 3TOTO METAINIMYECKOTO AIEMEHTA.

CymMMapHOE€ CceyYeHHE CTEP)KHEBBIX 3JIEMEHTOB, MOJEIUPYIOIINUX «BOJOKHA»
0eToHa, MOXKET NPUHUMATBLCS C YUETOM WM 0€3 ydeTa TOro 0OCTOSITENbCTBA, YTO YacTh
MONEPEYHOT0 CEYEHUS 3aHUMAET apMarypa. ITo 3aBUCHUT OT KO3 pUIIMeHTa apMUPOBaHUS
U OT pa3MEpPOB CEYECHUS )KECTKOM U CTEPKHEBON apMaTypBl.

st coOuroieHnst 3aKoHa ITOCKUX CEYEHUM, B pACYETHYIO CXEMY B 3TOM CEYEHUU
BCTAaBJIAETCS IUIACTUHA WU OOBEMHOE TEJIO BBICOKOW HKECTKOCTH.

Ecnu paccuMThIBaeTCsi TOJNBKO MPOYHOCTH HOPMAJIbHOIO ceueHus: (a He Oaika
LEJIMKOM), TO CTEPKHEBBIE DJIEMEHTHI B PACUETHOW CXeMe€ MPUHUMAIOTCA KOPOTKUMH. MX
clenyeT MpPUHMMATh, MO KpallHEH Mepe, Ha TMOPSIOK MEHBIIE XapaKTepHOro pas3Mepa
ceyeHusl OajJKkd WIM KOJOHHBI B IUIOCKOCTHM M3rumOa. Eciam u3ru® mpoucxoIuT B JIBYX
IJIOCKOCTSIX, TO JUIMHY CTEPKHEBBIX KOHEUHBIX JIEMEHTOB B MOJEINH CIIEyeT MPUHSITh Ha
NOPSAJOK MEHbBIIIE HAaUMEHBIIEr0 XapakTEpPHOTO pa3Mepa CEYeHHUs U3 BceX (M3 BBICOTHI,
IIMPHUHBI, TOJIIMHBI TOJIKK WM CBeca, TONMHBI cTeHkH). K mactune, obecneunBaromien
BBITIOJIHEHUE 3aKOHA TUIOCKUX CEYCHHUM TaKHe CTEPKHHU JIOJDKHBI KPEMUTHCS HIAPHUPHO.
Ha papyrom KoHIlE TpaHWYHBIE YCJIOBHS TaKXKe BBIOMPAIOTCS IMMAPHUPHBIMU, YTOOBI
oOecreynTh paboTy BOJOKOH MOJIETN B COOTBETCTBUH CO CTEP>KHEBOW TEOPUEH.

Harpy3ku (MOMEHTHI B JBYX HampaBiICHUSX ¢  MPOAOJBHBIE  CHJIBI)
MPUKIAABIBAIOTCS K JKECTKOM IJIacTUHE, MOENUpYIoIei miuockoe ceueHue. Ilnactuna
JOJKHA  OBITh  JOCTATOYHO JKECTKOM, YTOOBI COCpPEJOTOYEHHBbIE BO3ICHCTBUSA,
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npujiaraeMble K HEH, BBI3bIBAJIM pacClpeesieHre MNpPOAOJbHBIX JedopMaiuii Mexmy
OT/CJIbHBIMU CTEPKHIMU (MOACTUPYIOIIMMHU BOJIOKHA) M0 TUHEHHOMY 3aKOHY.

Jns yuera Qu3nyeckod HETUHEHHOCTH CTEP)KHEBBIM 3JIEMEHTAM Ha3HAYaIOTCs
MaTepHuaibl, JUIsi KOTOPBIX 3aJlaHbl HEJIMHEHHBIC auarpaMMbl Ae)OPMHUPOBAHUS «G—EM
(COOTBETCTBEHHO, IS CTAJIN WJIM CTaJIeH U 11 O€TOHA).

[Ipu pacuere Harpy3ka NpUKIAIbIBACTCS IIaraMd TaK, 4YTOObl K MOMEHTY
paspylieHust ObLIO TpoiaeHO0 He MeHee 10 maroB Harpy3ku OpH paBHOMEPHOM IIare.
Ecnu k MOMeHTY pa3pylleHusi KOJMYECTBO IIArOB OKAa3ajdoCh MEHBIIE YKa3aHHOTO, TO
CJIEIyeT YMEHBIIIUTD AT HArpy3KH J0 MOTYYEHUs TPEOyEeMbIX MapaMeTpoB.

[Ipu3HakoM  paspylieHusi  SIBISETCS  HApPYUIEHHE  CXOJMMOCTH  CUETa,
BBIPAXKAIOIIEECS B HEBO3MOXKHOCTH TOJTYYUTh PELICHUE HA TEKYIIEM IIare HarpyKeHUs.

JlaHHast MOJIeTTb TIO3BOJISIET MOJIYYUTh PE3YIbTaThl, COOTBETCTBYIOIIUE PACUETY MO
nedopmannonnon moaeau CII 63,13330 ¢ BRICOKO# CTENEHbI0 TOYHOCTH.

JlaHHast MOJIENIb MOXET OKa3aThCsl OCOOCHHO IMOJIE3HON MpH pacyeTe MPOYHOCTU
CEUYEHUI, UMEIOIIUX CJIOKHOE OYEepPTAHHUE, UMEIOIINX CI0KHOE apMHUpOBaHUE (Hampumep,
MIPU HAJTMYUH KECTKOU apMaTyphbl), PU CI0KHOM OMPEEICHUN PACIIOIOKEHUS TPAHUIIBI
CXAaTOU 30HBI.

6.1.3 . AHaJOrHYHBIM CTIOCOOOM MOKET OBITH COOpaHa pacueTHas MOJETb IS

nenoi Oanmku. Mojenb TO3BOJSET OMPENEesaTh MPEACNbHYI0 HArpy3Ky Ui Oanku u
CJIEUTH 32 00pPa30BAHUEM TJIACTUYECKUX IIAPHUPOB.

[Tpu cozmanuu cTep>KHEBOM MOJEIHN NS 1eJI0M OaJIKu (UK TUIUTHI, paboTaroIiei
1o 0ajJo4YHOM cXeme) CIeAyeT Y4eCTh CIEAYIOIIUE OTJIMYUSI OT MOJEIN, PACCMOTPEHHOM
BBIIIIE.

Kectkue macTunbpl, 00€CIEUNBAIONINE TIOCKUE TOMIEPEYHBIC CEUEHUSI, BBOSITCS
B HECKOJBKMX MeECTax Mo /inHe Oanku (opueHTUpoBouHO — 10 mITyk B Tpoiiere).
DJIEMEHThI, MOJEIHPYIOIINE BOJOKHA MaTepuasa, CTBIKYIOTCA C 3TUMH IJJACTUHAMHU
xecTko. [IpoMexyTouHble y37bl MEXAY KECTKUMU CEUYEHUSIMH HE Ha3HAYaOTCA.
CTep>KHEBBIM DJIEMEHTaM CIISTyET 3a/1aTh MOBBIIICHHYIO )KECTKOCTh Ha CIBUT.

Pelienrie TeCTOBBIX 3a/lay MOKa3ajiv, YTO JaHHAs MOJEINb MO3BOJSIET ONPEAECIUTh
MpeaeabHy0 Harpy3ky i Oanku ¢ TouHOCThiO 70 10% (mosydaemasi mpenesibHas
Harpy3ka Ha 10% Hwmke, yem npenaenbHas Harpyska o CII).
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6.2 MoaeanpoBanue 0eToHA 00beMHBIMH JIEMEHTAMH, 4 APMaTyPHBIX

CTep)KHeﬁ CTECPKHEBBIMHA 3JIEMECHTAMMU

Mogenn u3 OOBEMHBIX 3JEMEHTOB TO3BOJSIOT MOJYYUTh HauOoOJee TOJHbIC
JAHHBIE O HAMNPSKEHHO-AC(POPMUPOBAHHOM COCTOSIHUM >KeJIe300€TOHHOW KOHCTPYKIIMH.
PaboTa cramu B HacTosllee BpeMs YUYHTHIBAETCS B COBPEMEHHBIX MOJENSIX MaTepHalioB
JI0CcTaToyHO TOouHO. Pabora OeroHa oTinnMyaeTcsi OONBIIONW CIOXHOCTBHIO. B HacTosiee
BpeMsi HE yAaeTcsl B JIOCTATOYHOM CTENEHU y4ecTh BCE OCOOCHHOCTH 3TOHM paboThI Mmpu
COBPEMEHHOM YPOBHE pa3BUTUS METOJA KOHEYHBIX 3JEMEHTOB M IPH COBPEMEHHOMN
CTENEHU MPOPabOTKHU paCYETHBIX MOJIeNIel MaTepHaIOB.

HemnocpencTBeHHOE NpPUMEHEHHE COBPEMEHHBIX MOJIeNell OeToHa K pacuery
KOHCTPYKIMHA W WX Y3JIOB B MPEAECIbHOM COCTOSSHUM YacTO MPUBOAMUT K OLIMOKAM.
OCHOBHBIM HCTOYHMKOM OIIMOOK B pacyeTax sBISIETCS HEy4YyeT aHU30TPOIUU B
HEJIMHEHHBIX Mozensix marepuanoB. [[o3ToMy B TeX KOHCTPYKUHMSIX, TJI€ aHU30TPOIHUS
Maj0 BIMSET Ha HECYLIyI0 CIOCOOHOCTh (KOHCTPYKIMM, HCUEpPHaHUE Hecyllel
CIIOCOOHOCTH KOTOPBIX HACTYHAaeT OAHOBPEMEHHO ¢ 00pa30BaHUEM TPEIIMHBI, T.€. CIabo
apMHUPOBAHHBIE PACTAHYTbIE M HM3rHOAaeMbIE€ AJIEMEHTBHl M 3JIEMEHTBHI CHKAThIE C MajbIM
HKCLEHTPUCUTETOM — OETOHHBIE OAJIKH; CKAThI€ IPU3MBbI; KOJIOHHBI, BCE CEUEHUS KOTOPBIX
CKaTo; MepeapMUpOBaHHbIE OalKyd U T.I.) HEMOCPEACTBEHHOE HMCIOJIb30BaHUE MOJENe
HEJIMHEHHBIX MaTEPUAJIOB AA€T XOPOIIME PE3YIbTaThl, TOUHOCTh KOTOPBIX COOTBETCTBYET
UH)XXEHEpHbIM TpeOoBaHusIM. B Tex ciyuasx, koraa mnociie oOpa3oBaHMsI TpPELIUH
KOHCTPYKIIUSI €Ill€ MPOJ0JDKAaeT paboTaTh (HE NepeapMUpOBaHHbIE Oajku, HAKJIOHHBIE
cedeHus 0ajoK U T.II.), ISl OJyYEHUsl pe3yJIbTaTOB pacuera, COracyroUxcs ¢ Teopuei
&Kene300eToHa, HEOO0XOJUMO MPUMEHEHHWE CHEUUAIbHBIX MPUEMOB. OTH MPHUEMBI
HalpaBJICHbl HA TO, YTOOBI CO3/1aTh aHU3O0TPOINHIO B MakpooObeme martepuana. Bece oHu
ABJIAIOTCS TPUOTMKEHHBIMH.

6.2.1 MogenupoBanue paboThl OETOHAa C TpPEUIMHAMU IyTEeM YJaJleHUs
MTOBPEXKICHHBIX 3JIEMEHTOB.

6.2.1.1 JIst co3anvs aHU30TPOIMKA B MAaKpoOOBheEME, T.€. IJIsi MOJICITUPOBAHUS
BO3HMKHOBEHHUS WM Pa3BUTHS TPEIIMH, MOXKET NPUMEHSATHCS JCaKTUBAIUS KOHEYHBIX

AJIEMEHTOB TIOCJIC aHah3a WX HaAMpsHKEHHOro JeOpMHUPOBAHHOTO COCTOSTHUSI Ha
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IPEbIIyIIEM IIare HarpyeHusi B TOM CJIy4ae, €CJIM BbISBICHBI YCIOBUS, HEOOXOIUMBIE
TUTsI 00pa30BaHUS TPEIIUHEI.

AHanu3 HanpsHKEHHO-1e(OPMHUPOBAHHOIO COCTOSIHUS M JCAKTUBALUS MOXKET
BBITIOJHATHCS BPYYHYIO WM aBTOMAaTU3MPOBAHO, B 3aBHUCHUMOCTH OT BO3MOXKHOCTEH
pPacyeTHOro KOMILIEKCAa M HABBIKOB MH)KEHEpa (B T.4. B 00JIaCTH TPOTrPaMMUPOBAHMS).

[Tpy uCHoOIB30BaHUU JAHHOTO MOJXOZA KEJATENIbHO HCIOIb30BaTh KAK MOXKHO
00Jiee TyCTyI0 CETKY KOHEUHBIX 3JIEMEHTOB.

6.2.2 MopaenupoBanue pabOThl OE€TOHA C TPEIIMHAMHU C MOMOIIBI0 KOHTAKTHBIX
3a/1ad.

6.2.2.1  Haubonee mpocTol MpHEM CO3/JaHUS AHU30TPOIUU B MaKpOOoOBEME
MaTepuaa SBIISETCS MCIOIb30BAaHUE KOHTAKTHBIX 3JEMEHTOB J/JIs MOJEIUPOBAHUS
TPEIUH.

B sToM ciywyae OGeToH paccMarpuBaeTcs Kak HaOOp 3JIEMEHTapHbIX OOBEMOB
(COOTBETCTBYIOLIUX OAHOMY KOHEYHOMY 3JIEMEHTY WJIM TPYINE KOHEYHBIX 3JIEMEHTOB),
COCTMHEHHBIX MEXKAY COO0 KOHTAaKTHBIMH CBSI3SMHU.

Jlis 6eToHa MCHOJB3YeTCsl OJIHA U3 HEJIMHEWHBIX MOJEJEH, MPeayCMOTPEHHBIX B
JAHHOW pacyeTHOW mporpamme. Mojenb NOKHA YYUThIBATh HauOoJiee MOJIHBIA Habop
XapakTepuCcTHK Marepuana. Kak MHMHMMYM, OHa JOJDKHA YYHUTHIBATh BIIMSHUC
MHOTOOCHOTO HaNpsKEHHOTO COCTOSIHUSI Ha MPOYHOCTh MaTepuaja W pasjuuue B
MPOYHOCTSAX MaTepHala Mpyu OJHOOCHOM PACTSHKEHHUH U CHKATHU.

Jlyis co31aHusi KOHTAKTHBIX CBA3EH UCIOJIb3YIOTCS KOHTAKTHBIE SJIEMEHTHI.

Ecnu rpaHn OOBEMHBIX KOHEUHBIX 3JIEMEHTOB O€TOHAa B PACUETHOM CcXeme
PacmoJI0XKeHBI BAOJIh TPAHUIIBI TPEATIOIaraéMoil TpEeIuHbI, TO JOCTATOYHO UCTIOIb30BaTh
KOHTAKTHBIE AJIEMEHTHI MEXAY HUMH, paboTarolue TOJbKO Ha MpHKaTtue U oTpbiB. Eciu
IpaHU JJIEMEHTOB O€TOHA M HAaNpaBJICHHE MpearnojaraeMod TPEUIMHbl HE COBIMAJAIOT
(manpumep, OeToHHas yacTh Oanku coOpaHa U3 §-y3JO0BBIX MPU3MATHUYECKUX DJIIEMEHTOB
TUMA Mapajjienunena, a TpPelMHAa MPOXOAMT HAKIOHHO), TO MOXET MOTpedOoBaThCs
MCIOJIb30BaHNE KOHTAKTHBIX JJIEMEHTOB, OOECIEUMBAIOIINX HApYIICHHE KOHTAKTa, KaK
IpU PacTSLKEHUHU, TaK M NP cIBUTE (B Ciydyae mpuMmepa ¢ OanKod OHU JOJKHBI OBITh

pPacnoJioKeHbl KaK B BEPTUKAJIbHOM TJIOCKOCTH, TaK U B TOPU3OHTAIBHOM).
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[Tpu 3amaHWM CBOWCTB KOHTAaKTHBIX 3JEMEHTOB HEOOXOIMMO CICTUTH 3a TEM,
YTOOBl PACKPHITHE KOHTAKTA MPOMCXOIWUIO HEMHOTO paHblle, 4yeM OYIeT NOCTUTHYTO
paspylieHre MaTepuasa B COOTBETCTBUM C MPUMEHCHHOW HEJIMHEWHON MOJIEIBIO
MaTtepuana. B nmpotuBHOM ciyyae oOpa3zoBaHHE TPEUIMHBI CMOACIUPOBATh HE YIACTCS U3-
3a pa3pyllIeHHs BCETO pacTIHYTOro oobema OeToHa.

AHaJOTHYHBIC TPHEMBl MPUMEHSIOTCS KOTJa, Hampumep, Oajka WM KOJOHHA
MOJIETTUPYETCS MIIOCKUMH 3JIEMEHTAMHU.

6.2.3 MoaenupoBanue paboThl 0€TOHA C TPEITUHAMHU C TIOMOIIBI0 KOPPEKTUPOBKH
aHM30TPOITHBIX CBOMCTB MaTepuasa MpH MOIIaroBOM Harpy>KeHHUU.

6.23.1  [lnga ydera aHM30TPOINUU OETOHA MOKHO BOCHOJIB30BAThCS 3aJaHUEM
aHU30TPOIHOIO MaTepuajia HEMOCPEACTBEHHO. B OOJIBIIMHCTBE pPacUETHBIX HPOTrpamMMm
aHU30TPOIHS M HEIMHEHHOCTD JIJIsl OTHOTO M TOTO K€ MaTepuaia He Mo AepKuBatoTcs. B
3TOM Cllydyae MHXKEHEP JOJDKEH caM OOECHEeUUTh IIAroBbIil BBIUMCIUTENBHBIA MPOIECC C
HaKOIJICHUEM HaNpsDKeHUM U AedopMalinii 1 ¢ KOPPEKTUPOBKON aHU30TPOITHBIX CBOMCTB
MaTepuaia Ha KaXJI0M Iare HarpyxeHus. JlaHHbII MeTO/ sBIsETCS HanOoJiee CIOKHBIM
U TpynoeMkuM. Kpome TOro, uMMeETCs Cepbe3Hble TEOPETHUUECKHE TPYAHOCTH st

OMMUCAaHUS MIACTUYECKUX JAedhopMaliii aHU30TPOMTHOTO YIPOUYHSIOIIETOCs Tea.
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HPUJIOXKEHHUE

IIpumepsl pacyeTHBIX 32124

B nanHOM paszelie npuBeneHbl PUMEPHI pacyeTa Keae300€TOHHBIX KOHCTPYKIUI
¢ nomompto mnporpammbl  ANSYS. IlpuBomsarcs TekcTel 3amad Ha s3bike ANSYS
Mechanical APDL. [lnst mosicHEeHUsI UCTIOIb3yEMBIX MOJIXOA0B M MPUHSITHIX TOMYIICHUIH
JaHbl TOSICHEHHUS Tepe]l TeKCTaMU NPUMEpPOB, a TaKXKE HEMOCPEACTBEHHO B CKPHUMTaX
APDL B Buzne koMMeHTapueB. JJis BOCIIpOM3BEACHUSI MPUMEPOB CIIEIYET yKa3aTh CBOU
yTh K Mamke, B KOTOpOM OynerT pemarbcs AaHHas 3ajJada B KAadyecTBE MapaMeTpa B
komanze “/CWD”.

B kauectBe TpUMEPOB BBIOpAaHbI pacyeTbl NPOYHOCTH KEI€300€TOHHBIX
KOHCTPYKIIMM B NPENEIBHOM COCTOSIHUU. JIaHHBIN BHUJ pacueTra COOTBETCTBYET pacdyeTam
o mnepBoi rpynne npenenpHelx coctossHM  CBoma IIpaBuir  «beTroHHBIE U
&KeJne300€TOHHbIE KOHCTPYKIMWY. JlaHHBIA BUJ pacyeTa BBIOpAaH B KAUECTBE MpUMeEpa Kak
HauOoJee CIOKHBIN, YYUTBIBAsE 0COOEHHOCTH PabOTHI )KeIe300€eTOHa.

PaccMoTpeHbl ciydau LEHTPaJbHOTO CXAaTHsl U PACTSXKEHUS OCTOHHBIX IPHU3M,
Cllyyail pacueTra MPOYHOCTU HOPMAIbHBIX CEUCHHUH Kene300€TOHHOM Oalku, pacdeTr Ha
poJaBIMBaHKE, PACUET MPOUYHOCTH HAKJIOHHOTO CEUEHUS KeJIe300€TOHHOU OaKH.

[Ipu paccMoTpeHnn JaHHBIX NPUMEPOB CIEAYET UMETh B BUAY cieayroliee. beton
OTJIMYAETCsl KpalHe CIOoXKHOM pabotoii. Eme Oonee crnoxxHo paboTaer xene300eToHHas
KOHCTpyKUHUs. OCHOBHYIO CIIO)KHOCTh MpEJCTaBiIsieT paboTa Marepuaina Iocie
o0pa3oBaHMsl TpEIIMH. JTO CBS3aHO C TEM, 4YTO OOpa3oBaHME TPELIMH B MaTepuale
BOCIIPUHUMAETCSI NPOrpaMMON KaK pa3pylIeHHE C IOCIEIYIOIEH OCTaHOBKOW CYeTa.
[ToaTOMYy OCHOBHOE BHUMaHHUE B JJAHHBIX IMPUMEPAX YAECIEHO MpHeMaM MOAECIMPOBAHUS
paboOThl KOHCTPYKUMH C TpemnHaMu. HekoTopble M3 HCHONb30BAHHBIX PACUETHBIX
IIPUEMOB  SIBJIAFOTCS. HENPUBBIYHBIMA. T€M HE MEHee, OHHU IO3BOJSIOT MOJIYy4YUTh
pe3yJIbTaThl PACUETOB, KOTOPBIE COOTBETCTBYIOT CBOay IIpaBun wim CHull.

B pacuerax wucnonp3oBana mojaenb Oetona J[lpykepa—Ilparepa nns Gerona
(Drucker—Prager Concrete). B paccMOTpeHHBIX 3adadax MapaMeTp JAWIaTallMd IpH
PACTSOKEHUU W COKaTHMM Mayio BIUSIET HA PE3yJIbTaThl PACUETOB U MOXKET MEHSThCS B

WUPOKUX mnpenenax. s apMarypbl MCIOJb30BaHA MOJIENIb KYCOYHO-JIMHEWMHOTO
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n3zotponHoro ympouneHuss (Multilinear Isotropic Hardening — MISQO). [ns Getona
UCTIONB30BaK 00BeMHBIE dmeMeHThl THma Solid185. Jlns apmarypsl MCTHONB30BajH
CTepXKHEBbIE 37eMeHThl Tuna Beaml188. Bo Bcex mpumepax HCHOIB30BaHbl pacyETHBIE
napaMmeTpsl Juisi OeTtoHa kiacca B25 mo mpounoct Ha cxatue. s mporosibHOTO
apMUpOBaHMSI TPHUHATHI pacueTHble mapameTpsl apMarypel A5S00, s monepedHoro
apmupoBanust — A240. Ha pucyHkax v B CKpUIITaX IPUMEPOB UCHOJIb30BaHbl CIEAYIOLINE
pa3MepHOCTH BEIMYUH

- cuel — B (H x107™);

- Haripspkerns — B (MIa x 10);

- pasMepsl 1 mepementenns — B (M x 107)

Pacuer 0eTOHHOM MPU3MBbI HA CKATHE U HA PACTSIZKEHHE

[lenp  pacuera — MOMy4YdTh JAuarpamMmy  AedOopMHpOBaHUS  O€TOHa,
COOTBETCTBYIOILYIO MPHUHATOM MOJETM MaTepuana. OTO IO3BOJISIET CPaBHUTh €€ C
HOPMAaTUBHBIMHM 3aBUCHUMOCTSIMH «G—€» U Y4YeCTb OCOOEHHOCTH paboThl MOJAEIU
Matepuana. s momydeHHsl MONHON 3aBUCHMOCTH «G—&», Harpy3Ka 3aJaeTcs B BHIC
[IEPEMELCHUIN BEPXHEN ITPAHU ITPU3MBL.

[Tpumep 1. PacyeT OeTOHHOM MPU3MBI HA CKATHE

/BATCH
WPSTYLE, ;s rrr/s,0

/FILNAME, prizma def minus

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\[jsa nocobmusa no pacueram\llpusma'
| === ppusaMma 3arpyxaercs mebopMauMaMM CXaTUs

/TITLE,prizma def minus
1%

/NOPR

KEYW, PR SET, 1
KEYW, PR STRUC, 1
KEYW,PR_THERM,O
KEYW,PR_FLUID,O
KEYW,PR_MULTI,O

/GO

I x

/PREP7
| *

| === obbeMHl U3 OeToOHa
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BLOCK,-5,5,0,50,-5,5,

ET,1,SOLID185 ! nmrmemeHTH OeToOHAa

| === I'PaHMYHBIE YCJIOBMA Ha HIXKHEN IIOBEPXHOCTM — 3anejika
DA, 3,UY,

! === ocTanbHHE YCIJIOBUA 3alallVM IIOCJIe paBGMBKVI

ddd=-0.5
! === cMelleHrEe BEepxXHEMV NOBEPXHOCTU IPU3ME

DA, 4,UY, ddd

| === HeJMHeNHBE]N OETOH - MaTepuaj 1 ===

! === cpolcTBa 0eTOHa - YOpyIue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete

Rc=145 ! IPOYHOCTL MNPM OIHOOCHOM CXaTUU
Rt=10.5 ! IPOYHOCTL NPM OIHOOCHOM pacCTIXEeHUU
Rb=Rc*1.5 ! NPOYHOCTHL HIPM OBYXOCHOM CXAaTUM
delta t=1 ! dilatancy factor tension

delta c=1 ! dilatancy factor compression

! nuHeMHOe YIIPOUHEHNME M Pa3YIIPOYHEHNEe

kappa cm=0.002 ! eps npm mocTmxeHuM RcC
kappa cr=0.0035*2 ! OpenesibH. €ps IOpPM OOHOOCH. CXaTUMU
omega ci=0.6 ! ypoOB. HampsSxX. NpM Hadajle yIpPOuYH.

! opu cxaTtum
omega cr=0.01 ! OCTaTOUHEI YyPOB. HAIPSX. IPU CXATUM
kappa tr=0.00015*2 ! === JlobaBuim nedbopmaumm

| === Qg HMucCHajgapluell BeTBU

omega tr=0.01 ! OCTaAaTOUHEM ypPOB. HaIpPSX. IPM PacCTIXeHUU

TB, CONCR, 1, ,,DP
TBDATA, 1,Rc, Rt,Rb

TB, CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB,CONCR, 1,,,HSD6
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TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr,kappa tr,omega tr
ALLSEL,ALL

| === pas3buBka OOBLEMOB Ha KOHEUHHE B3JIEMEHTE ===
| === HeJMHENHB) OeTOoH ===

| === oBweM 1 ===

VSEL,S,vOoLU , , 1
VATT,1, ,1,0

| === KOJIMUEeCTBO BJIEMEHTOB Ha pebpax
LESIZE, 1,5, , » + + + ,0
LESIZE,5,2.5, , , + + , ,0
LESIZE,10,2.5, , , , + , ,0

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 1

! === 3amanuM OOIMOJIHUTEJIbHEE TI'PaHUUHBEIE YCJIOBUA
! === B y3Jax

NSEL, S,LOC, X, 0
D,ALL, UX

NSEL, S, LOC, Z, 0
D,ALL,UZ

FINISH

| === pemeHune ===

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST,1000,10000,500

OUTRES, ERASE

OUTRES, ALL,ALL
NCNV,1,10,10000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH
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ANSYS

NODAL SOLUTION

R17.1
STEP=1 NOV 23 2017
SUB =83 21:10:46
TIME=.724244
Uy (BAVG)
RSYS=0

DMX =.365723
SMN =-.362122

f

I @2
-.362122 -.28165 -.201179 -.120707 -.040236
-.321886 -.241415 -.160943 -.080472

prizma def minus

Pucynok I1.1 — BepTukaibHble IepeMenICHUs] TPU3MBI IIPU CKATUU HA MOCJICAHEM IIare HaArpyKEeHUs
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ELEMENT SOLUTION

STEP=1

SUB =125
TIME=.2475

SY (NORVG)
RSYS=0

DMX =.124628
SMN =-145.002
SM¥ =-145.002

prizma def minus

Pucynok I1.2 — HaubGonpime cxuMarommye HanpsoKeHUs B TIPU3ME CTPOTO COOTBETCTBYIOT PACUCTHOMY COTIPOTHBIICHHIO
Oerona kJiacca B25
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ANSYS

R17.1

NOV 23 2017
2120928

ELEMENT SOLUTION

STEP=1

SUB =83
TIME=.724244
EPTOY (NOAVG)
RSYS=0

DMX =.365723
SMN =-.007243
SMX =-.007242

-.007243
-.007242

prizma def minus

Pucynok I1.3 — OTHOCHTENBHBIE BEPTUKAJIbHBIC epopMarii OeTOHA MPU3MBI Ha MTOCISAHEM IIare Harpy»KEHUsI COOTBETCTBYIOT
MpeaeIpHON BeTMUnHe, 3a1aHHOM B pacyeTHOM moaemu — 2 X 0,0035
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200
180
160
140
120
VALU 440
80
60

40

20

s . .3 . D | . -9
TIME

Pucynok I1.4 — 3aBUCUMOCTb HaNPSKEHU OT BEIMYHUHBI AepopMaliy (10 TOPU3OHTAIBHOM OCH OTJIOKEHA B YCIIOBHBIX €IMHUIIAX )
MIPY CKATUU JJIs1 TAaHHOM MOJENN
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[Tpumep 2. Pacuet 6€TOHHOM TPU3MBI HAa PACTSIKECHUE

/BATCH
WPSTYLE,,,,,,,,0

/FILNAME, prizma def plus

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\[js nocobusa no pacueram\llpusma'
| === pmpuaMa 3z3arpyxaercs nedopMauMAMU PACTIXKEHNS
/TITLE,prizma_def plus

| %

/NOPR
KEYW, PR SET, 1
KEYW, PR _STRUC, 1
KEYW, PR THERM, 0
KEYW, PR_FLUID, 0
KEYW, PR MULTI, 0
/GO

I %

/PREP7
1 x

! === oOpeMel M3 OeTOHAa

BLOCK,-5,5,0,50,-5,5,

ET,1,SOLID185 ! srnemeHTH OeTOHAa

! === r1paHMUHBE YCJIOBMS Ha HMWXHEM [NOBEPXHOCTM - 3alejika
DA, 3,UY,

! === ocTanbHbe YCIJIOBUA 3alallVM IIOCJIe paBGMBKM

ddd=0.025 | === pacTsaxeHHue
| === cCMelleHVEe BEepXHElN [NOBEPXHOCTM IIPMU3MEL
DA, 4,UY,ddd

! === cBolcTBa 0OeTOHa - YIOpyIue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete
Rc=145 ! IPOUYHOCTEL MNPM OIHOOCHOM CXaTUU
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Rt=10.5 ! IPOYHOCTL MNPM OOHOOCHOM pPacCTSIXEeHUU

Rb=Rc*1.5 ! NPOYHOCTEL MNPM IOBYXOCHOM CXaTUM
delta t=1 ! dilatancy factor tension
delta c=1 | dilatancy factor compression

! JMHeMHOe yINPpOYHeHMe U PpasylIpOoYHeHUEe

kappa cm=0.002 ! eps npu OOCTWXeHUU RC
kappa cr=0.0035*2 ! mpemesibH. €psS NpM OIHOOCH. CXaTumn
omega ci=0.6 ! ypoB. Hampsax. OpPM HavaJle YIPOUH.

! mpu cxaTum
omega cr=0.01 ! OCTaTOUHEI YyPOB. HaAIpSX. IPU CXaTUMU
kappa tr=0.00015*2 ! === JlobaBuimu nedbopmMaumU

| === Qg HMucHajaplell BeTBU

omega_ tr=0.01 ! OCTaATOUHHM YPOB. HAIPSX. IPU PaCTIXKESHUMU

TB,CONCR,1,,,DP
TBDATA,1,Rc,Rt,Rb

TB, CONCR, 1, ,,DILA
TBDATA, 1,delta t,delta c

TB, CONCR, 1, , ,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr, kappa tr,omega tr

ALLSEL,ALL

| === pa3buBka OOBEMOB Ha KOHEUHHE BJIEMEHTEl ===
| === HeJMHENHBN OeTOH ===

| === oBpeMm 1 ===

VSEL,S,VOLU , , 1
VATT,1, ,1,0

| === KOJIMUEeCTBO BJIEMEHTOB Ha pebpax
LESIZE, 1,5, , +» + + + +0
LESIZE,5,2.5, , , + + , ,0
LESIZE,10,2.5, , , , , + ,O

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 1

| === 3amanuM OONOJIHUTEJILHEE TPaHUUHHE YCJIOBUS
! === B yzJgax

NSEL, S, LOC, X, 0
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D,ALL, UX

NSEL, S, LOC, Z, 0
D,ALL,UZ

FINISH

! === pemeHue ===

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST, 1000,10000,100

OUTRES, ERASE

OUTRES, ALL, ALL
NCNV,1,10,10000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH



ANSY:

ELEMENT SOLUTION R17.

STEP=1

NOV 23 2017
SUB =12 21:43:18
TIME=.071781
SY (NOAVG)
RSYS=0

DMX =.001795
SMN =10.4651
SMX =10.4651

prizma def plus

Pucynox I1.5 — HauGosnbime pactsaruparoniue HanpspKeHUs B IPU3ME COOTBETCTBYIOT paCy€THOMY COMTPOTHBIICHUIO
Oerona kiacca B25
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125

1125

10

VALU

Pucynok I1.6 — 3aBUCMMOCTh HaNpsKEHUN OT BEJIMYUHBI AepopMalui (110 TOPU30HTAIBHON OCH OTJIOKEHA B YCIOBHBIX €IMHUIIAX )
IIPY PACTSKEHUM IS JAHHOW MOJEIN
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W3 npuBeneHHBIX rpaUKOB BHUIHO, YTO MpPU CKaTUM OETOH AePOpMHUpPYETCs
HEJIMHEWHO ¢ caMoro Havama. HauOounplime HampspKeHUsS COOTBETCTBYIOT 3aJaHHOMY
pacyeTHOMY  CONpOTHBICHUIO. llpu  nanpHEHIEM  yBEIWYEHUM  OTHOCHUTENBHBIX
aepopMaIiii MPOUCXOIUT pa3ylnpoyHeHHe (HUCHAaoas BETBb) HO JIMHEHHOMY 3aKOHY
B COOTBETCTBHUE ¢ BIOpaHHOU Moenbio HSD. OctaTouHoe HampsiKeHne U OTHOCUTENbHAs
nepopmaius, COOTBETCTBYIOIAs Hauyaldy ydacTka TIpaduka ¢  OCTaTOYHBIMHU
HaIPSHKEHUSIMU, COTJIACYIOTCS C MapaMeTpaM, IPUHATHIMHU B MOJIEIIH.

I[Ipu  pacTspkeHuu — MaTepuana  paboTaeT  ynpyro 10  HalpsDKEHHH,
COOTBETCTBYIOIIMX PACYETHOMY CONPOTUBIICHUIO NpH pacTsbkeHuu. llpu manpHelmem
pOCTe OTHOCUTENBHBIX Ae(opmannii MPOUCXOAUT pa3ynpoOUYHEHUE O JIUHEHHOMY 3aKOHY
C IapaMeTpaMH, IPUHATBIMU B paCUETHOM MOJIEIN MaTeprala.

Pacuer npo4YHOCTH HOPMAJILHOIO CEYCHUA KeJ1e300e TOHHOH 0aJIKH

[Ipy HEmOCpEICTBEHHOM HCIOJB30BAHUM KOHEYHO-3JIEMEHTHOM MOJEIU ¢
yKa3aHHbIMHM BBIIIE MOJEISIMH MaTEpUajoB Uil OETOHA U apMaTypbl, BBIYUCICHUS
MpeKpalaTcs Npu o0pa30BaHWM MEPBOM TPELIMHBI B CEpEIUHE MposieTa. JTO He
[IO3BOJISIET TOJYYNUTh HCTUHHYIO DPa3pyLIAOIIYI0 HArpy3Ky Uil KOHCTPYKLIMH, T.K. B
JNEUCTBUTEIBLHOCTH Oanka NpoAoJDKaeT padoTaTh IMOcie 00pa30BaHUS HOPMaIbHBIX
TPELIMH U TOJIBKO OTOM HACTYIAET pa3pyllICHHE.

JIy1st mosTydeHus HCTUHHOW pa3pyliaronieil Harpy3ku HeoOX0IUMO MPEyCMOTPETh
pacyeTHble Mephl ISl MPEAOTBPALICHUS MPEXKIECBPEMEHHOIO pa3pyIICHHUs] pPacyeTHOU
MOJEIIU. DTOTO MOKHO JOOUTHCSI COYETAHUEM ABYX CIEAYIOIIUX IPHUEMOB.

IlepBblii mpuem. HyXHO CHJIBHO 3aBBICUTH MpPEAEIBHBIE OTHOCHUTEJIBHBIC
nedopmarii 0eToHa NpU PaCTIKEHUU.

Bropoi npuem. Hy>xHO cMoenpoBaTh TpEWIMHBI B pacyeTHOU cxeMme. 1Ipu atom
B OKPECTHOCTH Ka)J0W TPELIMHbI OTHOCUTEIbHBIE AeOpMAalMKi PE3KO YMEHbIAIOTCS (Ha
KpasxX TPELIMHBl OHU PABHBI HYJIO, P YJIAJEHUU OT TPELIMHBI OHU Bo3pacTaror). 1 B
IIPOMEKYTKE MEXAY TPEUIMHAMU HE YCHEBAIOT BO3PACTH JI0 BEJIWYMHBI, BBI3bIBAOLLECH
pa3pyllieHre MaTepuaa Mnpu pacTsHKEHUH.

JInst yMeHbIIEHUsT TPYAOEMKOCTH MOXHO MCIIOJIB30BaTh 3TH JBa NpHEMa JUIIb Ha
HEOOJIBIIIOM YYaCTKE MOJICIIH.

[TapameTpsl MO/IENI OIPENEISAIOTCS CAEAYIOIINM 00pa3oM.
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Ecnu Bcst Mozenb coOupaercs M3 HENMHEMHBIX MAaTepuajoB U TpEllMHA B HeEH
MOJIETTUPYETCSI TOJIBKO B OJTHOM CPEIHEM CEYEHHUH, TO BBIMOIHIIOTCS MPOOHBIE paCcUYEThI C
YBEJIMUECHHUEM MPEACIIbHON OTHOCUTENbHOU Aedopmanivivi 6eToHa mpu pactskeHuu. [lpu
HEKOTOPOM 3HAUYEHUH HTOU JedopMalliy BeIHMUKHA MOTy4aeMOoi pa3pyaronieil Harpy3Ku
NepecTaHeT pearupoBaTh Ha U3MEHEHUE MpeNeIbHON OTHOCUTENBbHON nedopMaiuu. ITo
3HAYEHUE CIEAYET MPUHATH ISl OKOHYATENBHOTO pacyeTa.

AHaJIOTMYHO TOIOMpAETCs BEIUYMHA MPEACTbHON OTHOCHTENBHOW nedopmanuu
Opy MOJICTUPOBAHUM TPEIIMHBI HA HEOOJBIIOM HEJIMHEMHOM YYacTKe B CEpellhHe
IpoJieTa, KOIJa OCTaJbHAas 4acTh OajJkW MPUHUMAETCA JMHEHHO-ynpyrou. M3 Ttex xe
cooOpaxeHHI BBIOMpaeTcs JIMHA CaMOr0 HEIWHEHHOro ydacTKa WM IIar MEXIy
TPEIIMHAMU, €CIIM UX MOJEIUPYETCS HECKOIBKO MITYK MO JUTMHE OaJIKU. .

Jns  mpenoTBpamieHWsi HE MPEIyCMOTPEHHOTO pa3pylleHHUs UM CHUKEHUS
TPYJOEMKOCTH MOKHO COOpaTh pPACUETHYIO MOJENIb U3 JMHEHMHOro OETOHa, OCTaBUB
HEJIMHEWHBIM TOJIBKO HEOOJBIION y4acTOK B cepenuHe nposieta. Ha sToM HenuHelHOM
Y4acTKE TakXKe CleayeT CMOJEIMpPOBaTh TpelmuHy. Bce mnepeuncieHHble METObl
MOJICIUPOBAHUSL TIO3BOJISIIOT ~ TOJYYUTh MPUOJIUZUTEIBHO OJIMHAKOBBIC BEITUYUHBI
paspymaroiiei Harpy3ku. BeauuumHa nporu0oB npu NPUMEHEHUU ITHUX CIOCOO0O0B OyaeT
paznuyHoii. ITporu6d, cOOTBETCTBYIOMIMI peanbHOM KOHCTPYKIIMU MOKHO MOJYYUTh, €CIU
CMOJIENIpOBaTh OalKky B BHUJIE OTAEIBHBIX OOBEMOB, COCAMHEHHBIX KOHTAKTHBIMHU
CBA3SIMHU.

Hwxe npuseneno aa mpumepa. B mepBoM ciyuyae Bech O€TOH OalK MPUHST
HEJIMHEHHBIM. TpelmHa B cepeuHe MpoJieTa CMOAEIMPOBAaHA C MOMOUIBI0 KOHTAKTHOU
3agaun. Bo BTOpom ciydae O€TOH Oallku TPUHAT JIMHEHHBIM, 3a HCKIIOYCHUEM
HEOOJBIIOTO CpeAHEro YyuyacTka. TpelmmuHa Takke CMOJEIMpOBaHA C IOMOIIBIO
KOHTAaKTHOM 3a7auu. BO3MOXXHO MOAENIMPOBATh TPEIIMHY 3JIEMEHTAMU Majoil KECTKOCTH

C HOI[60p0M €€ IJIMHBI, KaK 5TO CACIIaHO HUKC OJI1 HAKIIOHHOI'O CCUCHMS.

[Tpumep 3. PacyeT NpoYHOCTH HOPMAJIBHOTO CEYEHUS KeNe300€TOHHOM Oaku mpu

MOACINPOBAHNHA BCEH KOHCTPYKIIUH HEJIMHEHUHBIMU 3JI€MECHTAMHU.

PaccuuThiBaeTcst 6ajika co ClaeIyolUMU CBOMCTBAMM

50



qutrHa 2,0 M;

BbICOTA MonepeyHoro ceuenus 0,2 m;

mupuHa nonepevnoro ceuenus 0,1 m;

0etoH B25 ¢ pacyeTHbIMU XapaKTepUCTUKAMH;

npoaoabHas apmatypa A500 ¢ pacueTHBIMU XapaKTePUCTUKAMM,
npozaoasHoe apmupoBanue 2d12 A500;

MpeIeNIbHAs PACTITUBAIOIIAS CUJIA B KAXKJIOM CTEPKHE 4920-102 xH
TOJIIKHA 3aUTHOTO ci1og 0,02 M (10 cepelMHbI apMaTyphbl);
npeenb bl n3rnbaromuit Moment 14363110 * kH M;
COOTBETCTBYIOIAS pacIpeaesieHHas 10 TUTOIIaIH

BepxHeil rpaHu Harpyska 2,873-10 " MIla;

BBICOTA C)KAaTOM 30HBI B MPEACIHPHOM COCTOSIHUH 6,78 1072 m.

()HHpaHHeIK)KOHHaMIHapHHpHOQ

/BATCH

WPSTYLEIIIIIIIIO

/FILNAME, norm sech contact 1 ! === HopMm. ceu. OaJku,

! === JIp-Tlp.concrete

! === 1lin HSD

! === KOHTaKTHad 3anada

! === ¢ 1 KOHTAKTHOM Iapou

=== ['DaHUUHEIE YCJIOBMA [NPUIJIOXEHHE K JIMHUAM

=== HaATrpPy3KM IIPMJIOXEHBEl K IIOBEPXHOCTAM

=== y3JIbl BJIEMEHTOB, OTHOCAlMECH K pPas3HEIM OOBEeMaM , CIUTH
=== KpOMe Y3JIOB B MeCTe KOHTaKTa

=== JCIOJIb3yeTCda MOomeJjib OeTOoHa B BUIOE

=== KOMOMHaluMM IOBYX MomeneM [pykepa-llparepa

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Isnsa nocobusa o
pacueTam\HopmanbHoe ceueHme\KoHTakT HOpM ceu\Bcsg OGajika HeJl OOMH KOHTakKT'

/TITLE,norm sech contact 1
| %

/NOPR

KEYW, PR_SET, 1
KEYW, PR STRUC, 1
KEYW, PR THERM, 0
KEYW, PR FLUID, 0
KEYW, PR MULTI, 0

/GO

I x

/PREP7

| %
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=== oBbwemMbl M3 OeToOHAa
BLOCK, 0,50,0,20,0,10,
BLOCK, 50,100,0,20,0,10,
BLOCK,100,150,0,20,0,10,
BLOCK, 150,200,0,20,0,10,

|=== TOUKM [JId NPOUYEPUMBAHMS APMATYPHHX CTEpPXHEMN

=== JIUMHUM apMaTYPHBIX CTEPXHEMN

LSTR, 34, 36

LSTR, 33, 35

! *

ET,1,S0OLID185 ! sjemMeHTH OeTOHa

| *

ET,2,BEAM188 ! D2JeMEeHTH apMaTypPh

| %

SECTYPE, 1, BEAM, CSOLID, kryg, O
SECOFFSET, CENT
SecoaTA,0.6,0,0,0,0,0,0,0,0,0,0,0

I === I'PaHMYHEBEIE YCJIOBUMA Ha JIMHMAX

DL, 46, ,UZ,
DL, 46, ,UY,

DL, 36, ,UX, ! cepenmHa
DL, 23, ,UX, ! cepenuHa
DL, 9, ,UZ, !
DL, 9, ,UY, ! kpas

|

|

| === 3aKkpernjieHre OT BpalleHUd BIOOJbL NIPOIOJILHOM OCHU
| === gmmuuii, rae OyOyT CTEpPXHEBHE DSJIEMEHTH,
| === pacCHOJIOXEHHEE BHYTPU OOBEMHEIX

DL, 49, ,ROTX,
DL, 50, ,ROTX,

|=== Harpy3ka Ha BEPXHIW0 [JIOCKOCTL Oajiku
ppp=2.873*2

SFA,4,1,PRES, ppp

SFA,10,1, PRES, ppp

SFA,16,1,PRES, ppp
SFA,22,1,PRES, ppp

! === HenMHeMNHBlM OETOH - MaTepuaj 1 ===



! === cponcTBa 6eToHa - YyIpyTue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete

Rc=145 ! NPOYHOCTHL IPM ONHOOCHOM CXaTUM
Rt=10.5 ! IPOYHOCTBL MNPU OOHOOCHOM pPacCTIXEeHUU
Rb=Rc*1.5 ! IPOYHOCTBL MNPM IOBYXOCHOM CXaTUM
delta t=1 ! dilatancy factor tension

delta c=1 ! dilatancy factor compression

! NuHeNHOe YHIPOUHEHME U PasylIpOUYHEeHMEe

kappa cm=0.002 ! eps npu nmocTmxeHuM RcC
kappa cr=0.0035*4 ! mpenesbH. €ps NpPM OOHOOCH. CXaTUU
omega ci=0.6 ! ypoB. HampsSx. [IpM Hadajle yIPOuYH.

! opu cxaTum
omega_ cr=0.99 ! OCTaAaTOUHHM YypPOB. HANPSX. OIPU CXaTUU
kappa tr=0.00015*10 | === JloGaBuau gebopMalnm

| === gpgng HucCHnajaolel BeTBU

BesmmumHy BEHOpaaM Tak, YTOOH paspylleHre [IPOM3OLIJIO II0 TPelMHe.
Ecam B34ATb MaJlIeHbKME NpenejibHele nedpopmaumu, TO IPU yOaJIeHUU
OT TpelwMHE OedpopMaluy M HANPAKEHMA B PACTAHYTOM OeTOHe OBICTPO
HapacTawnT M paspylleHue OyIeT He B TpellMHe, a B IOPpyI'OM MecCTe.
BHaueHMsa HOpelesibHEX JedopMalMy MOXHO HOomobpaThb M3 yCJIOBUS,
4TOOEl NPM IOallbHEMIEM yBEIMUEeHMM, pas3pylanlas Harpy3Ka

He MeHAJIach

omega_ tr=0.01 ! OCTAaTOYHEM ypPOB. HalNpsSX. IPM PacCTIXeHUN

TB, CONCR, 1,,,DP
TBDATA, 1,Rc,Rt,Rb

TB, CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB, CONCR, 1, , ,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr, kappa tr,omega tr

! === JuHeMVHB}M OETOH - MaTepuana 2 ===
| === MCIHOJIb3yeM, YTOOB He OBJIO ===
| === ©paspylleHssa Ha KOHLAX y OIop ===

MPTEMP, , sy 7 r1 4
MPTEMP, 1,0

MPDATA, EX,2,,300000
MPDATA, PRXY,2,,0.2
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MPTEMP, y s rrr 44
MPTEMP, 1, 0

MPDATA,EX, 3,,2000000
MPDATA, PRXY, 3,,0.3
TB,MISO,3,1,4,0
TBTEMP, 0

TBPT,,0,0
TBPT,,0.002066,4132.5
TBPT,,0.003,4350
TBPT,,0.025,4400

ALLSEL,ALL

| === paszbuBka OOBEMOB Ha KOHEUHHE B3JIEMEHTE ===
| === obBbeM 2 ===

VSEL,S,VOLU , , 2
vATT,1, ,1,0

! === KOJMUYEeCTBO BJIEMEHTOB Ha pebpax
LESIZE,24,2.5, , + , , + ,1
LESIZE,20,1, , , + ,+ ,» ,1
LESIZE,17,5, , + + + + ,1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 2

| === obbeM 3 ===

VSEL,S,VOLU , , 3
vATT,1, ,1,0

| === KOJMUEeCTBO 3JIEMEHTOB Ha perax
LESIZE,36,2.5, , , , , , ,1
LESIZE,32,1, , , , , , ,1

LESIZE, 29,5, , + + + + ,1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 3

| === ofmem 1 ===

VSEL,S,VvOoLU , , 1
VATT,2, ,1,0

! === KOJIMUeCTBO BJIEMEHTOB Ha pebpax
LESIZE,12,2.5, , , , , , .1
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LESIZE, 8,1, , , , , .,
LESIZE,5,5, , + + +

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 1

! === o0beM 4 =
VSEL,S,vOLU , , 4
VATT,2, ,1,0

| === KOJIMUECTBO 3JIEMEHTOB Ha pebpax
LESIZE,48,2.5, , , , ,+
LESIZE, 44,1, , , , , ,
LESIZE, 41,5, , , , +

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 4

paS@MBKa JIMHVM Ha KOHEUHHE BSJIEMEHTH

! JuHmusa 49 =
LSEL,S,LINE, ,49

LATT,3, ,2, , , ,1
LESIZE, 49,5, , , + + + .1
LMESH, 49

! === guHua 50 ===
LSEL, S, LINE, ,50

LATT,3, ,2, , , ,1
LESIZE,50,5, , +» + + + ,1
LMESH, 50

(apmatTypa)

| === cumBKa COBIaJapIMX y3JIOB PasHHX OOBEMOB U CTEPXHEN

! === BuoiOupaeM BCe Yy3JH,
NSEL, ALL

FLST,5,202,1,0RDE, 20
FITEM, 5, 32
FITEM, 5,-51
FITEM, 5,233
FITEM, 5,244
FITEM, 5, -262
FITEM, 5,466
FITEM, 5, -468
FITEM, 5,586
FITEM, 5, -642
FITEM, 5,1157
FITEM, 5,-1176
FITEM, 55,1387
FITEM, 55,1428
FITEM, 5,-1446
FITEM,5,1618
FITEM, 5,-1620
FITEM, 5,1684
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FITEM, 5,-1740
FITEM, 5, 4642
FITEM, 5,4683
NSEL,U, , ,P51X

NUMMRG, NODE, 0.001, , ,LOW

! Co3maHue KOHTaKTHOM IIaphl

CM, NODECM, NODE

CM, ELEMCM,ELEM

CM, KPCM,KP

CM, LINECM,LINE

CM, AREACM,AREA

CM, VOLUCM, VOLU

! /GSAV,cwz,gsav, , temp
MP,MU, 1,

MAT, 1

MP, EMIS,1,7.88860905221e-031
R, 3
REAL, 3

ET, 3,170
ET,4,174
RI3III1‘OI
RMORE, ,, 1.
RMORE, 0.0,
RMORE, 0,1.0,
KEYOPT, 4,4,0
KEYOPT, 4,5,0
KEYOPT, 4,7,0
KEYOPT, 4,8,0
KEYOPT, 4,9,0
KEYOPT, 4,10, 2
KEYOPT, 4,11,0
KEYOPT, 4,12,0
KEYOPT, 4,2,0

KEYOPT, 3,5,0

! Generate the target surface

ASEL,S,,,12

CM, TARGET,AREA

TYPE, 3

NSLA, S, 1

ESLN, S, 0

ESLL,U

ESEL, U, ENAME, ,188,189

NSLE,A,CT2

ESURF

CMSEL,S,_ELEMCM

! Generate the contact surface

ASEL,S,,,17

CM,_CONTACT,AREA

TYPE, 4

NSLA, S, 1

ESLN, S, 0

NSLE,A,CT2 ! CZMESH patch (fsk gt-40109 8/2008)
ESURF

ALLSEL

ESEL,ALL

ESEL, S, TYPE,, 3
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ESEL, A, TYPE, , 4
ESEL, R, REAL,, 3
! /PSYMB,ESYS, 1
/PNUM, TYPE, 1
! /NUM, 1
! EPLOT
ESEL,ALL
ESEL, S, TYPE,, 3
ESEL,A, TYPE, , 4
ESEL, R, REAL,, 3
CMSEL,A, NODECM
CMDEL, NODECM
CMSEL,A, ELEMCM
CMDEL, ELEMCM
CMSEL,S, KPCM
CMDEL, KPCM
CMSEL,S, LINECM
CMDEL, LINECM
CMSEL, S, AREACM
CMDEL, AREACM
CMSEL, S, VOLUCM
CMDEL, VOLUCM

! /GREg,cwz,gsav

CMDEL, TARGET
CMDEL, CONTACT

! xoHell OJiOKa CO3IOaHVsa KOHTAKTHOM I1apPEI

FINISH

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST, 100,1000,10

OUTRES, ERASE
OUTRES, ALL, ALL

NCNV,1,100,1000,100000,100000

TIME, 1

! /STATUS, SOLU
SOLVE

FINISH
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ANSYS

 ELEMENTS

R17.1

NOV 23 2017
ROT 19735315
NFOR
NMOM
RFOR
RMOM
PRES-N(Q

5.746

norm sech contact 1

Pucynok I1.7 — PacuetHas cxema Ganku
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ANSYS

ELEMENT SOLUTION R17.1

STEP=1 NOV 23 2017

SUB =57 19:48:25

TIME=.506711

SX (NOAVG)

RSYS=0

DMX =1.1855 AN§1Y7§
SMN =-187.892

NOV 23 2017
SMX =129.058 19:49:09

-187.892 -117.458 -47.025 23.4083 93.8415
-152.675 -82.2417 -11.8084 58.6249 129.058 -187.892 -120.801 -53.7109

13
-154.346 -87.2561 -20.1657
norm_sech contact_ 1

norm_sech_contact_1

Pucynok I1.8 — @parmenT Oanku B npeAebHOM cOCTOSHUM. BuiHa packpeitas TpemuHa. [IpeaensHas Harpyska coorsetctByet CII
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ANSYS

R17.1

NOV 23 2017
1985335

ELEMENT SOLUTION

STEP=1

SUB =57
TIME=.506711

SX (NOAVG)
RSYS=0

DMX =1.1855

SMN =-187.892
SMX =7.59617

4@ L]
-187.892 -144.45 -101.008 -57.5664 -14.1247
-166.171 1227129 -79.2873 -35.8456 7.59617
norm sech contact 1

Pucynox I1.9 — HopmanbHble HAPSIAKEHUS B 3JIEMEHTAX, PUMBIKAIOIINX K TPEIIUHE B MPEICIIbHOM COCTOSHUN
Bricora cxxartoii 30Hb1 cooTBeTcBYeT CII.Hanbomplme coxumaroniye HarpspKeHUs PeBhIaloT Ry M3-3a TpeXOCHOT0 HIPSHKEHHOTO

coctosiHusA. B cpenHem HampsikeHus B cxaToit 30He cooTBeTCTBYIOT CII. PacTaruparoiye HanpsbkeHUs: B 0€TOHE Ha KpasiX TPEIIUHbBI
PaBHBI HYJIIO, HO M3-32 OCOOEHHOCTEN I[BETOBOM MIKaJIbI M OBICTPOrO POCTA MPH YJAJIEHUU OT TPEIIUHbBI, OHU BBITJISIAT HEHYJIEBBIMH.
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ANSYS
ELEMENT SOLUTION

R17.1
STEP=1 NOV 23 2017
SUB =57 19:54:50
TIME=.506711
FX
RSYS=0
DMX =1.1855
SMN =-4917.23

~SMX =4917.23

MK
4@
-4917.23 -2731.79 -546.358 . 4.51
-3824.51 -1639.08 546.358 2731.79 4917.23

norm sech contact 1

Pucynok I1.10 — HanpsikeHust B pacTsIHyTO# apMaType B IPEeIbHOM COCTOSTHUU cOOTBeTCTBYIOT CIT
(4917-10* MIla no cpaBHenmio ¢ 4920-10 ‘MIla)



[Tpumep 4. PacyeT npoYHOCTH HOPMAJIBHOTO CEYEHUs Kene300€TOHHOM Oanku npu
MOJICIIUPOBAHUY BCEH KOHCTPYKITUU JTMHEHHBIMH SJIEMEHTAMU C HEOOIBIITNM HETMHEHHBIM

Y4aCTKOM B CCPCAMHC ITPOJICTA.

PaccuuThiBaeTcst 6asika w3 IPEabIAYIIEro IpUMeEpa.

/BATCH
| ====== /input,menust, tmp, "'
WPSTYLE/ rrrrrrir O

/FILNAME, norm sech sered nel 20 cont

=== HOpPM. ced. OaJKH,

=== Jlp-Illp.concrete, 1lin HSD

=== Bca 0OaJika JIMHEeMHas 3a MCKoUeHUeM cepenmHel (20 cwMm)
=== KOHTaKTHAas 3alada C 1 KOHTAKTHOM Iapou

=== ['DPaHUUHEIE YCJIOBMA NPUJIOXEHH K JIMHUAM

=== HaArUPYy3KU IPUJIOXEHH K IIOBEPXHOCTAM

=== y3Jibl 3JIEMEHTOB, OTHOCAIMEeCH K Pas3HEM oOBeMaM , CUMTEH
=== KpOMe y3JIOB B MeCTe KOHTaKTa

=== JCIOJIb3yeTCAa MOoIeJib OeTOHa B BuUIe

=== KOMOMHaluMM IBYX MomeneM [pykepa-llparepa

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Insa mocoBmus o
pacueTaMm\HopMmanbHuoe ceuenye\KoHTakT HOpM ceu\CepenmMHa HEJ OIMH KOHTAKT'

/TITLE,norm sech sered nel 20 cont
| %

/NOPR

KEYW, PR _SET, 1

KEYW, PR STRUC, 1

KEYW, PR_THERM, 0

KEYW, PR_FLUID, O

KEYW, PR MULTI, 0

/GO

I *x

/PREP7

| %

=== oBwemMBl U3 OeToOHAa

BLOCK, 0,50,0,20,0,10,

BLOCK, 50,100,0,20,0,10,
BLOCK,100,150,0,20,0,10,
BLOCK, 150,200,0,20,0,10,

=== TOUKM IJII NPOUYEPUMBAHMA aAPMATYPHBIX CTEpPXHEMN

K,33,0,2,2.5,
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K,34,0,2,7.5,
K,35,200,2,2.5,
K,36,200,2,7.5,

14

!=== JIMHUK apMaTyPHEX CTEPXHEN

LSTR, 34, 36

LSTR, 33, 35

!*

ET,1,S0OLID185 ! sjaemeHTH OeToOHAa

| %

ET,2,BEAM188 ! BJIeMeHTH apMaTypbl
| %

SECTYPE, 1, BEAM, CSOLID, kryg, O

SECOFFSET, CENT
SECDATA,0.6,0,0,0,0,0,0,0,0,0,0,0

| === I'PaHMYHBIE YCJIOBMA Ha JIMHMAX

DL, 36, ,UX, ! cepenuHa
DL, 23, ,UX, ! cepenuHa
DL, 9, ,UZ, !

DL, 9, ,UY, ! kxpasa

DL, 46, ,UZ, !

DL, 46, ,UY, !

| === s3akpenjieHye OT BpalleHVsS BIOOJIbL MNPOIOJILHOM OCU
| === guuHum, rvae OyOyT CTEepXHEBHE BJIEMEHTH,
| === pacrnoJIOXeHHEE BHYTPU OOBEMHEIX

DL, 49, ,ROTX,
DL, 50, ,ROTX,

|=== Harpyska Ha BEPXHIK IJOCKOCTL OaJIKu

Ppp=2.873*2 ! Bamanm HaATPy3Ky B 2 pasza 0oJiblle NPeleJIbHOM
! nna ynoBcTBa KOHTPOJIA
! mng OoJibllell TOYHOCTM MOXHO YTOUHMTH HATPY3KY

SFA,4,1,PRES, ppp
SFA,10,1,PRES, ppp
SFA,16,1,PRES, ppp
SFA,22,1,PRES, ppp

! === cponcTBa OeToHa - yIpyTue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete
Rc=145 ! OpoYHOCTE HNPM OONHOOCHOM CXaTUM

63



Rt=10.5 ! IPOYHOCTBL MNPM OOHOOCHOM pPacCTIXeHUU
Rb=Rc*1.5 ! NPOYHOCTL INIPM IOBYXOCHOM CXAaTUM

delta t=1.0 ! dilatancy factor tension

delta c=1 | dilatancy factor compression

! JMHeMHOe yINPpOYHeHMe U PpasylIpOoYHeHUEe

kappa cm=0.002 ! eps npu OOCTWXeHUU RC
kappa cr=0.0035*2 ! mpenmesbH. epsS NPU OIHOOCH. CXaTuwn
omega ci=0.6 ! ypoB. Hampsax. OpPM HavaJle YIPOUH.

! mpu cxaTum
omega cr=0.99 ! OCTaTOUHEI YyPOB. HaAIpSX. IPU CXaTUMU
kappa tr=0.00015*4 | mpemesbHaa eps PacCTAXEHMA C y4ETOM

! HucHnagawomem BeTBU

cmejyany no-ooJiblie, YTOOB NPM yHaJIEHUM OT TPEeMMHE
HalpsSXeHMsS B pPacTaHyToM OeTOHe He CJMIIKOM OBICTPO
HapacTans, T.K. IOPM 5TOM MOXET MNPOU3OUTHU
paspylleHye He IO TpeummHe, a COOKy OT Hee

omega_ tr=0.01 ! OCTaATOUHHM YPOB. HAIPSX. IPU PaCTIXKEHUMU

TB, CONCR, 1, ,,DP
TBDATA, 1,Rc, Rt,Rb

TB,CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB,CONCR,1,,,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr, kappa tr,omega tr

| === JmHelHB OETOH - MaTepuaj 2 ===
| === MCHOJIb3yeM, dYTOOBl He OBJIO ===
| === ©paspylleHssa Ha KOHLAX y OINop ===

MPTEMPI!IIII’I
MPTEMP, 1,0
MPDATA,EX,2,,300000
MPDATA, PRXY,2,,0.2

MPTEMP, ;v rrrry
MPTEMP, 1,0
MPDATA, EX, 3,,2000000
MPDATA, PRXY, 3,,0.3
TB,MISO,3,1,4,0
TBTEMP, 0
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TBPT,,0,0
TBPT,,0.002066,4132.5
TBPT,,0.003,4350
TBPT,,0.025,4400

| === pazbuBka OOBEMOB Ha KOHEUHHE BJIEMEHTEl ===
| === obpeM 2 ===

VSEL,S,VOLU , , 2
VATT,2, ,1,0

| === KOJIMUEeCTBO BJIEMEHTOB Ha pebpax
LESIZE,24,2.5, , + , , + ,1

LESIZE, 20,1, , , , + , ,1
LESIZE,17,5, , + + + + ,1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 2

| === obObeM 3 ===

VSEL,S,VOLU , , 3
VATT,2, ,1,0

| === KOJIMUeCTBO 2JIeMeHTOB Ha pe6pax
LESIZE,36,2.5, , + , , » ,1
LESIZE,32,1, , , , + , ,1

LESIZE, 29,5, , + + + + ,1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 3

| === obOBeM ===

VSEL,S,VOoLU , , 1
VATT,2, ,1,0

| === KOJMUEeCTBO 3JIEMEHTOB Ha perax
LESIZE,12,2.5, , , , , , .1

LESIZE, 8,1, , + + + , ,1

LESIZE,5,5, v + + + + 1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 1

| === oOmeM 4 ===

VSEL, S,VOLU , , 4
VATT,2, ,1,0

! === KOJIMUeCTBO BJIEMEHTOB Ha pebpax
LESIZE,48,2.5, , , , , , .1
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LESIZEI44I1I 4 4 4 4 4 Il
LESIZEI41/5/ 4 4 4 4 4 /1

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 4

! === paszbuBKa JMHMUM Ha KOHEUHEIE 3JIEMEHTH (apMmaTypa) ===

! === guHusa 49 ===

LSEL, S,LINE, ,49

LATT,3, ,2, , , ,1
LESIZE, 49,5, , , , ,+ , ,1
LMESH, 49

! === guuuma 50 ===

LSEL, S,LINE, ,50

LATT,3, ,2, 14 14 ,l
LESIZE,5OI5I 4 4 4 4 4 Il
LMESH, 50

! === MeHseM CBOMCTBa MaTepHuasla Ha HeJIMHEWHBEe
! === y IBYX BEPTUKAJILHHX CJIOEB BJIEMEHTOB
! === 0OKOJIO OCU CUMMeTPUM OaJiku

FLST,5,320,2,0RDE, 318
FITEM, 5, 9
FITEM, 5, -10
FITEM, 5,19
FITEM, 5, -20
FITEM, 5,29
FITEM, 5, -30
FITEM, 5, 39
FITEM, 5, -40
FITEM, 5,49
FITEM, 5, -50
FITEM, 5,59
FITEM, 5, -60
FITEM, 5, 69
FITEM, 5,-70
FITEM, 5,79
FITEM, 5, -80
FITEM, 5, 89
FITEM, 5, -90
FITEM, 5, 99
FITEM, 5,-100
FITEM, 5,109
FITEM, 5,-110
FITEM, 5,119
FITEM, 5,-120
FITEM, 5,129
FITEM, 5,-130
FITEM, 5,139
FITEM, 5,-140
FITEM, 5,149
FITEM, 5,-150
FITEM, 5,159
FITEM, 5,-160
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FITEM, 5,169
FITEM, 5,-170
FITEM, 5,179
FITEM, 5,-180
FITEM, 5,189
FITEM, 5,-190
FITEM, 5,199
FITEM, 5, -200
FITEM, 5,209
FITEM, 5,-210
FITEM, 5,219
FITEM, 5,-220
FITEM, 5,229
FITEM, 5,-230
FITEM, 5,239
FITEM, 5, -240
FITEM, 5,249
FITEM, 5, -250
FITEM, 5,259
FITEM, 5, -260
FITEM, 5,269
FITEM, 5,-270
FITEM, 5,279
FITEM, 5,-280
FITEM, 5,289
FITEM, 5,-290
FITEM, 5,299
FITEM, 5,-300
FITEM, 5,309
FITEM, 5,-310
FITEM, 5,319
FITEM, 5, -320
FITEM, 5,329
FITEM, 5, -330
FITEM, 5,339
FITEM, 5, -340
FITEM, 5,349
FITEM, 5, -350
FITEM, 5,359
FITEM, 5, -360
FITEM, 5,369
FITEM, 5,-370
FITEM, 5,379
FITEM, 5, -380
FITEM, 5,389
FITEM, 5, -390
FITEM, 5,399
FITEM, 5, -400
FITEM, 5,409
FITEM, 5,-410
FITEM, 5,419
FITEM, 5, -420
FITEM, 5,429
FITEM, 5, -430
FITEM, 5,439
FITEM, 5, -440
FITEM, 5,449
FITEM, 5, -450
FITEM, 5,459
FITEM, 5, -460
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FITEM, 5,469
FITEM, 5,-470
FITEM, 5,479
FITEM, 5, -480
FITEM, 5,489
FITEM, 5, -490
FITEM, 5,499
FITEM, 5, -500
FITEM, 5,509
FITEM, 5,-510
FITEM, 5,519
FITEM, 5,-520
FITEM, 5,529
FITEM, 5, -530
FITEM, 5,539
FITEM, 5, -540
FITEM, 5,549
FITEM, 5, -550
FITEM, 5,559
FITEM, 5, -560
FITEM, 5,569
FITEM, 5,-570
FITEM, 5,579
FITEM, 5, -580
FITEM, 5,589
FITEM, 5, -590
FITEM, 5,599
FITEM, 5,-600
FITEM, 5,609
FITEM, 5,-610
FITEM, 5,619
FITEM, 5, -620
FITEM, 5, 629
FITEM, 5, -630
FITEM, 5, 639
FITEM, 5, -640
FITEM, 5, 649
FITEM, 5, -650
FITEM, 5, 659
FITEM, 5, -660
FITEM, 5, 669
FITEM, 5,-670
FITEM, 5,679
FITEM, 5, -680
FITEM, 5, 689
FITEM, 5, -690
FITEM, 5, 699
FITEM, 5,-700
FITEM, 5,709
FITEM, 5,-710
FITEM, 5,719
FITEM, 5,-720
FITEM, 5,729
FITEM, 5, -730
FITEM, 5,739
FITEM, 5, -740
FITEM, 5,749
FITEM, 5, -750
FITEM, 5,759
FITEM, 5, -760
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FITEM, 5,769
FITEM, 5,-770
FITEM, 5,779
FITEM, 5, -780
FITEM, 5,789
FITEM, 5, -790
FITEM, 5,799
FITEM, 5, -802
FITEM, 5,811
FITEM, 5,-812
FITEM, 5, 821
FITEM, 5,-822
FITEM, 5, 831
FITEM, 5, -832
FITEM, 5, 841
FITEM, 5, -842
FITEM, 5,851
FITEM, 5, -852
FITEM, 5, 861
FITEM, 5, -862
FITEM, 5,871
FITEM, 5, -872
FITEM, 5,881
FITEM, 5, -882
FITEM, 5, 891
FITEM, 5,-892
FITEM, 5, 901
FITEM, 5,-902
FITEM, 5,911
FITEM, 5,-912
FITEM, 5,921
FITEM, 5,-922
FITEM, 5, 931
FITEM, 5, -932
FITEM, 5, 941
FITEM, 5, -942
FITEM, 5, 951
FITEM, 5,-952
FITEM, 5, 961
FITEM, 5,-962
FITEM, 5,971
FITEM, 5,-972
FITEM, 5, 981
FITEM, 5, -982
FITEM, 5, 991
FITEM, 5,-992
FITEM, 5,1001
FITEM, 5,-1002
FITEM, 5,1011
FITEM, 5,-1012
FITEM, 55,1021
FITEM, 5,-1022
FITEM, 5,1031
FITEM, 5,-1032
FITEM, 5,1041
FITEM, 5,-1042
FITEM, 5,1051
FITEM, 5,-1052
FITEM, 55,1061
FITEM, 5,-1062
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FITEM, 5,1071
FITEM, 5,-1072
FITEM, 5,1081
FITEM, 5,-1082
FITEM, 55,1091
FITEM, 5,-1092
FITEM, 5,1101
FITEM, 5,-1102
FITEM, 5,1111
FITEM, 5,-1112
FITEM, 5,1121
FITEM, 5,-1122
FITEM, 5,1131
FITEM, 5,-1132
FITEM, 5,1141
FITEM,5,-1142
FITEM, 55,1151
FITEM,5,-1152
FITEM, 5,1161
FITEM,5,-1162
FITEM, 5,1171
FITEM,5,-1172
FITEM, 5,1181
FITEM, 5,-1182
FITEM, 5,1191
FITEM, 5,-1192
FITEM, 5,1201
FITEM, 5,-1202
FITEM, 5,1211
FITEM, 5,-1212
FITEM, 5,1221
FITEM, 5,-1222
FITEM, 5,1231
FITEM, 5,-1232
FITEM, 5,1241
FITEM, 5,-1242
FITEM, 5,1251
FITEM, 5,-1252
FITEM, 5,1261
FITEM, 5,-1262
FITEM, 5,1271
FITEM, 5,-1272
FITEM, 5,1281
FITEM, 5,-1282
FITEM, 5,1291
FITEM, 5,-1292
FITEM, 5,1301
FITEM, 5,-1302
FITEM, 5,1311
FITEM, 5,-1312
FITEM, 5,1321
FITEM, 5,-1322
FITEM, 5,1331
FITEM, 5,-1332
FITEM, 5,1341
FITEM, 5,-1342
FITEM, 5,1351
FITEM, 5,-1352
FITEM, 5,1361
FITEM, 5,-1362
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FITEM, 5,1371
FITEM, 5,-1372
FITEM, 5,1381
FITEM, 5,-1382
FITEM, 5,1391
FITEM, 5,-1392
FITEM, 5,1401
FITEM, 5,-1402
FITEM, 5,1411
FITEM, 5,-1412
FITEM, 5,1421
FITEM, 5, -1422
FITEM, 5, 1431
FITEM, 5, -1432
FITEM, 5, 1441
FITEM, 5,-1442
FITEM, 5,1451
FITEM, 5,-1452
FITEM, 5,1461
FITEM, 5,-1462
FITEM, 5,1471
FITEM, 5,-1472
FITEM, 5, 1481
FITEM, 5,-1482
FITEM, 5,1491
FITEM, 5,-1492
FITEM, 5, 1501
FITEM, 5,-1502
FITEM, 5,1511
FITEM, 5,-1512
FITEM, 5,1521
FITEM, 5,-1522
FITEM, 5,1531
FITEM, 5,-1532
FITEM, 5,1541
FITEM, 5,-1542
FITEM, 5,1551
FITEM,5,-1552
FITEM, 5,1561
FITEM, 5,-1562
FITEM, 5,1571
FITEM,5,-1572
FITEM, 5,1581
FITEM, 5,-1582
FITEM, 5,1591
FITEM, 5,-1592
ESEL,S, , ,P51X

MPCHG, 1,ALL,

| === cumBkKa CcoOBIaJapIMX y3JIOB PasHHEX OOBEMOB U CTEPXHEN
| === BrOupaeM BCe y3Jibl, a B CpeIHEM CeUeHMUM - TOJIbKO BepXHUEe

NSEL, ALL

FLST,5,202,1,0RDE, 20
FITEM, 5, 32

FITEM, 5,-51

FITEM, 5,233
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FITEM, 5,244
FITEM, 5, -262
FITEM, 5,466
FITEM, 5, -468
FITEM, 5,586
FITEM, 5, -642
FITEM, 5,1157
FITEM, 5,-1176
FITEM, 55,1387
FITEM, 5,1428
FITEM, 5,-1446
FITEM,5,1618
FITEM, 5,-1620
FITEM, 5,1684
FITEM, 5,-1740
FITEM, 5, 4642
FITEM, 55,4683
NSEL,U, , ,P51X

NUMMRG, NODE, 0.001, , ,LOW

! Co3maHMe KOHTAKTHOM I1apkl

CM, NODECM,NODE

CM, ELEMCM,ELEM

CM, KPCM,KP

CM, LINECM,LINE

CM, AREACM,AREA

CM, VOLUCM, VOLU

! /GSAV,cwz,gsav, , temp
MP,MU, 1,

MAT, 1
MP,EMIS,1,7.88860905221e-031
R, 3
REAL, 3

ET, 3,170
ET,4,174
RI3III1’OI
RMORE, ,, 1.
RMORE, 0.0,
RMORE, 0,1.0,
KEYOPT, 4,4,0
KEYOPT, 4,5,0
KEYOPT,4,7,0
KEYOPT, 4,8,0
KEYOPT, 4,9,0
KEYOPT, 4,1
KEYOPT, 4,1
KEYOPT, 4,12,
KEYOPT, 4,2,0

KEYOPT, 3,5,0

! Generate the target surface
ASEL,S,,,12

CM, TARGET, AREA

TYPE, 3

NSLA, S, 1

ESLN, S, 0

ESLL,U

ESEL, U, ENAME, ,188,189
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NSLE,A,CT2
ESURF
CMSEL,S,_ELEMCM
! Generate the contact surface
ASEL,S,,,17
CM,_CONTACT,AREA
TYPE, 4
NSLA, S, 1
ESIN, S, 0
NSLE,A,CT2 ! CZMESH patch (fsk gt-40109 8/2008)
ESURF
ALLSEL
ESEL,ALL
ESEL, S, TYPE, , 3
ESEL,A,TYPE, , 4
ESEL,R,REAL,, 3
! /PSYMB,ESYS, 1
/PNUM, TYPE, 1
! /NUM, 1
! EPLOT
ESEL,ALL
ESEL,S,TYPE,, 3
ESEL,A,TYPE, , 4
ESEL, R, REAL, , 3
CMSEL,A, NODECM
CMDEL, NODECM
CMSEL,A, ELEMCM
CMDEL, ELEMCM
CMSEL, S, KPCM
CMDEL, KPCM
CMSEL,S,_LINECM
CMDEL,_LINECM
CMSEL,S,_AREACM
CMDEL,_AREACM
CMSEL, S, VOLUCM
CMDEL,_VOLUCM
! /GRES, cwz, gsav
CMDEL, TARGET
CMDEL, CONTACT

! xoHel OJiOka CO3OaHMS KOHTAKTHOM I1aphbl

FINISH

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST,100,1000,0

OUTRES, ERASE

OUTRES,ALL,ALL
NCNV,1,100,1000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH
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1 ANSYS
NODAL SOLUTION

R17.1
STEP=1 NOV 23 2017
SUB =61 20:05:24
TIME=.508134
Uy (AVG)
RSYS=0

DMX =.559627
SMN =-.559522

==559522 -.435184 -.310846 -.186507 -.062169
-.497353 -.373015 -.248677 -.124338 0

norm sech sered nel 20 cont

Pucynoxk I1.11 — BepTukanbHble nepeMeIieHus: Oaiaky nepes pa3pylneHueM
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ANSYS

NODAL SOLUTION
MN R17.1

-268.958 -171.357 -73.7561 23.845 121.448
-220.158 -122.557 -24.9555 72.6456 170.247

norm_sech_sered nel 20_cont

ANSYS

R17.1

Nov 23 2017
20:11:34

-268.958 -169.619 70.2796 29.0599 128.399
-219.289 -119.949 -20.6098 78.7296 178.069

norm_sech_sered nel 20_cont

Pucynok I1.12 — ®dparMeHT cpeaHeit yacTu O0anku B MPEeIbHOM COCTOSIHUU.

Bonpuine HanpspkeHUsl HAXOASATCS B yIIPYTOM YacTH MOJETN
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ANSYS
ELEMENT SOLUTION R17.1
STEP=1 Nov 23 2017
SUB =61 20:08:16
TIME=.508134
SX (NOAVG)
RSYS=0
DMX =.559627
SMN =-198.201
SMX =5.81787

L ==
-198.201 -152.863 -107.526 -62.1883 -16.8508
-175.532 -130.194 -84.857 -39.5195 5.81787

norm_sech_sered _nel 20_cont
Pucynok I1.13 — Cioli 31€MeHTOB, IPUMBIKAIOIINAN K TpeluHe. Bee mapameTpsl

cooTBeTCTBYIOT CII ¢ yueroM 3amedanuii K MpeabIAyIed MOIEIIN

ANSYS

ELEMENT SOLUTION R17.1

STEP=1 NOV 23 2017
SUB =61 20:12:46
TIME=.508134

FX

RSYS=0

DMX =.559627

SMN =-4917.98

SMX =4917.98

L — D—
-4917.98 -2732.21 -546.442 1639.33 3825.09
-3825.09 -1639.33 546.442 2732.21 4917.98

norm sech sered nel 20 _cont

Pucynok I1.14 — Ycunus B pactsinytoi apmatype cootBercTByeT CII

N3 npuBeAeHHBIX PUCYHKOB BHUIHO, YTO BBICOTA CXKATOW 30HBI, HANPSHKCHUS B
C)KaToM OETOHE, YCHJIMS B PacTSIHYTOM apMaType COOTBETCTBYIOT TEOPHUH Kelle300eToHa
(u CII). IlpeBsimieHrs pacueTHOTO COMPOTUBIICHUSI OETOHA B CXKATOM 30HE TI0 CPABHEHUIO
¢ CII oOBsicHSETCS BIMSHUEM OOBEMHOTO HAIPSHKEHHOTO cocTosiHuA. Hampsokenus B
OeToHEe KpaeB TPEIIMHBI 0TOOPAXKAIOTCS HA PUCYHKE Kak HeHYyJeBble. B neiicTBuTeNhbHOCTH

OHM BBIYMCIIEHBI BepHO. Takoe 0ToOpa)K€HUE CBSI3aHO C LIBETOBOM IIKAJIOW MPOTpPamMMBbl,
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T.K. B JAHHOE€ IIBETOBOE OKOIIKO IIKAJIbI MOMAJA0T HANIPSKEHUSI U Ha KpasiX TPELIUHBI, U
Ha HEKOTOPOM yJIaJIEHUHU OT KPAEB.
Pacyer Npo4YHOCTH HAKJIOHHOTO CeYeHUS Ke1e300eTOHHOM 0aJIKu

Pacdyer mnpOYHOCTH HAKJIOHHBIX CEYEHUH HMMEET HECKOJIbKO OCOOEHHOCTEH,
KOTOpbIE HEOOXOAMMO pPACCMOTPETh MEpeA NpOBEIEeHHEM pacyeTa. B aeiicTByromem
Csoge npasui (CIT 63.13330.2012) popmyiia, onpeaenstonias npeaesibHy0 MONepeyHyI0
CUIIY, BOCIIPUHUMAEMYIO OCTOHOM B HAKJIOHHOM CEYEHHM OalKH, YKa3bIBa€T HA TO, YTO
pa3pyllieHHe MPOUCXOAUT Kak OyaTo OT oOpa3oBaHMsl HAKJIOHHOM TpeuuHbel. B
JICHUCTBUTENHFHOCTH, KaK CIEAYeT U3 OMBITHBIX JAaHHBIX, CHayalla 00pa3yeTcss HaKIOHHas
TpELIMHA, TOCJIE 3TOr0 MPHU YBEIMYEHUHN HArPY3KHW KOHCTPYKLHMS MPOJOJHKAET paboTaTh €
TPELIMHOM, a 3aTeM NIpPHU JAIbHEHIIEM YBEIWYEHUHU HArpy3Ku MPOUCXOJIUT pa3pylICHUE
13-3a pa3poOIieHust O€TOHA Ha/l TPEIIUHOM.

[ToaToMy i1 TOJIy4eHHS] TPABWIBHBIX PE3YyJIbTATOB HEOOXOIUMO J10paboTaTh
Mmozens CII u cMmomenupoBaTh HMEHHO JTOT MeXaHu3M paszpyuieHus. I[lombiTku
MCIIOJIB30BATh JIJIs1 TAKOTO MOJIEIMPOBAHMS IPOCTO MACCUB M3 HETMHEHWHBIX 3JIEMEHTOB HE
MPUBOIAT K ycrexy. Tak ke He yJaeTcs MOJIy4YUTb YIOOBJIETBOPUTEIBHBIE PE3YJIbTAaTHI,
€CJIM CMOJIEIMPOBATh PACUETHOE HAKIIOHHOE CEYEHUE C MOMOUIbI0 KOHTAKTHOM 3a1auu, B
KOTOPOH IJIOCKOCTh KOHTAKTa PacIoiokeHa HAKJIOHHO.

Xopomue pe3ylbTaThl YAAETCA IOJYyYHUThb, €CIH CMOJEIHUPOBATH HAKIOHHYIO
TPEIIMHY YNPYTUMH DBJIEMEHTaMH MaJloil »KecTKocTu. llpu 3TOM HaAA0 NpaBUIIBHO
HA3HAYUTh JUIMHY TPEIIMHBI U, COOTBETCTBEHHO, BBHICOTY CJIOS OCTaBIIErocs OETOHA HaJl
TpemMHOU. J{ns pemieHust 3ToM 3agaud oOpaTUM BHUMAHUE HA CIEAYIOLIMNA OIBITHBIN
¢akT. Ilocne BOZBHUKHOBEHUS! HAKIOHHON TPEIIMHBI U MPU JajJbHEHIIEM POCTE HAarpy3Ku
ee JUIMHA MpaKTUYeCKHh He MeHseTcs. Kpome Toro, TpelmHa He SBISIETCS CTPOro
HakKJIOHHOW. Ee BepxHss 4yacTh HEMHOro 3arufaercs, NpUOIMKasCh K TOPU3OHTAIIH,
cienysi TPU ATOM TPACKTOPUHU TJIABHBIX HarpspkeHud. Takum oOpa3oM, BbICOTa CIIOS
OeToHa HaJa TPEHNIMHOW B MOMEHT pa3pylieHHus MOXET OBbITh NPHHITOW paBHOU
COOTBETCTBYIOIIEH BHICOTE B MOMEHT 00pa30BaHUsl TPEILIUHBI.

Jlnst ompenenieHus] TOMEPEYHOM CHIIBI, TPU KOTOPOW 00pasyercs HaKJIOHHAs
TpelrHa, MPUHUMAETCSl HECKOJbKO PpPAaCUETHBIX JIONYIIEHUW, MEPEeUUCICHHBIX ajee.
Haknonnas TpemmHa oOpa3yeTcss B pe3yJbTaTe OTphiBa HIDKHEW YacTu OeToHa (T.e.
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PaCIIOJIOKEHHOM HUYKE TPEIIUHBI) OT BEpPXHEM YacTu OeToHa (pacrojioKEHHOM BBIIIE
TpemuHbl). [loaTOMy BenwumMHA 3TOH CHJIBI MOXKET OBITH oOmpenencHa 1o ¢opMmye,
aHaJIOTUYHOU (popmyJie JJIs pacyeTa MpeaeabHON CUJTbI, BOCIPUHUMAEMON OCTOHOM MpH
MPOJABIMBAHUM C YYETOM YIjla HAaKJIIOHA PAcCUY€THOrO cedyeHusi (T.K. B 00OUX Ciydasx
MEXaHHU3M MOBPEKJCHUS MaTepuraia OJJMHAKOBBIN).
T.e.
Q,pey = Ryt -0-C,

TJe

Rpt — pacdeTHOE CONPOTUBIICHUE O€TOHA MPU PACTKCHUH;

b — mmpuHa ceueHus (A1 IPSIMOYTOJILHOTO CEUSHU);

C — mpoeknus HaKJIOHHOW TPEIIWHBI Ha TOPU30HTAITb.

[Tocne oOpa3zoBaHHsl TPEIIMHBI MOXKHO OMNPENCIUTh PACTATHUBAIOIIYIO CHIIY B
HIDKHEW apMmaType B OKPECTHOCTU TpEIIMHBL. [[1s 3TOro 1enecooOpa3Ho HUCIOIb30BaTh
dbepmennyo ananoruto. OOpa3oBaHuEe TPEIIMHBI HAYMHAETCS OT omnopksl. [loaTomy, eciau
rornepevyHasl Cujla MEHSeTCS MO JJIMHE Oajkh, B KadyecTBE pPacUETHON IPUHUMAETCS
BEJIMUMHA TOMEPEUYHONM CUJIBI Yy HIKHEro KOHIIA TpelIuHbl. PacTaruBaroinas cuia B

HIDKHEH apMaType Oaliku onpeiessieTcs ¢ MoMoIbio hepMeHHOM aHamoruu mno ¢Gopmysie:

N — Qmpew ,
tga

IJI€ 0L — YIoJl HAaKJIOHA TPEUIMHBI K TOPU3OHTAIIH.

beroH Haj BeplIMHOW TPELIMHBI OyJIET B CII0)KHOM HANpsyKEHHOM COCTOSIHUH, HO
MIPEUMYIIIECTBEHHO — CKaT. BpIcoTa 3TON CkKaToW 30HBI MOXKET OBITH ONpenesieHa M3
YCIJIOBHSI PaBHOBECHS MJIM METOJOM KOHEUHBIX 3JIEMEHTOB, KaK OMMCAHO J1aJIee.

HccnenoBanus moka3ainy, 4TO HEJMHEMHBIE MOJEIIM MaTepuaia, UCIOIb3yEMBIE B
ANSYS, naror Hammydinme pe3yibTaThl MPH OJHOOCHOM HAMPSHYKEHHOM COCTOSTHHM.
[ToaTOoMy s GOJIbLIEN TOYHOCTH 3a/1ayy Ha 3TOM 3Talle HaJo CBECTH K OJJHOOCHOH. DTO
MOXKHO CJieJlaTh, pacCMOTPEB OOpa30BaHME HOPMAJIbHOW TPEIIMHBI B CPEAHEM CEUCHHUH
Oanku (7151 COOMIOIEHHS 3aKOHA TUIOCKUX cedeHuid). [lpu 3ToM HeoOXoauMo Mmoa00paTh
TaKyl0 TOMEpPEYHYI0 Harpy3ky, 4ToObl B paccMaTpUBA€MOM CEUEHUU ObUT TOT Ke
M3rUOAIOMIUNA MOMEHT, YTO U B CEUEHUHU y BEPXHEro KOHIA TpeIlMHBL. [[nrHa TpemmHb

(BbICOTa OCTBAILIETOCS CJI0si O€TOHA HaJ TPEIIMHOM) ONpeIeNIeTCsl METOI0OM Mo00pa Mpu
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MOBTOPHBIX I€pecUeTax C MOCTENEHHBIM YMEHBIICHUEM BBICOTHI COXPAHUBILIETOCA CJIOS
6etona. [logOop 3akaHuMBaeTCS MPU JOCTIKCHWHM B MPOJOJIBHON apMaType yKa3aHHOU
BhbIIIE cHibI N.

[Tocne onpeaeneHus: BBICOTHI ClI0si O€TOHA HAJ TPEIIMHOM NEPEXO0IUM KO BTOPOMY
mary pemeHus 3a1a4u.

HenocpeAacTBEHHO MOJEIUPYEM HAKJIOHHYIO TpPEUIMHY, COOTBETCTBYIOIIYIO
BBIYHMCIICHHON BBICOTE CJIOS OETOHA HaJl BEPIIMHONW TPEIIMHBI M BBITIOJHIEM HEITUHEHHBIN
pacueT Ha MOJIHYIO Harpy3ky. PaspyiieHne KOHCTPYKIIUU TMPOUCXOIUT OT pa3apoOsICHUsS
0eToHa HaJ TPEIIMHON B YCIOBUAX CIOKHOTO HAIMpPsDKEHHOTO cocTosiHuA. Han Tpemunoit
U Cc OOKOB OT €€ BEpIIMHBI HAMpPSHKEHHUS OBICTPO MEHSIOTCA. beToH HaxoauTcs B
TPEXOCHOM HAaIPsLKEHHOM COCTOSHMHU. Kak BUJAHO M3 MPUBEIACHHBIX PUCYHKOB B ATOH
00J1acTH €CTh MeCTa ¢ OOJBIIMMH PACTATUBAIOIIMMU HAMPSKEHUSIMU (TTPEBBIIIAIONIUMU B
3 pa3za IMPOYHOCTh Ha PACTSHDKECHHE B OJHOOCHOM COCTOSSHUM) M MecCTa ¢ OOJBIINMH
CKUMAIOIITUMH ~ HaIPsDKEHUSAMHU  (MPEBBIMIAIONIAMHA ~ PACUETHOE COMPOTHUBIICHHE TPU

CXKaTH B OJJHOOCHOM HAITPSPKCHHOM COCTOSHHUM IIOYTHU B 2 pa3a).

[Ipumep 5. PacueT He apMUPOBAHHOTO HAKJIOHHOT'O CEYEHUS.
PaccunThIiBaeTCS HAKIOHHOE CEUYEHHE OalKd, PACCMOTPEHHOW B MPEIbIIYIINX
npumepax. B coorBerctBun ¢ CII mpenenbHass momepeyHas Cuila, BOCHpPUHUMAaeMas
6erornom Q,=2835-102 kH. COOTBETCTBYIOMAs pacTpe/ieIeHaas HArPy3Ka HA BEPXHIOH
rpanb Ganku 3.457-10" MIla. Ycuiane B pacTsiHYTOH apMaType B MOMEHT 0Opa3oBaHUs
HaKJIOHHOW TPEIIHMHBI MO0 PACCMOTPEHHOMY AJITOPUTMY pacyera 2100-10° xH. Bsicora

CHKATO 30HBI P pacyeTe BPYUHYIO [0 PACCMOTPEHHOMY anroputmy 1,44-107 m.

/BATCH
WPSTYLEIIIIIIIIO

/FILNAME, 001 otryv

=== BCcHa OBJIKaA ynpyras, €CTb TpellMHA

=== BMECTO HAaKJIOHHOM TpeUMHBE pacCMaTpMBaeM BEPTUKAJILHYIO
=== MOHeJIMPpYeM ee yIPpyI'MMM DJIEeMeHTaMM MaJlOM XeCTKOCTU
=== y BEepUMHB TPEUMVHE — HEeJIMHEWHEM YyYaCTOK

79



| === fajyika IOJIMHHALg,dYTOOB COOJIIIAJICS BaKOH IIJIOCKUX CeUeHUM
! === pacueTHOe CeueHMte paclojlaraeM CUMMETPUUHO,Tak
! === uTOOH OHO CTaJI0 HOPMAaJlbHBEIM

=== CHaudaJjla B 2TON 3alaude olpenejygeM NOONOOPOM
=== BBICOTY CXAaTO¥ SBOHH M3 YCJIOBUSA oDpaszoBaHMUI
HAKJIOHHOM TPEWMHEl IPU OTPHBE

=== gHaJIOI'MUYHO paspylEeHM’IO NIPpY NPpOoIaBJIMBaHUM,
=== HO M3 YCJIOBMHA HYXHOI'O YyCUJIMSI B apMaType

| === nopBupaeM IJIMHY TPEWMHE, [10Ka YyCUJIMe
! === B apMaType He CTaHeT PaBHHIM Q OTPEIBa

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Ina nocoBbuda Io
pacueraM\HakJIOHHOE ceueHue'

/TITLE, 001 otryv
! *

/NOPR
KEYW, PR SET, 1
KEYW, PR _STRUC, 1
KEYW, PR THERM, 0
KEYW, PR FLUID, 0
KEYW, PR MULTI, 0
/GO

I %

/PREP7
1 x

| === oBwemel U3 BeToHAa

BLOCK, 0,100,0,20,0,10,
BLOCK, 100,200,0,20,0,10,

| === ToukKkM IJId NPOUYEPUMBAHMSI apPMATYPHEIX CTEpPXHEM

K,17,0,2,2.5,

K,18,0,2,7.5,

K,19,200,2,2.5,

K,20,200,2,7.5,

| === JIMHUM apMaTyPHEX CTEpPXHEeN ===
LSTR, 17, 19

LSTR, 18, 20
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ET,1,SOLID185 ! omjemMeHTH OeTOHa U METaJIJIMUECKUX
| %

ET,2,BEAM188 ! 2JIeMEeHTH apMaTypPhl

| %

SECTYPE, 1, BEAM, CSOLID, kryg, O

SECOFFSET, CENT
secoaTApA,0.6,0,0,0,0,0,0,0,0,0,0,0

!===  ppaHMUHBIE YCJIOBUS

DL,11, ,UX ! cepenuHa
DL, 9, ,UY, !

DL, 9, ,UZ, ! kpasa
pL,22, ,UY, !

pL,22, ,U%Z, !

! === 3akpernjieHre OT BPAUleHMVS BHOOJIb IPOIOJILHOM OCU
! === jguHWUM, rvOe OYyOyT CTEPXHEBHE BJIEMEHTH,
! === pacroJIOXeHHEE BHYTPU OOBLEMHEIX

LSEL, S,LOC,Y, 2
DL,ALL, ,ROTX,

ALLSEL,ALL

=== HaT'Py3Ka Ha BEPXHIK IIJIOCKOCTb Banku

[IPOKJIALOK

prpp=0.84 ! Harpy3ka, OpM KOTOPOM B cepelMHe IpoJjieTa

! GajkM OJIMHOM 2 M, BOB3HMKAET MOMEHT,
! Kak B KOHIE HAKJIOHHOV TpPEIMHE

ASEL, S,LOC,Y, 20
SFA,ALL, 1, PRES, ppp

! === cponcTBa 6eToHa - yIpyTue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete
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Rc=145 ! IPOUYHOCTBL MNPM OOHOOCHOM CXaTuM
Rt=10.5 ! NPOYHOCTE MNPM OINHOOCHOM pPacTsIXEeHUM
Rb=Rc*1.5 ! NPOYHOCTE MNPM IOBYXOCHOM CXaTuUM

delta t=1.0 ! dilatancy factor tension

delta c=1.0 ! dilatancy factor compression

! JMHeMHOe yINpOYHeHMe U PpasylIpOoUYHeHUEe
kappa cm=0.002 ! eps npu OOCTWXeHUU RC

kappa cr=0.0035*10 ! mpemeJyibH. e€eps Npu OIJHOOCH. CXaTuu

omega ci=0.6 ! ypoB. HaOpsx. OPM Hadajle yNpOouH. IIPY CXaTUM
omega cr=0.01 ! oCcTaToOUHHEM YyPOB. HANPSX. OIPU CXaTUMU

kappa tr=0.00015*10 ! npenesipHas e€ps PaCTAXSHUSA

! mpenesnbHas eps BHOpasau OOJBIIOM, MHAUE MNPOUCXOIOUT
! He NpenyCMOTPEHHOE paspylleHMre

omega_ tr=0.01 ! OCTaATOUHHM YPOB. HAIPSX. IPU PaCTIKESHUMU

TB,CONCR,1,,,DP
TBDATA,1,Rc,Rt,Rb

TB, CONCR, 1, ,,DILA
TBDATA, 1,delta t,delta c

TB, CONCR, 1, , ,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr, kappa tr,omega tr

MPTEMP, , sy 774+
MPTEMP, 1,0
MPDATA,EX,2,,100
MPDATA, PRXY,2,,0.01

MPTEMP, y s 7774y
MPTEMP, 1,0
MPDATA, EX, 3,,2000000
MPDATA, PRXY,3,,0.3
TB,MISO,3,1,4,0
TBTEMP, 0

TBPT,,0,0
TBPT,,0.002066,4132.5
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TBPT,,0.003,4350
TBPT,,0.025,4400

| %

MPTEMPI!I!I!I!

MPTEMP, 1,0

MPDATA,EX,4,,300000

MPDATA, PRXY, 4, ,0.2

! === pasbuBKa O0OBEMOB Ha KOHEUYHHE BJIEMEHTE ===
! === JIMHEeNHB OeTOH ===

| === oBbpeMm 1 ===

VSEL, S,voLu , , 1
VATT, 4, ,1,0

| === KOJIMUEeCTBO B3JIEMEHTOB Ha pebpax
LESIZEI7I]-I ror r r IO

LESIZEISIII 4 4 4 4 4 IO
LESIZE,12,2.5, , , v + + ,0

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 1

| === obpeM 2 ===

VSEL, S,vOoLU , , 2
VATT, 4, ,1,0

| === KOJMUeCTBO 3JIEMEHTOB Ha perax
LESIZE,19,1, , , + + + ,O
LESIZE,20,1, , , , , , ,0
LESIZE,24,2.5, , , , , , .0

MSHAPE, 0, 3D
MSHKEY, 1
VMESH, 2

! === paszbuBKa JIMHUNM Ha KOHEUHEIE BJIEMEHTH (apMaTypa) ===

LSEL,S,LINE, ,25,26,1
LATT,3, ,2, , , ,1
LESIZE,ALL,1, , , , , , ,O
LMESH, ALL
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| === cosBpmaeM HEJIMHEeWHHM ydJacCTOK
| === Cc OOKOB B BEpXHEWM YacCTy TPEeIMHE

FLST,5,352,2,0RDE, 64
FITEM, 5, 1690
FITEM, 5,-1700
FITEM, 5, 1790
FITEM, 5,-1800
FITEM, 5, 1890
FITEM, 5,-1900
FITEM, 5, 1990
FITEM, 5, -2000
FITEM, 5, 3690
FITEM, 5, -3700
FITEM, 5, 3790
FITEM, 5, -3800
FITEM, 5, 3890
FITEM, 5, -3900
FITEM, 5, 3990
FITEM, 5, -4000
FITEM, 5, 5690
FITEM, 5,-5700
FITEM, 5, 5790
FITEM, 5, -5800
FITEM, 5, 5890
FITEM, 5, -5900
FITEM, 5, 5990
FITEM, 5, -6000
FITEM, 5, 7690
FITEM, 5,-7700
FITEM, 5, 7790
FITEM, 5,-7800
FITEM, 5, 7890
FITEM, 5,-7900
FITEM, 5, 7990
FITEM, 5, -8000
FITEM, 5, 9601
FITEM, 5,-9611
FITEM, 5, 9701
FITEM, 5,-9711
FITEM, 5, 9801
FITEM, 5,-9811
FITEM, 5, 9901
FITEM, 5,-9911
FITEM,5,11601
FITEM,5,-11611
FITEM,5,11701
FITEM,5,-11711
FITEM, 5,11801
FITEM, 5,-11811
FITEM, 5,11901
FITEM, 5,-11911
FITEM, 5,13601
FITEM, 5,-13611
FITEM, 5,13701
FITEM, 5,-13711
FITEM, 5,13801



FITEM, 5,-13811
FITEM, 5,13901
FITEM, 5,-13911
FITEM, 5,15601
FITEM, 5,-15611
FITEM, 5,15701
FITEM, 5,-15711
FITEM, 5,15801
FITEM, 5,-15811
FITEM, 5,15901
FITEM, 5,-15911
ESEL,S, , ,P51X

MPCHG, 1,ALL

! === CTHIKOBKAa COBIAaIanIMX Y3JIOB

ALLSEL,ALL
NUMMRG, NODE, 0.001

=== Co3maeM TpeumHy - nombupaeM ee IJMHY OO TeX I0p,
=== [0Ka CYyMMAapHHE yCUJIUS B apMaType He CTaHyT

=== paBHeMM 2100 KI'C, UTO COOTBETCTBYET YyCWUJIMIO,

=== BBIUMCJIEHHOMY IO OGepMeHHOW¥ aHaJlIoTUMu

! BrIOMpaeM DBJIEMEHTH TPEeUMHE

FLST,5,144,2,0RDE, 144
FITEM, 5,100
FITEM, 5,200
FITEM, 5, 300
FITEM, 5,400
FITEM, 5, 500
FITEM, 5, 600
FITEM, 5, 700
FITEM, 5, 800
FITEM, 5, 900
FITEM, 5,1000
FITEM, 5,1100
FITEM, 5,1200
FITEM, 5, 1300
FITEM, 5,1400
FITEM, 5, 1500
FITEM, 5, 1600
FITEM, 5,1700
FITEM, 5, 1800
FITEM, 5,2100
FITEM, 5,2200
FITEM, 5,2300
FITEM, 5,2400
FITEM, 5,2500
FITEM, 5,2600
FITEM, 5,2700
FITEM, 5, 2800
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FITEM, 5,2900
FITEM, 5, 3000
FITEM, 5,3100
FITEM, 5, 3200
FITEM, 5, 3300
FITEM, 5, 3400
FITEM, 5, 3500
FITEM, 5, 3600
FITEM, 5,3700
FITEM, 5, 3800
FITEM, 5,4100
FITEM, 5, 4200
FITEM, 5, 4300
FITEM, 5, 4400
FITEM, 55,4500
FITEM, 5, 4600
FITEM, 55,4700
FITEM, 5, 4800
FITEM, 5, 4900
FITEM, 5, 5000
FITEM, 55,5100
FITEM, 5, 5200
FITEM, 5, 5300
FITEM, 5, 5400
FITEM, 5, 5500
FITEM, 5, 5600
FITEM, 55,5700
FITEM, 5, 5800
FITEM, 5, 6100
FITEM, 5, 6200
FITEM, 5, 6300
FITEM, 5, 6400
FITEM, 5, 6500
FITEM, 5, 6600
FITEM, 5, 6700
FITEM, 5, 6800
FITEM, 5, 6900
FITEM, 5, 7000
FITEM, 5, 7100
FITEM, 5, 7200
FITEM, 5, 7300
FITEM, 5, 7400
FITEM, 5, 7500
FITEM, 5, 7600
FITEM, 5, 7700
FITEM, 5, 7800
FITEM, 5, 8001
FITEM, 55,8101
FITEM, 5, 8201
FITEM, 5, 8301
FITEM, 5, 8401
FITEM, 5, 8501
FITEM, 5, 8601
FITEM, 55,8701
FITEM, 5, 8801
FITEM, 5, 8901
FITEM, 5, 9001
FITEM, 5, 9101
FITEM, 5, 9201
FITEM, 5, 9301
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FITEM, 5, 9401
FITEM, 5, 9501
FITEM, 5, 9601
FITEM, 5, 9701
FITEM, 5,10001
FITEM, 5,10101
FITEM, 5,10201
FITEM, 5,10301
FITEM, 5,10401
FITEM, 5,10501
FITEM, 5,10601
FITEM,5,10701
FITEM, 5,10801
FITEM, 5,10901
FITEM, 5,11001
FITEM,5,11101
FITEM, 5,11201
FITEM, 5,11301
FITEM, 5,11401
FITEM, 5,11501
FITEM, 5,11601
FITEM,5,11701
FITEM, 5,12001
FITEM,5,12101
FITEM, 5,12201
FITEM, 5,12301
FITEM, 5,12401
FITEM, 5,12501
FITEM, 5,12601
FITEM,5,12701
FITEM, 5,12801
FITEM, 5,12901
FITEM, 5,13001
FITEM, 5,13101
FITEM, 5,13201
FITEM, 5,13301
FITEM, 5,13401
FITEM, 5,13501
FITEM, 5,13601
FITEM, 5,13701
FITEM, 5,14001
FITEM, 5,14101
FITEM, 5,14201
FITEM, 5,14301
FITEM, 5,14401
FITEM, 5,14501
FITEM, 5,14601
FITEM, 5,14701
FITEM, 5,14801
FITEM, 5,14901
FITEM, 5,15001
FITEM, 5,15101
FITEM, 5,15201
FITEM, 5,15301
FITEM, 5,15401
FITEM, 5,15501
FITEM, 5,15601
FITEM, 5,15701
ESEL,S, , ,P51X



ESLL,U ! yoanuiay M3 Habopa apMaTypy

MPCHG, 2,ALL

! moBaryigeM npu nondope

FLST,5,8,2,0RDE, 8
FITEM, 5,1900
FITEM, 5, 3900
FITEM, 5, 5900
FITEM, 5, 7900
FITEM, 5, 9801
FITEM, 5,11801
FITEM, 5,13801
FITEM, 5,15801
ESEL,S, , ,P51X

MPCHG, 2, ALL

! mocJyie 3TOTO pesyJbTaT IIOoJIydaeTCs MeHble HYXHOTO
! m3-3a TouHOCTM +/- 1 cM (IO pacueTy YacThb CeUYeHUd
! Ham TpemwMHOM HOJIXHa OBTH 1.44 cwMm)

ALLSEL,ALL

FINISH

| === pemeHune ===

/SOLU

NSUBST,100,1000,10

OUTRES, ERASE

OUTRES,ALL,ALL
NCNV,1,10,1000,100000,100000
TIME, 1

CNVTOL,F, ,0.01,2,1,
CNVTOL,M, ,0.01,2,1,

! /STATUS, SOLU
SOLVE
FINISH

| === pes3ynabTaTH ===
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ANSYS

R17.1

NOV 23 2017
16:29:38

001_otryv

Pucynox I1.15 — banka mocie moadopa BEICOTHI CIIOS 2JIEMEHTOB HaJ[ TPEITUHOMN

10 PACCMOTPEHHOMY AJITOPUTMY
ANSYS

ELEMENT SOLUTION R17.1

STEP=1 NOV 23 2017
SUB =41 17:04:01
TIME=.821255

FX

RSYS=0

DMX =.163523

SMN =-1000.95

SMX =1000.95
AKX

M
i

L ——

-1000.95 -556.083 -111.217 333.65 778.516

-778.516 -333.65 111.217 ’ 556.083 1000.95

Pucynok I1.16 — Ycunus B apMaType B MOMEHT TPELIMHOOOPA30BaHUs MOCTe

no100pa Mo pacCMOTPEHHOMY aJITOPUTMY

[Tocne omnpeneneHuss BBICOTHI €O OETOHA HaJ TPELIMHOW MEPEXOAUM K

MOJICTUPOBAHUIO OCHOBHOM YacTH 3aj1a4yHu.
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/BATCH
WPSTYLEI!I!I!IIO
/FILNAME, prodavl otryv upr 1

! YnpomeHHasa 3ajada -

! Bce ynpyroe, 0OeTOHHas TOPUI3OHTAJIbHaSA MPOCJIoMKAa
! B MecTe OTpHBa, OTpPHBAKIENCS YaCTU HeT

! Ynpyrue uacTu nejlaeM C HaudaJlbHEM E OeToHa

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Ina nocoBuda 1o
pacueTram\lponasiareaume \OTpPLB '

/TITLE,prodavl otryv upr 1

! *

/NOPR
KEYW, PR SET, 1
KEYW, PR_STRUC, 1
KEYW, PR_THERM, 0
KEYW, PR _FLUID, 0
KEYW, PR MULTI, 0

/GO

!*

/PREP7

!*

=== ofvemu (1/4 yacTb KOHCTPYKIIUM)

!=== xBazpaTHbEE B ILJlaHe OOBLEME
BLOCK,0,40,11,20,0,40, ! ynpyras BepxHssS YaCTb IIJIUTH
BLOCK,0,20,9,11,0,20, ! TOHKMI yNpyI'MM CJIOM
BLOCK,0,20,0,9,0,20, ! ynopyras HWXHSS YacCTb ILJIMTH
=== o6mpemMb, oOOpasywume I['-oOpaz3HEle B ILJIaHE TeJja
BLOCK,20,40,9,11,0,40, ! TOHKUNM HEJMUHEMWHHMN CJIOM
BLOCK,0,20,9,11,20,40, ! TOHKUNM HEJUHEMWMHHMN CJIOU
!*

ET,1,SOLID185 ! »remMeHTH OeTOHa

| %

=== [lpomaBiamBapmasg (OTpHBAaKIAS) HATPYy3Ka

=== Ha HUWXHME [IOBEPXHOCTU HEJIMHEMHEX OOBEeMOB
=== 9.45 xrc/cmMm2.

=== Harpys3kKy IOpMUKJIAILBaeM B 2 pasa OoJble
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! === 7.e. paszpylleHMe OOJDKHO IPOU3O0OUTU
! === npu Harpyske 0.5 oT npenesibHOM.

ASEL, S,AREA, ,21,27,6
SFA,ALL, ,PRESS,-9.45%*2

! === ppaHMUHBIE YCJIOBUS

| === 3akpenyigeM OT BEPTUMKAJILHEIX CMENEeHMVY HIKHIn IT'PaHb,

! === npumMbKamiyin K OIope
DA, 15,ALL,0
|

=== YCJIOBMA CHIMMETPUM B IIJIOCKOCTAX CHUMMETPNUN

ASEL, S, LOC, X, 0,
DA,ALL, UX, 0

ASEL, S,LOC, Z,0,
DA,ALL,UZ, 0

! === cpolcTBa 0eToOHa - YIOpyIue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete

Rc=145 ! NIPOYHOCTHL NPM OOHOOCHOM CXAaTUM
Rt=10.5 ! NIPoOYHOCTHL HPM ONHOOCHOM PAaCTSIXEeHUM
Rb=Rc*2 ! NPOYHOCTL MNPM OBYXOCHOM CXaTUM
delta t=0.3 ! dilatancy factor tension

delta c=1 ! dilatancy factor compression

| JuHelHOe YIPOUHEHME U PaslylIpOoUHEeHME
kappa cm=0.002 ! eps npm nmocTmxeHum RC

kappa cr=0.0035*2 ! mpemesibH. epsS OpPM OIOHOOCH. CXaTuu
! moBaBruiu medopMaluMy OJIS IIJIaBHOM
! Hucnanpamomel BeTBU

omega ci=0.6 ! ypoB. HampsSx. IpM Haudajle yOpPOdYH. IIpU
omega cr=0.99 ! OCTaTOUHEI YypPOB. HaAOpSX. IPU CXaTUU
kappa tr=0.00015*2 | mpemesbHasa eps pPacTAXKeHNA

! moBaBunm medbopmMalMi IJiS I[IJIABHOM
! Hucnapawoume BeTBU

91

CXaTunum



omega tr=1 ! OCTATOUHHM YyPOB. HANPSX. IPU PACTIXKESHUU
! T.e. NPMHANM IIJIACTUUYHOE pas3pylleHME OJid
! BHIPABHMBAHMSA I10JIS HaIPSXEeHUI

TB, CONCR, 1,,,DP
TBDATA, 1,Rc, Rt,Rb

TB, CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB,CONCR,1,,,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr,kappa tr,omega tr

| === JIMHEeVHBY - MaTepuaj 2 ===
| === pycnosbl3yeM Ijid NPEeIOTBPAalleHMS pa3pyleHUN

MPTEMPI/IIII’I
MPTEMP, 1,0
MPDATA,EX,2,,300000
MPDATA, PRXY,2,,0.2

| === pazbuBka OOBEMOB Ha KOHEUHHE B3JIEMEHTH ===
! pa3MepE B3JIEMEHTOB

LSEL, ALL
LESIZE,ALL,1, , , , + ,» ,0

| === cpoyicTBa 00BeMOB M paszbuBka

VSEL, S,VOLU, ,1,3,1
VATT,2, ,1 ! yopyrue oOBeMbl

VSEL, S,voLu, ,4,5,1
VATT,1, ,1 ! HeJVHEeMHBE OOBEME

! pasbuska

VSEL, S,VOLU, ,1,5,1
MSHAPE, 0, 3D
MSHKEY, 1

VMESH, ALL

! === cumpaeM y3JIHl PAa3HHEX ODOBEMOB, COXPaHASA pPas3pes3H,

! === 7ak, UTOOH OTpPHIBAEMAaS M OCTAaKMaACs YacTb OBUIM COEOVHEHE!
! === TOJNBKO MNPOCJIOMKOM¥ HEJIMHEMHEIX DBJIEMEHTOB

! cumBaeM y3JEl BEPXHUX (OCTAaKRMMUXCS) OOBEMOB

VSEL, S,vVOLU, ,1,3,1

NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW
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! cumBaeMm ys3JiEl OOBEMOB M3 HEJIMHEMHOT'O MaTepuala

VSEL, S,VOLU, ,4,5,1
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

! cumBaeM BepxHME Y3JE 00OBeMOB M3 HEeJIMHEeMHOT'O MaTepHuala
! ¢ y3JaMu BepXHUX yINpyI'ux oOBLeMOB

VSEL, S,VvOLU, ,1,4,3
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

VSEL, S,VvOLU, ,1,5,4
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

FINISH

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST, 100,1000,10

OUTRES, ERASE

OUTRES,ALL,ALL
NCNV,1,100,1000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH

ANSYS

ELEMENTS R17.1

MAT NOV 23 2017
17:25:21

002_nakl_tres_1_sloy

Pucynok I1.16 — Moaens 6anku ¢ HAaKJIOHHOM TPEIUHOM
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NODAL SOLUTION

ANSYS

R17.1
STEP=1 NOV 23 2017
SUB =49 17:27:47
TIME=
SX

-304.39
-225.526

002_nakl_tres_1_sloy

Pucynok I1.17 — IIpuonopHast yacTh OaiKu C HAKIOHHOW TPEUMHON B MPEIEIHLHOM

146.661

1
89.9321

COCTOAHHNHU (HOKaBaHBI IIPOOOJIBHBIC Haﬂpﬂ)KGHI/Iﬂ)

ANSYS
NODAL SOLUTION R17.1
STEP=1 NOV 23 2017
SUB =49 17:56:58
TIME=.595007
SX (ave)
RSYS=0
DMX =.426304
SMN =-405.154
SMX =7.02766
-405.154 -313.558 -221.962 -130.366 -38.7702
-359.356 -267.76 -176.164 84.5682 7.02766
002_nakl_tres_1_sloy
ANSYS
NODAL SOLUTION R17.1
STEP=1 NOV 23 2017
SUB =49 17:57:36
TIME=.595007
sY (AVG)
RSYS=0
DMX =.426304
SMN =-95.5213
SMX =30.6008
| Emmmeeee | ——
-95.5213 -67.4942 -39.4671 -11.4399 16.5872
-81.5078 -53.4806 -25.4535 2.57364 30.6008
002_nakl_tres_1 sloy

Pucynok I1.18 — I'opu3oHTaNbHBIE U BEPTUKAIbHBIE HOPMAJIbHBIE HAIIPSDKEHUS B

HEJIMHEWMHOM YyacT 0aJKku B OKPECTHOCTH HAKJIOHHOM TPEIIUHBI
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Pe3ynpTaT ompeneneHus MpenesbHONM HArpy3kd XOpolio cooTBeTcTByeT CBOAY

paBmI (TIOTPEITHOCTH OKOJI0 5%).

Pacuer mpo4HOCTH HAKJIOHHOIO CEYEHHUS IIPU HAIMYHMM IIONEPEYHOM apMaTypbl

BBITIOJTHSETCS IO TOMY K€ aJITOPUTMY, UTO U ISl CEUeHUsl 0€3 MOMEepEeUyHON apMaTyphl.

Pacyer miiuThbI Ha IPpOAABIMBAHHE

PaboTa >xene300€eTOHHON TIUIMTBHI TpPH MPOAABIMBAHUU TPHU TNPUOIMKEHUH K
MPEAEILHOMY COCTOSIHUIO OTJIMYAETCsl OOJIBIION CIOKHOCTHhIO. B O€TOHE IIUTHI B 30HE
MPOJaBIMBAHMs 00pa3yeTcsi MHOKECTBO TPEUIMH — HOPMAaJbHBIX U HakKJIOHHBIX. [locme
TOr0  MPOUCXOJUT  paspylieHue ¢  OOpa3oBaHMEM  XapaKTepHOW  MUpPaMMJIbI
MPOAABIMBAaHUA. [l TONMy4YeHHs NPAaBWIBHOTO 3HAYEHUS MPOJABIMBAIOIICH CHIIBI
HEOOXOUMO JAETaJbHO CMOJIEIMPOBaTh ATH MNOBpexAeHUs. OpHako cAenaTb 3TO
IIPAaKTUYECKH HE BO3MOXKHO. K coxaneHuro, Ipu OTPBIBE IO HAKIIOHHBIM IIOBEPXHOCTSIM (C
MOJEIIMPOBAHUEM MHUPaMUAbl TPOJABIMBAHUSA), HE yAaeTcd MOJYyYUTh pe3yibTar,
cootBercTByrommii Ceoxay Ilpasuin. [loaTomMy miig njaHHOrO BHAA pacdeTa NMpeuIaracrTcs
ynpoueHHbl noaxon. @opmyna Ceona [IpaBuit 11t BEIYMCICHUS 3HAYECHUS TPENEIBHON
CWJIbl, BOCHPUHUMAEMOI OETOHOM MpH MPOJABIMBAHUY, O3HAYAET, YTO PACCMATPUBAETCS
OTPBHIB HWIKHEH YacTH IUIMTHl OT BEPXHEW MO 00JIACTH, COOTBETCTBYIOIIEH MPOCKIIUU
IrpaHedl NMUpPaMHUIbI NPOAABIMBAHUSA HA TOPU3OHTANIb. [[03TOMYy B NPUBENEHHOM HWXKE
MPpUMEPE CMOJICIIMPOBAH CIIy4Yail TAKOTO OTPhIBA 10 TPAHUILIE, JIEKAIIEH B TOPU30HTAIIBHOU
MI0CKOCTH. YTOOBI MPEAOTBPATUTh HE MNPEAYCMOTPEHHOE pa3pyLIEHUE pacyeTHOU
MOJEJIU, OTPHIBAIOIIUNCA 00BEM U OCTAIOLIUICA 00bEM BBITTOJHEHBI YIIPYTUMH.

B naHHOMl Monenu cienyer yAeNuTh 0co00€ BHUMAHUE  yCTPAHEHHIO
HEIMPEAYCMOTPEHHBIX CKUMAIOMIMX HANPSHKEHU B 00JacTH OTpPbIBA. DTH HAINPSIKEHUS
PE3KO TOBBIIAIOT NPOYHOCTh HA PACTSIKEHUE, CO371aBasi 3-OCHOE HANPSKEHHOE
COCTOSIHME. DTO HCKa)kaeT pe3ysbTaThl. YTOOBI HE NOMYCTUTh YKa3aHHBIX HANpsKEHHM
CKaTHsl ClIeqyeT MPaBUJIBLHO 337aTh IPaHUYHbIEC YCIOBUSA (M MPOBEPUTH UX rpaduyecKu
MocJie OKOHYaHUs cueTa) U yOpaTh M3JIUIIHIOK JUIATAUI0 IPU PACTSKEHUU.

B o6mem ciydae, pe3ynbTarhl pelieHus TaHHOTO Kiacca 3a1ay (MpoAaBiIBaHUE)
OYEHb CHWJIBHO 3aBUCAT OT IMPUHATBIX NApaMETpOB JuilaTalld B COYETaHUH C
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OCOOEHHOCTSIMU TIOCTpOEHHUsI pacueTHOM Mozenu. [loaTomy mnpu pacuere peanbHOU
KOHCTPYKIIMM HY>KHO TMPEJIBAPUTEIIBHO BBINOJHUTh TECTOBBIE PACUEThl, B PE3YJbTATE
KOTOPBIX HEOOXOAMMO HCCIEAOBAaTh CTENEHb BIUSHHS JWJIATAllMU JJI1 KOHKPETHOMH

MOACIIN.
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[Ipumep 6. Pacuer Ha mpoaaBiIMBaHKE MO YIPOIIEHHON Moaenu 1

/BATCH
WPSTYLEI!I!I!IIO
/FILNAME, prodavl otryv upr 1

YHOpoleHHasa 3amjada —
BCe ymnpyroe, OeTOHHas I'OPM30OHTAaJIbHAA IPOCJIOMKAa
B MeCcTe OTpEIBa, OTpHBaDmeﬁCH JacTumM HeT

I
I
!
! Yopyrmue dyacTu mejlaeM C HaudaJIbHEM E ©OeToHa

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Isna mocobmus o
pacueTam\lponaraveaume \OTPLB '

/TITLE,prodavl otryv upr 1

!*

/NOPR
KEYW, PR _SET, 1
KEYW, PR_STRUC, 1
KEYW, PR_THERM, 0
KEYW, PR _FLUID, 0
KEYW, PR MULTI, 0

/GO

!*

/PREP7

!*

=== ob6pemu (1/4 UacTb KOHCTPYKLIMUMU)

!=== kxBagpaTHHE B IJIaHE OOBEMEH
BLOCK,0,40,11,20,0,40, ! ynpyras BepxHsSsS YaCTb IIJIMTH
BLOCK,0,20,9,11,0,20, ! ToHKUN yHPYI'MM CJIOM
BLOCK,0,20,0,9,0,20, ! yopyrasa HWXHSS YacTb ILJIMTH
!=== oObeMH, oOpaslywnume I'-obpasz3Hble B IJlaHEe TeJa
BLOCK,20,40,9,11,0,40, ! TOHKWUNM HEJUHEMWHHN CJIOU
BLOCK,0,20,9,11,20,40, ! TOHKUNM HEJUHEMWHHN CJIOU
!*

ET,1,SOLID185 ! srxemeHTH OeTOHAa

I x

! === IlpomaBimMBapmas (oTpuBaplas) Harpys3kKa
| === Ha HWXHME [IOBEPXHOCTMU HEJIMHEMNHEX OOBLEMOB
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=== 9.45 xrc/cM2.

=== HarpyskKy IpuKJaIbBaeM B 2 pa3a OoJible
=== T.e. paszpylleHye IOJIKHO MNPOU3OUTU

=== npu Harpyske 0.5 oT npenesbHOM.

ASEL,S,AREA, ,21,27,6
SFA,ALL, ,PRESS,-9.45%*2

! === ppaHMUHBIE YCJIOBUS

| === 3akpenyigeM OT BEPTMKAJILHEIX CMENEeHMVY HIKHIKO IT'PaHb,
! === npumMpKampiyin K OIope

DA,15,ALL, 0
! === YycCcJioBMu4A CMMMeTpMM B TIJIOCKOCTAX CMMMeTpMM

ASEL, S, LOC, X, 0,
DA,ALL, UX, 0

ASEL, S,LOC,7Z,0,
DA,ALL,UZ,0

| === cpoMcrBa 06eTOHa - yOpyIue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete

Rc=145 ! NIPOYHOCTHL HPM OOHOOCHOM CXAaTUM
Rt=10.5 ! NPOYHOCTE MNPM OINHOOCHOM pPacCTSIXEeHUU
Rb=Rc*2 ! IPOYHOCTBL MNPM IOBYXOCHOM CXaTUM
delta t=0.3 ! dilatancy factor tension

delta c=1 ! dilatancy factor compression

! MHEeNHOEe YINPOUYHEHME U pas3ylIpOodYHeHMre
kappa cm=0.002 ! eps npm mocTmxeHUM RcC

kappa cr=0.0035*2 ! mpenesbH. eps NpPM OOHOOCH. CXaTUU
! moBaBuiu nmedbopmMauuMy IJid IIJIaBHOM
! Hucnapamomel BeTBU

omega ci=0.6 ! ypoB. HampsSX. IpM Haudajle yOPOdYH. IIpU
omega cr=0.99 ! OCTaTOUHEI YypPOB. HaAOpSX. IPU CXaTUU
kappa tr=0.00015*2 | mpemesbHasa eps pPacTaXKeHMUA

! moBaBrwmiu medbopMaluMy IOJiS IIJIaBHOM
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! Hucnagjaomey BeTBU

omega_ tr=1 ! OCTATOUHHM YyPOB. HANPSX. IPU PACTIXKESHUU
! T.e. NPUMHAIM IJIaCTUUYHOE paspylleHMre IJisd
! BHIPABHMBAHMSA I10JIS HaIPSXEeHUN

TB,CONCR, 1,,,DP
TBDATA,1,Rc,Rt,Rb

TB, CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB,CONCR,1,,,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr,kappa tr,omega tr

| === JIMHEeVHBY - MaTepuaj 2 ===
| === pycnosbl3yeM Ijid NPEeIOTBPAalleHMS pa3pyleHUn

MPTEMP, y s rrr 44
MPTEMP, 1,0
MPDATA,EX, 2,,300000
MPDATA, PRXY, 2,,0.2

| === pazbuBka OOBEMOB Ha KOHEUHHE B3JIEMEHTH ===
! pasMeph BJIEMEHTOB

LSEL, ALL
LESIZE,ALL,1, , , , + ,» ,0

| === cpoyicTBa 00BeMOB M paszbuBka

VSEL, S,voLu, ,1,3,1
VATT,2, ,1 ! yopyrue oOBeMbl

VSEL, S,voLu, ,4,5,1
VATT,1, ,1 ! HeJMHEeMHBE OOBEME

! pasbuBka

VSEL, S,VOLU, ,1,5,1
MSHAPE, 0, 3D
MSHKEY, 1

VMESH, ALL

| === cumpaeM y3Jbl pPas3HLX OOBEMOB, COXPaHsasa pa3pes3H,
! === Tak, uUuTOOH OTpPHIBAEMaS M OCTAaKMaACs YacTb OBUIM COEOVHEHE!
! === TOJBKO MNPOCJIOMKOM HEJIMHEMHEIX DBJIEMEHTOB

! cumBaeM y3JBl BEPXHUX (OCTAaKUMXCS) OOBEMOB

VSEL, S,VOoLU, ,1,3,1
NSLV, S, 1
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NUMMRG, NODE, 0.001, , ,LOW
! cumBaeM y3JiEl OOBEMOB U3 HEJIMHEMHOT'O MaTepuala

VSEL, S,VOLU, ,4,5,1
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

! cumBaeM BepxXHME y3JEl OOBEMOB M3 HEJMHEMHOTO MaTepuala
! c y3JjaMM BEPXHUX YyIpyIux OOBEMOB

VSEL, S,VvOoLU, ,1,4,3
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

VSEL, S,VOLU, ,1,5,4
NSLV, S, 1
NUMMRG, NODE, 0.001, , ,LOW

FINISH

/SOLU
ANTYPE, O

ALLSEL,ALL

NSUBST,100,1000,10

OUTRES, ERASE

OUTRES,ALL,ALL
NCNV,1,100,1000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH
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VOLUMES
TYPE NUM

prodavl otryv upr_ 1

Pucynox I1.19 — Ynoponiennas Mmozens 11 pacyeTa Ha npojaaBiuBanue (1/4 qactob)

3amaya CBOAMUTCS K OTPBIBY CJIOS HEJIMHEWHBIX 3JIEMEHTOB OT YIPYroll YacTH.
[TosicHeHrs maHBI B CKPHUNTE 3a1a4i. Mojenb 9yBCTBUTEIbHA K BRIOPAHHBIM MTapamMeTpam
munatanud. be3 mombopa mapamerpoB muiataruu ommoOka gocturaet 20%. B manHOM

MOACIIN ITapaMCTPhI HO,[[OGpaHI)I 1 OIIMOKa COCTaBIISICT HECKOIBKO IIPOLICHTOB.

NODAL SOLUTION

STEP=1

SUB =24
TIME=.518302
SY (AVG)
RSYS=0

DMX =.058999
SMN =-23.379
SMX =26.1154

-23.379 -12.3802 -1.38149 9.61725 20.616
-17.8796 -6.88086 4.11788 15.1166 26.1154

prodavl_otryv_upr_1

Pucynok I1.20 — BepTukanbHble HaNPsDKEHUS B CIIOSX HETMHEHHBIX 3JIEMEHTax

IIPU OTPHIBE
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HecmoTpss Ha mnpaBuibHBIM pE3ysibTaT, IM0OJE HANPSKEHUM YPE3BBIYANHO
HEOJHOPOHOE.

[Tpumep 7. PacueT Ha npoaaBiIMBaHuE MO YIPOLIEHHOW Mojieu 2.

Mopgenps npeaenbHO ynpolieHa. 3ajadya CBEACHA K pa3pbiBY CIOEB HEIMHEHMHBIX
AJIEMEHTOB PAaBHOMEPHO paclpe/ieiecHHOM Harpy3koil. J[laHHass Mopenb HeE CTOJb

YYBCTBHUTCIIbHA K ITapaMeTpaM JUjiaTalru.

/BATCH
WPSTYLEIIIIIIIIO
/FILNAME, prodavl otryv upr 2

! prOMGHHaH 3allada — TOJIbBbKO T'OPM3OHTAJIbHadAd HpOCHOﬁKa
! B mMecTe OTPEIBA

/CWD, 'C:\Users\user\Documents\WORK\ANSYS work\Insa nocobusa 1o
pacueTam\lponarareaume \OTPLB '

/TITLE,prodavl otryv upr 2

! *

/NOPR
KEYW, PR _SET, 1
KEYW, PR_STRUC, 1
KEYW, PR_THERM, 0
KEYW, PR _FLUID, 0
KEYW, PR MULTI, 0

/GO

!*

/PREP7

!*

=== of6pemu (1/4 yacTb KOHCTPYKIIUM)

=== oOwpemrl, oOpaszywoume I'-oBbpasHEE B I[JlaHEe TeJa
BLOCK,20,40,9,11,0,20, ! TOHKWUNM HEJUHEMWMHLI CJIOU
BLOCK,0,20,9,11,20,40, ! TOHKWUNM HEJUHEMWHLI CJIOU
BLOCK,20,40,9,11,20,40, ! TOHKMM HEJMHEMHEM CJIOU
!*

ET,1,SOLID185 ! »jemMeHTH OeTOHa

| %

! === [lpomaBampapmas (OTpeEBaKmasg) HarpysKa
! === Ha HMWXHME [NOBEPXHOCTM HEJIMHEMHEIX O0OBEMOB
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=== 9.45 xrc/cM2.

=== HarpyskKy IpuKJaIbBaeM B 2 pa3a OoJible
=== T.e. paszpylleHye IOJIKHO MNPOU3OUTU

=== npu Harpyske 0.5 oT npenesbHOM.

ASEL, S,LOC,Y,9
SFA,ALL, ,PRESS,-9.45%*2

! === ppaHMUHBIE YCJIOBUS

! === 3akpenjigeM BEPXHI I'PaHb
! === OoT BepTMKAJIbLHBEIX CMEUeHUN;

DA, 10,UY, 0
DA, 4,UY, 0
DA, 16,UY, 0

| === YCIJIOBMA CUMMETPUM B IIJIOCKOCTAX CHMMETPUM

ASEL, S,LOC,X,0,
DA, ALL, SYMM

ASEL, S,LOC,7Z,0,
DA, ALL, SYMM

! === cporcTea 0OeToOHa - yIpyIrue

MP,EX,1,300000
MP,NUXY,1,0.2

! Base Drucker-Prager concrete

Rc=145 ! NPOYHOCTE NPM OIHOOCHOM CXaTUM
Rt=10.5 ! NPOYHOCTE MNPM ONHOOCHOM pPacCTSIXEeHUN
Rb=Rc*2 ! NIPOYHOCTE NpPM OBYXOCHOM CXaTUM
delta t=1 ! dilatancy factor tension

delta c=1 ! dilatancy factor compression

! JIuHelHOe YIPOUHEHME U pasylpOoUHeHMEe
kappa cm=0.002 ! eps npu nocTmxeHumM RcC

kappa cr=0.0035*2 ! mpenesibH. e€ps INpM OOHOOCH. CXaTUMU
! moBaBunu medbopmMaumMy IOJid IIJIaBHOM
! Hucnapamomel BeTBU

omega ci=0.6 ! ypoOB. Hampsx. IPM Hadajle YIPOdYH. IIpK
omega cr=0.99 ! OCTaTOUHEI YyPOB. HANPSX. IPY CXATUN
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kappa tr=0.00015*2 | mpemesbHasa eps pPacTAXeHNUA
! nmoBaBunm nedopMalMit OJiS IIJIABHOM
! Hucnapamomely BeTBU

omega_ tr=1 ! OCTaTOUHHM YPOB. HANPSX. IPU PaCTSIXEeHUU
! T.e. NpMHMMAaeM IJIaCTHUUHOE pa3pylleHUe
! OJia BHPaAaBHMBAHMSA II0JI HaNPSAXEeHUM

TB,CONCR,1,,,DP
TBDATA,1,Rc,Rt,Rb

TB, CONCR,1,,,DILA
TBDATA,1,delta t,delta c

TB, CONCR, 1, , ,HSD6
TBDATA, 1, kappa cm, kappa cr,omega ci,omega cr,kappa tr,omega tr

| === pazbuBka OOBEMOB Ha KOHEUHHE B3JIEMEHTH ===
! pa3MepE 3JIEMEHTOB

LSEL, ALL
LESIZE,ALL,Y, , , , , , ,0

| === cporicTBa 00BeMOB M paszbuBka

VSEL, S,VOLU, ,ALL
VATT,1, ,1

! pasbuska

VSEL, S,VOLU, ,ALL
MSHAPE, 0, 3D
MSHKEY, 1

VMESH, ALL

! === cumBaeM yB3JIEl PasHEIX OOBLEMOB (He 00sS3aTeJIbHO)
ALLSEL,ALL
NUMMRG, NODE, 0.001, , ,LOW

FINISH
/SOLU
ANTYPE, 0

ALLSEL,ALL

NSUBST,100,1000,10
OUTRES, ERASE
OUTRES, ALL, ALL

104



NCNV,1,100,1000,100000,100000
TIME, 1

! /STATUS, SOLU

SOLVE

FINISH

ELEMENTS

PRES-NORM

Pucynox I1.21 — O6muit Bug moxenu (1/4 9acTh)

ELEMENT SOLUTION
STEP=1
SUB =14
TIME=.56
sy (NOAVG)
RSYS=0

DMX =.404E-03
SMN =10.5126

SMX =10.5126

Pucynox I1.22 — PaBHOMepHOE 110J1€ OTPHIBAIOIINX HAMPSKEHUHN B TIPEACTIbEHOM

COCTOSHHHA
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