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V MEXAYHAPOAHbIA CUMIMO3UYM

VIIK 624.012.045
N.C. TOPHOCTAEB!, uux., H.B. KJTIOEBA!, 1-p Texn. nayk,
Ba.1. KOJIYYHOB?, 1-p Texn. Hayk, npod., I.A. AKOBEHKO?, kann. Texn. Hayk
! FOro-3ananuelii rocynapcTBeHHbIi yHuBepeuteT, . Kypck
2 HarmoHaNbHEI aBUALIMOHHBIN YHUBEpCHUTET, T. Kien

DEDOPMATUBHOCTb XXEJIE3OBETOHHbIX COCTABHbIX KOHCTPYKLINA
C HAKJTOHHbIMW TPELLWUHAMW

Tlocmpoena pacuemnas modens degpopmamugHocmu JHcene300emoHHbIX COCMABHBIX KOHCMPYKUUI Ha y4a-
CMKAX ¢ HAKAOHHbIMU MPEUUHAMU, ONUPAIOWASCS. HA NAMUONOUHYH) DACYEMHYIO CXEMY, 6KAUAIOUWYI0 Ha-
KAOHHbIe MPeujutbl PasnuHMHbIX MUN08 U PACHEMHYI0 cXeMy 6 aude eOuHu4HOU noaocku. Paspabomana pacuem-
Hasi MemoouKa 04s onpedenerus: 0eqrOpMamueHOCIU Hcene300emMoHHbIX COCIABHBIX KOHCMPYKUULL HA yHacm-
Kax ¢ HAKAOHHbIMU MPEUWUHAMU RPU YHeme YCA0BHbIX COCPEOOMOHEHHBIX COBU06 8 WEAX U 8 UEAX-MPEUUHAX,
HecoemecmHocmu deghopmauyuii 6emona u apmamypsl u ghexma HapyuweHus: CRAOUWHoOCMU OemoHa.

Karouegote caosa: jcene3obemontbie cocmagHsie KOHCMPYKUUU, 0edpopmMamueHocmy, HAKAOHHblE
MpeujuHbl, HapyueHue CnAOUWHOCIMU, PACHeMHAs CXeMd, YCA0BHbIe COCPeOOmoUeHHble COBU2U, UEbI.

AHau3 pe3ysbTaToOB MMPOBEICHHBIX UCCIECAOBAaHUI, a TaKKe MPAKTUKA NPOEKTUPOBAHUS U OIBIT
MPUMEHEHMUSI XKeIEe3006TOHHBIX COCTABHBIX KOHCTPYKLIMI FTOBOPSIT O TOM, UTO YaCTO UMEIOT MECTO CIly-
Yyau, KOrja Kjlacc 0eToHa, pa3Mepbl CEYEeHUI U MJIOLIaAb PACTSIHYTON apMaTyphbl 1o AeOpMaTUBHOCTI
(3KeCTKOCTH), OOJIbLIIE, YeM ITO TpeOyeTCs 1O MTPOYHOCTH.

AHaJIU3 COMPOTUBIICHUS XKeIe300€TOHHBIX COCTABHBIX KOHCTPYKLIMIA MMOKa3bIBAET, UTO MPU HATU-
YUW HAKJIOHHBIX TPEUIUH 3[€Ch MPOUCXOAUT PE3KOe M3MEHEHNE KOHCTPYKTHMBHBIX XapaKTepUCTUK U
CBOWCTB MaTe€pUaioB.

Orcroa cienyert, YTo MPOBeAEHUE IKCIIEPUMEHTAIBHO-TEOPETUYECKUX UCCIIEI0BaHMUI 0 pa3paboTKe
MPAKTUYECKOTO crocoda pacyeta 1eopMaTUBHOCTU XKeJI€300€TOHHBIX COCTABHBIX KOHCTPYKILIMIA Ha y4ac-
TKaX ¢ HAaKJIOHHbIMU TPELIMHAMU C YYETOM HaIM4Msl STUX TPELMH U 3deKTa HapylleHUs! CIUIOLIHOCTI
KeJie300eToHa SIBJISIETCsl BeCbMa akTyasIbHOM 3a1aveid. Pelenue 2ol 3a1auu MOXKeT pacCMaTpUBATBLCS Kak
3aMETHOE JOCTIKEHUE B PA3BUTUM METOIOB PAcyeTa XKeJe300eTOHHBIX COCTABHBIX KOHCTPYKIIMIA.

TeopeTnueckre U 3KCMEPUMEHTATbHbBIE UCCIETOBAHUS COCTABHBIX XKeJIe3006TOHHBIX KOHCTPYK-
1[1Ii B CBOEM MOJABJISIIONIEM OOJBIIIMHCTBE OA3UPYIOTCS HA MPEANOChUIKE 00 a0COMIOTHO KECTKOM 111BE
COMNPSKEHUST MEX1y 37eMeHTaMH [1, 2 u 1p.], 4To, Kak MpaBUJIO, MPUBOIUT K 3aMETHOMY PacXox/e-
HUIO PE3YJITaTOB pacyeTa U 9KCIEePUMEHTA.

YeunuBaeMble xese300eTOHHbIe KOHCTPYKLIMU, KOTOPbIE TAKXKe MOJEIUPYIOTCS B BULIE COCTABHO-
TO XeJ1e300€TOHHOTO CTePXKHSI, B TOCJIEIHUE TO/Ibl CTAHOBATCSI OMHUMU U3 BAXKHEHUIINX B 001aCTH XKe-
ne3o00etoHa [1—4].

B pat6ore B.M. bonmapenko, B.M. KonuyHoBa [5] oOpaliieHO BHMMaHUE Ha BeChMa CYIIECTBEH-
Hble 2(h(EKTbl HAMPSIXKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHUSI, MPOUCXOJISIINE B Kee300eTOHEe B pe-
3yJbTaTe HapyLUIEHUsI €ro CIUIOLIHOCTHU, KOTOPble OOBSCHSIOT (DPU3UYECKUI CMbICTT MHOTUX SIBJICHUM,
3aMEUEHHBIX B OIbITE.

B pazButue 3TuX UccieOBaHUI U HA OCHOBAaHUM YIJTyOJEHHOTO UCCIIEA0BAHMS MIPUPOABI U Xapak-
Tepa TPelMHOOOpa30BaHUs MpeAIoXKeHa pacyeTHasi MOIE/b, MO3BOJISIONIAsT OMUCHIBATE HAKIOHHbIE
TpPEIIMHbI, HAUMHAIOLIUECS C PACTSIHYTOM 30HBI M pa3BUBAIOLIMECS] K UCTOYHUKY HATPYXXEHUS TPEIIUHbI
MePBOro TUIIA, a TAKKE HAKJIOHHbIE TPELLIMHBI, 00Pa3yIOLIMECs] B OKPECTHOCTA HEUTPAJIbHOM OCH, U pa3-
BUBAIOLIMXCS KaK B CTOPOHY CXAaTOM, TaK U PACTSHYTON 30H (TPELIMHBI BTOPOTO U TPETHETO TUTIA).

Jl1s1 ipeie/IbHBIX COCTOSTHUIT 2-01 IPYIIIBI YCUINE B CXaTOM GeToHe Ny | olpenesieTcst 110 u3Be-
CTHOII cocTaBJrstiomieii mornepedHoi cubl Oy |, OTBICKUBAEMOI 13 YCIOBUSI PABHOBECHSI C MCITOIB30Ba-
HMEM MEeXaHWYEeCKON MOJEIU CXKAaTOi 30Hbl HAJl HAKJIOHHOW TPEIIMHON B OKpecTHOCTU ceueHust [—I
(puc. 1). I1pu aTOM «HareabHbIE» YCUINS B MPOJOIbHON U TIOMEPEUHON apMaType OMpeiesioTcsl Ha
OCHOBaHUU PACUYETHOI MOJIEIM BTOPOTO YPOBHSI, MPEMIOKEHHBIX B padboTe [5].

HeobxoaumbIM 371eMEHTOM TakKXe SIBJISIETCSl BBIOOP MecTa MPOBEACHMSI BTOPOTO MOMEPEYHOro ce-
YEeHUS1, UCIOJb3yeMOIr0 B PACYETHOM MOJEIU U ONPENesieMOro TeM, YTO KOHLbI Beepa HAKJIOHHbIX
TPELIMH MOTYT TPOHUKATh B 30HY MECTHBIX HAMPSKEHUH Ha pa3inyuHylo youHy. Takoe cedeHue Mox-
HO PacroJIOXUTb Ha paccTossHuM paBHoM 0,5/, oT ceuenusi I—I, T. e. B 30He, IJie MECTHBIE HANIPSKEHUS
ellle He UMEIOT Pa3pbIBOB. DTO MO3BOJISIET /ISl ONPEeeHUS HOPMAJIbHBIX (O 4 ) 1 KacaTelbHbIX (Tb,4)
HaMpsiKEHUI B CKaTOl 30HE apKU UCIOJIb30BaTh CIEAYIOLIMEe OTHOUICHMUS:
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Lererer !

Puc. 1. PacuetHast cxema IS OTIpeie/IeHUsT PACCTOSTHUI MEXKIy TPEIIMHAMU U YCUIINI B TIPOJIOIBHOM U 1O~
MepevHoil apMaType B CMEXHBIX TpeIMHAaX

M +M 0 +0,,
K = U3I 11 loc, 11 1y K, = H3I 11T Lloc, 1T @)

M ysr + M OQusr.i + Qioc,r

3nece Mysr s My s Qusrors Qe > Mysr 1, My, Qusry, Qjy.; — CTEPXKHEBBIC M MECT-
HbIE U3rMOAIOLI1ie MOMEHTBI U MOTMepevHbIe CUITBI (ornpenessembie mo npemioxenusm C.T1. TumorieH-
KO) B I1I€PBOM U BTOPOM CEUYEHUHU, COOTBETCTBEHHO.

Torna, 3Hasi G, ; M T, ; B IEPBOM CEYEHNM, MOXKHO TIEPEHTH K HANPSDKEHUSIM Oy, j; 1 Ty j; BO BTO-
POM CEUCHUHU:

G101 =05 1K1, 3); Tt =71 K- “4)

OnpezesneHre KOOPIMHAT TOYEK MTPUOIIOPHOIM apKu, UCIIOIb3YeMOI B pACYETHON MOJE/M, HE BbI3bI-
BAaeT 3aTPYJHEHUI1, TaK KaK U3BECTHO ypaBHEHUE Mapadosibl (MOAEIUPYIOLeil MPodWib TPEIIUHBI), pac-
CTOSIHME MEXIy 0003HAYEHHBIMU CEYEHUSIMU U BbICOTA OETOHA OT HUXKHEl TPaHM 10 Hayasla TPeLLUHbL.

[TocnenoBatenbHO MepeMelasch OT OHON TPELIMHbI K APYroit (cM. puc. 1), ucrnosb3yemast pac-
YeTHasl cXeMa MO3BOJISIET OMpPEAEIUTh HA OCHOBAHUU YCIOBUI PAaBHOBECHS YCUIIMSL B MPOJOTIbHON 1
TOTePeYHOI apMaType B JIt0OO# TpeIIruHe.

O0pa3oBaHUe MOCIENYIOIIET0 YPOBHSI HAKJIOHHBIX TPEILUH MTPOUCXOIUT MOCTe TOCTUXKEHUS TJ1aB-
HbIMM JedopMaLMsIMU YIUIMHEHUSI OETOHA, B TOUYKAX, PACIIOJIOXEHHBIX BIOJIb OCH ITONEPEYHOil apma-
Typbl CBOMX TMPEETbHBIX 3HAYECHUH €5, ) (B IPOLIECCE HATPYXEHUS UMEET MECTO HECKOJIBKO YPOBHEH
TpeIIMHOO0Opa30BaHMs ).

PaccrosiHust Mexay TpelrHaMu BTOPOTO YPOBHSI BAOJIb OCU MPOIOJIbHON apMaTyphbl (cM. puc. 1)
OTBICKMBAETCSl U3 COOTHOLIEHUS MEXIy U3rMOa0IIM MOMEHTOM B cedyeHuU [—I 1 B ceueHuu c onac-
HOI HaKJIOHHOH TPELMHON (M0 KPUTEPUIO MAKCUMAJIbHOW IUMPUHBI €€ PACKPBITHS):

lcr02=a (MI MC) (5)
> M[

[TosiBneHUE MoCIenyIOlIero YpOBHS TPEILIMHOOOPa30BaHUsI COOTBETCTBYET HArpy3Ke, MpU KOTO-

poii cobtonaeTcs U3 HepaBeHCTBa
lcrc,i N lcrc,i—l‘ (6)

Paccrosinue mexmy TpelnHaMy MOCIeNyIOIIero YpoBHs BIOJIb OCeli MOMepevyHoil apMaTyphbl OM-
penessieTcsl C UCIOIb30BAaHUEM PACYETHBIX CXEM BTOPOIO YPOBHSI, KOTOpPbIE BbIpe3aloT pparmeHT Oe-
TOHA MEXJy XOMYTaMM, OT ONACHON KOCOM TPEIMHBI 10 CEUEHUsI, TIe I1aBHble AeopMaluy yLIMHe-
HUs OETOHA TOCTUTAIOT CBOMX MpeeSbHbIX 3HAYEHMIA:

2(InB, - Bt,)

g =
e = ™
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ALY

5 (/]
21 I
R lcrc,l ‘ lcrc,Z lcrc,3

I

sup
C1
a

Puc. 2. PacueTHast cxema eMMHUYHBIX MTOJIOCOK KeJIe3006TOHHOTO COCTaBHOTO CTEPXKHA Ha ydaCTKax C Ha-
KIIOHHBIMU TPpECIIMHaAMN

rie napameTpel B, B,, B;, B,,%: BbIDaXEHbBI B BUIE (QYHKIMIA OT TIPEAETbHBIX Ie(DOPMALINi yITUHE-
HUs OETOHA, MapaMeTPOB, YUUTHIBAOMIUX 3GMEKT HAPYIIEHUSs CIUIOIIHOCTH, TEOMETPUUYECKUX Tapa-
METPOB, MapaMeTPOB CLIETUIEHUsI, apMaTyphl, OETOHA OMpee/sieMble B COOTBETCTBUU C paboToii [5].

Pacnionarast ypoBHSIMU TpeLUIMHOOOPA30BaHUS BIOJIb MPOAOJIBbHON U MOMEPEYHOI apMaTyphl B
MpoJieTe «Cpe3a», CTPOUTCS Beep TPELUMH (B BUIE JIOMAHbIX JIMHUIT) IEPBOrO, BTOPOIO U TPETHETO TH-
MOB, MPUJIETAIOIINI K COCPEIOTOYCHHOU cuiie U K ornope (cM. puc. 2). CTeneHb pa3BUTHSI HAKJIOHHBIX
TpeLUH (MepeceKkyT JIM 3T TPELUMHBI MONEPEYHYIO apMaTypy) ONpelesstoTcs U3 PaCCMOTPEHUST Ha-
NpsKEHHO-Ae(hOPMUPOBAHHOTO COCTOSIHUS OeTOHA BAOJb xoMyTOB. [Ipu aTom aedopmaunu 6eToHa
BJ0JIb OCU XOMYTOB OIpPEAESIOTCs 1Mo dhopmyIie:

- A L. Dy Ds_
& (¥)=04,, 3 S ()4 0,
1 1 Dy  Ds (8)
= F A — B Aty IS
€ swAswq3 (V) sw’4qu3+q3y+q3

rae napametpsl D;... Dy, BblpaxeHsl B Buie (GhyHKIMIA OT ycuImii B apkax, 00pa30BaHHBIX HAKJIOHHbI-
MU TpelrHaMu (CM. puc. 2), mapaMeTpoB OeTOHa, apMUPOBAHUS U CLECTUICHMUSI.

3/1ech Mo pacKpbITUEM TPEIIUH 3[1eCh TOHUMAETCSl HAKOIIJIEHUE OTHOCUTEIbHBIX YCJIOBHBIX CO-
CPEIOTOYEHHBIX B3aMMHBIX CMEILIeHUI apMaTyphl M 6eTOHA Ha yJacTKaX, PacTOJIOXKEHHBIX TI0 00€ CTO-
POHBI OT TPEIIMHbBI. YUUTHIBAETCS TAaKXKe AOMOJTHUTEIbHOE Te(OopMallMOHHOE BO3AEHCTBYE B TPELLIM-
HE, CBSI3aHHOE C HapyllleHWeM CIUIOIIHOCTU MaTtepuana. U3 ¢usnueckux coodpaxkeHuii B hopmyse
JUTSE OTIPEICICHUS IMUPUHBI PACKPBITHS TPELIMH HanboJee IOTHUHO MCIOIb30BaTh YPOBHEBOE (IMCK-
peTHOe) 3HaueHue /. (B COOTBETCTBUU C HEpaBeHCTBOM (6)). B utore 1upuHa pacKpbITUs HAKIIOHHBIX
TPEIIVH OTpeessieTcs mo hopMmye:

e = 2AT 2Ba,2 232111 1+ Ba,2'AYwva
“~"G B B 4,,5+B, A E,, ©)

[Ipoexuyy HAKJIOHHBIX TPELIUH MEPBOT0, BTOPOTo (HAYMHAIOLIMXCS HA HEUTPATbHOI OCU U BbI-
XOISIINX MOJ CUIY WM OMopy) U (BBIXOASIIMX B JIIOOYIO TOUYKY BEPXHEl rpaHM) TPEThEro TUIIOB, C
MAaKCUMAJIbHOII IIUPUHON PACKPBITHSI, OMIPENEIISIOTCS U3 YCIOBUS SKCTpeMyMa (DYHKLIUIT MHOTUX Tie-
PEMEHHBIX E,z:f(‘iwxmcsvxvcba%hcb,lv Cohshg Ay Ay hs Mg, hy ) u B :f(qm’xB,Z’ch’cZ’;"l?;"Z’7"3)’
COOTBETCTBEHHO, U BBITCKAIOIINX M3 YCIIOBUA PABCHCTB HYJ/IIO YaCTHBLIX ITPOU3BOJHbBIX. HOCJIe Hp606-
pa30BaHMiA, IUIsT TPEUIMH TIEPBOTO, BTOPOTO M TPETHETO TUIIOB, OyJeM UMETh, COOTBETCTBEHHO:

Hc3+Hyc, + Hy=0 (10)

u (kykyky, +kiky +k1k23)C22 +C, +kiky, —kikrk,, =0, (11)

tne H,,H,,H3; ki, k, ...k,; — dyakumm ot 06061meHHo# Harpy3kn Ry, TeOMETpIIeCKIX XapaKTepH-
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a Q:P\l 0
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Puc. 3. CBeneHue 3a1auu 0 pacyeTe KOHCOJIBHOTO COCTABHOTO CTEPXKHS M3 MHOTHX OpYCheB (@), K 3amaye o
pacyere KOHCOJILHOTO COCTABHOTO CTEPXKHSI U3 JIBYX OPYChEB € IIOMOLIbIO TepeMeHHbIX 'k 1 R, 1myTem pas-
noxenus pHetnnei narpysku M, N, Q 1o co6cTBeHHBIM (DYHKIMSAM OCHOBHOM CHCTEMBI YPABHEHMIA KOH-
COJIBHOTO COCTaBHOTO CTepPKHS (6)

CTUK CEYEHUI (b, h, h ), XapaKTepHCTHK 6eToHa 1 apMatypsl (A, 4, A, Ag 3, Eg,,» S), mapametpa
PaboThI pacTsIHyTOro 6eToHa (g ) B ceueHnu 1—1, HanpsbkeHuii 1 ycuuii B 6eToHe U apMaType B pac-
YETHBIX CEUYEHUSIX, MTApaMETPOB CIIETIIEHNs B 30HE aHKEPOBKU.

dusnueckass MHTePIIPeTaIis TOJTyYeHHOTO PEIIeHUS 3aKTI0YaeTCs B TOM, YTO OHU TIO3BOJISIIOT
OTBICKUBATh MPOEKIUU HAKJIOHHBIX TPEILUH MEPBOrO, BTOPOrO U TPETHErO TUIOB C MAKCUMAJIbHOM
LUMPUHON PacKpBITUSL.

[Tocne oTbickaHusl HauboOJIee OMACHBIX HAKJIOHHBIX TPEILUH C MOMOIIBIO 3aBUCUMOCTH (5)—(8)
MPOBEPSIETCS HATMYUE CMEXHBIX TPELUIMH U TPELIMH MOCIeNYIOINX YPoBHei. Jlagee MOXHO mepexo-
IIUThH K OIIEHKE Ie(OPMATUBHOCTH KeJIe3006 TOHHBIX COCTABHBIX KOHCTPYKIIMI Ha yJacTKax C HAKJIOH-
HBIMM TpellurHaMu. [1Jisl 3TOro BbIpe3atoTcsl BePTUKAIbHbIE €IUHUYHbIE MTOJOCKU (CM. puUC. 2), KOTO-
pasi pacCUUTBIBAETCS 10 CXEME COCTABHOIO CTEPXKHS € NOAATJIMBBIMU LIBAMU MEXKIY pa3HbIMU O€TOHA-
MU U TIOAATIMBBIMU IIBAMU — TpeUIMHAMU. B MecTax mepeceueHust MOJOCKU HAKJIOHHAs TpelluHa
MPUHUMAETCS] TOPU3OHTATBHOM.

BoineneHHast AByMsI TTOTIEPEUHBIMU CEUSCHUSIMU BEPTUKATbHAS TIOJIOCKA [IUTMHON AX, MOXET OBbITh
paccMOTpeHa B BUIE KOHCOJIBHOTO COCTaBHOTO CTEPKHS (puc. 3).

[TpuMeHUTENbHO K TaKOW pacueTHOi cxeme cucteMa AuddepeHInaNIbHbIX YPABHEHUN TE€OpUU
COCTaBHBIX CTEPXKHE MOXeT ObITh 3anucaHa B Buze [6]:

W T+ R, —Ti =0,(k=12,...,n). (13)

3HaveHust Tk u R, npeAcTaBsiionive coooit TMHeHHbIe KOMOMHALIMY YCWINI 1 0000LIEHHbIE Ha-
IpY3KH, MOXHO paccMaTpuBaTh Kak 0000IIEHHbIe BHYTpeHHUE CWibl. YpaBHeHuUs (13), uMeroT obiiue
WHTErpasbl:

— X
Tk :Akshkkx+Bkchkkx+%IRk(t)shkk(x—t)dt (k=12,...,n), (14)
k0

e A, u B, — Npou3BOJIbHbIE TTOCTOSTHHBIE.

IIpu Mcnonab30BaHUM YCIOBUIT HOPMUPOBAHHOCTU M CBOMCTB OPTOTOHAJIBLHOCTU COOCTBEHHBIX
BeKTOPOB U; , MaTpuibl crcteMa (13) pacramaercst Ha 7 He3aBUCHUMBIX AU depeHIMATBHEIX YpaBHe-
HUIT BTOPOTO MOPSIIKA, U pacyeT CIIOXKHOTO COCTABHOTO CTepxKHsT U3 (n+1)-ro 6pyca CBOAMTCS K pacue-
TY 1 YCJIOBHBIX IIPOCTBIX COCTABHBIX CTEPXKHEM U3 IBYX OpycheB (puc. 3, 0).

[1py BHELIEHTPEHHOM CXaTuM 3aauy OyJeM paccMaTpuUBaTh 6€3 yueTa JOMOTHUTEIbHBIX MOMEH-
TOB, BO3HUKAIOIIUX B pe3yJibTaTe nporuda crepxHsi. PemeHue ypasHeHust (14) mpuMeHUTENIBHO K pac-
CMaTpUBAaEeMOil KOHCOJIbHOI pacueTHOI cxeme mpu Bozaeiicteuu M, N, Q (puc. 4, 6) UMeeT BUJL:

A chh(1-x) P-c (sh\x
= =1+ —Ax |, (15)
vl chnl AYY EI\ chl
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Puc. 4. K pacuery kes1e3006 TOHHOTO 3JIeMeHTa 1o AedopMalMsaM Ha y9acTKaxX ¢ HAKJIOHHBIMU TPEIMHAMM:
a — cxeMa TPeIlH U TIepeMeIIeHUs B CeUeHUH k; 6 — pacueTHasr cxemMa CTepKHSI; ¢ — DIopa KPUBU3HBI; & —

3I110pa MporudoB

T=§Ashk(l—x)+ P-c (ch?x.x 1} 06

hehhl Y EI\ chMd

rae A=/ & , Y» A OTIPEEISIIOTCST 10 00pa30BaHMsI TPEIIUH M0 (hOpMyIaM TeOPUU COCTABHBIX CTEP-
JKHEH, a TIPY HAJIMYWK TPEIIMH B PACTSHYTOM 30HE XeJIe300eTOHHOM KOHCTPYKIIMU, TI0 (hopMyam:

A=_ Ny, i Ny, _f(xcrc)
© (E, A E, ,A ’ (17)
(Ep 1Ay Doy (Ep24p2) ot P
1 1 JRE
=B . G|
(Eb,lAb,l)ekv (Eb,2Ab,2)ekv M-p (3)

3necb Ny, Nj, — NPOLOJIBHBIC CUJIBI OT BHELIHEH Harpy3ku B 1-OM 1 2-OM XeJe300eTOHHOM

crepxHe cootBetcTBeHHO; (£ 14y 1) oy, (Ep Ay )y — SKBUBAICHTHBIC KECTKOCTH ITOTEPEYHBIX Ce-

YeHWI OTIETBHBIX XeJIe3006TOHHBIX CTEPKHEH; P — paaryc KPMBU3HBI KeJIe3006 TOHHOTO COCTaBHOTO

crepkHs. /1o o6pa3oBaHust TPEIIMH B COCTABHOM CTepxXHe B (hopmyiax (15), (16) ZEI =M-p;, M—

TIOJIHBIIE MOMEHT B COCTABHOM CTEpPXHE; £ — JKECTKOCTb LIBa, ONPEAEIISIeTCS HA OCHOBAHMM 9KCIIepH-

MEHTATbHBIX MCCIIENOBAHMIA COCTABHBIX MPHU3M, B TOM YHCIEe apMUPOBAHHBIX; (qu,»Abwi)ekv=?";
0
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‘ AKTyarnbHble NPo6neMbl KOMMNbIOTEPHOTO MOAENNPOBaHUA KOHCTPYKLMIA U COOPYIXKEHWIA

€y=B,M;+B,, N;, B,n B,, — onpenensiorcs B COOTBeTCTBUU ¢ npeioxeHusamu H. Y. Kapnenko
BKJIIOUEHHBIMU B HOPMATUBHbBIE TOKYMEHTHI [7].

Pacuet no neopmanusiM kesie300eTOHHBIX COCTaBHBIX KOHCTPYKIIMI Ha ydacTKaxX ¢ HAKJIOHHbI-
MU TpEUIMHAMU OCYILECTBIISIETCSI C UCTIOJIb30BAHUEM KPUBU3HBI B # BBIOPAHHBIX CEUEHUSIX, OTIPEIEIsi-
€MOli CJIeAYIOIINM 00pa3oM.

B okpecTHOCTSIX clelaHHbIX CEUEHUI BBIIEISIIOTCS eAUHUYHBIE TTOJIOCKU (cM. puc. 2). [lepeme-
LIEHUSI OT PACKPBITUS TPELIMH B MpeeiaX TAKOM MOJOCKH pa3jiaraloTcsl Ha Topu30HTalIbHbIE U BEPTH-
KaJIbHbIE cocTaBiisttoliye. JIJist BbIIEICHHBIX eIMHUYHBIX ITOJIOCOK COCTAaBHOIO CTEPKHSI OIPEaeIIsIeTCs]
paboTa BHYTPEHHMX CUJI, BKJIIOYasl pabOTy BHYTPEHHUX YCUIUI B COCTABJISIIOIIMX CTEPXKHSX, paboTy
MOJAT/IMBBIX TTOTIEPEUHBIX CBA3CU U CBI3€H CIBUTA.

YuutbiBast BHyTpeHHME ycuiaust M u N B COCTaBIISIIONIMX CTEPXKHSIX B BUIE BHELIEHTPEHHOTO CXKa-
THsI (PACTSDKEHMSI), MOXKHO 3aIicaTh MPUXOISILYIOCS Ha eMHULLY IJTMHBI pab0Ty BHYTPEHHUX YCUIIMIA
B i-OM CTEpXKHE B BUIE:

2M?
A= 19
3E,], (19
3nech
M,=My+N, -e,~T,_,;-a, ,~T,-b;+S, ;-0,5-¢=S,-0,5-¢c, (20)

rae My; 1 Ny; — u3rudaronnii MOMEHT U IIPOJOJIbHAA CUIIA B /-M CTEPXKHE OT JeHCTBUSA HArpy3Ku 6e3
ydyera YCUJIMI B CBA3SIX; €; — IKCLIEHTPUCUTET CUJIbI N); OTHOCUTEJIbHO U30THYTOI OCU i-TO CTEPXKHSI;
T;.1, Si., T;, S; — MOTOHHBIE CABUTAIOLIME U TIONEPEUHbBIE YCHIIUS B i—1-M U i-M I1IBaX COOTBETCTBEHHO;
a;_1, b — paccrosiHue OT (i—1)-T0 U i-TO IIBa 1O HEUTPATIBHOI OCH i-T0O CTEPXKHST; ¢ — eANHUYHAS ATMHA
BBIZICJICHHOW TTOJIOCKH.

3pech B LEJISIX YIPOILEHHUSI BBIUMCIEHUI U €AMHCTBA METOA0JIOTMYECKOT0 MOIX0/a, UCTIOIb3yeMOro
B JaJIbHENIIEM JIJISI pAcueTa CUCTEM XKeJIe300€TOHHBIX 2JIEMEHTOB, MO/ )KECTKOCTbIO CTEP>KHEBOTO XKeJle-
300€TOHHOT'O 3JIEMEHTA C TpellMHamMu B; OyneM noHumarb KO3(M@OULMEHT NPONOPLUOHAILHOCTU MEX-
Iy TIONTHBIM M3TMOAIOMINM MOMEHTOM U KPUBHU3HOM, T.e. B; =M, /y;. Torna BeipasuBs B dopmyrne (19)
KECTKOCTb E;l; uepe3 KpUBU3HY ); U IPOCYMMUPOBAB padOTy BHYTPEHHUX YCUJIMIA 110 BCEM COCTaBJISIIO-
LIUM CTEPKHSIM B €MHUYHOM TOJIOCKE, MPUJIETaIoIIe K ceueHUIo k, (puc. 4, a) TOJydnM:

2 n+l
A =S My, @1
35
PaboTa rnmoaatavBbIX MOMEPEYHbIX CBSI3EH U CBSI3El CABUTA EAMHUYHOM MOJOCKU, TIPUJIeTalONIe K
CEUEHMIO k, I pacCMaTpUBaeMOM 3a1aun MOXET ObITh 3alMcaHa B BUIE:

2 . 2L
Ak,w = 72qlsw,iacrc,i sino; + 72qsw,iacrc,i cosq;, (22)
3 i=1 3 i=l

TI€ ¢y ; U gy, ; — COOTBETCTBEHHO FOPU30HTANIbHASL M BEPTUKAIIbHASI COCTABJISIIOLLME TIOTOHHOIO yCHU-
JIUSL B i-M ILBE B CEYEHUU K; Ay ; — INMPUHA PACKPBITUS (-1 TPELIMHbI B CEYEHUH k; O; — YrOJl HAKJIOHA
i~/ TPELIMHBI B CEYSHUU K.

B utore cymmapHas padboTta BHYTPEHHMX CUJT JUISI €IMHUYHON TTOJIOCKM, MpUJIeraloleit K ceve-
HMIO k, paBHa

Ay =A+ A, (23)
PaCHO.IIal‘aﬂ BeﬂI/IqHHOf/i Ak,z7 MO2KHO 3aM€HUTb €AVMHUYHYIO ITOJIOCKY COCTAaBHOTO CTEPXKHSA C TPE-
IMHAMMW Ha 5KBUBAJCHTHYIO €AMHUYHYIO ITOJIOCKY KBa3UCILJIOLIHOIO )Keﬂe3066TOHHOrO CTEP2KHA,

BHYTPEHHSAsI paboTa KOTOPOi paBHa Ay y. IIpu 3TOM W11 k-TO ceveHUsT 3HaUYEHME KPUBU3HBI MOXET

OBITb OMPEIEICHO U3 BBIPAXKEHUS:
34,y

-
2(M0,k +No i )
e M j — CyMMapHbIii MOMEHT B CEYEHUU K, IPUBEJEHHBII K BHEIIIHEMY; V) — PACCTOSIHUE OT TOUKH
TPUJTOKCHUS PaBHOACHCTBYIOLICH CHITBl N ;1O M30THYTOI OCH CTEPXKHSI Ha YIACTKE ¢ HAKIIOHHBIMU
TpetHamMu (My ; 1 Ny , YyTOUHSIOTCSI B POLIECCE UTEPALIMIA KAK BHELIHUE BO3AEHCTBYSA).

ITocne HapyuieHust CILIOLIHOCTH Ke/e3006TOHHOTO 3IeMEeHTa LUMPUHA PACKPBITHS TPELIUH Y4H-
ThIBaeTCs B hopMyJiax MepeMelieHHil Kak cocpenoToueHHas nedopmaiiusi cipura. 9tu nedopmanuu,
a TAKXe COCPEeIOTOUYEHHbIE YIJIOBbIe JedopMallii HEMOCPEACTBEHHO BKIIIOYAIOTCS B YPAaBHEHUSI MPO-
r1u0boB U YIJI0B MOBOPOTA.

X = (24)
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JlocTaTOuHO CTPOTOe peleHNe LTSI OTpeneseH s AedopMarinii COCTaBHON KOHCTPYKIIMK MOXKHO TI0-
JIyYUTh, €CJIU MPUHSITH KyCOYHO-TMHENHYIO MHTEPIOSILINIO KPUBU3HBI MEXIy BHIODAHHBIMU CEYEHUSIMU,
YTO PaBHOCWJIBHO amlMpPOKCUMAIN M30THYTON OCH JKeIe3006TOHHOTO CTeP3KHSI KyOMYECKNM CIUIAiHOM.

PaccMOTpUM MTPOM3BOJILHO 3arpyKeHHbIN KeJe300eTOHHBIN cTepKeHb (puc. 4, 6). Pazobbem ero
Ha n y9acTKoB. Toraa Juis i-To yJacTka ¢ abcIccaMy TPaHUIHBIX TouekK b; U b;+/; MOXKHO 3amucars:

_ Xiv1 —Xi

x(2) =Y, +l—(z =b). (25)
i

HOI[CTaBI/IM 9TO Bpra)KeHI/Ie B L[H(I)(I)epeHuMaanoe ypaBHeI—me C)KaTO—PISOI‘HyTOI‘O CTep)KHH

(¥/"= ) ¥ pelIUM ero OTHOCHUTEJILHO Y. 3aTeM, UCIIOJIb3Ysl PEKYPPEHTHbBIE 3aBUCUMOCTH B (hopMe MeTo/a

HayasbHbIX MApaMETPOB, BbIPA3UM ITOCTOSIHHbIE MHTETPUPOBAHUS IS [-TO y4acTKa 4yepe3 MOCTOSIHHbIE

MHTETPUPOBAHUS TIEPBOTO yJacTKa. B pesynbrare ypaBHEHUE U30THYTOM OCH CTEPKHSI IPUHUMAET BUIL:

i-1 12[-(3i-4)(M,/B)-(M,/B) i
R R e} Gl '6‘) ~ 2 (M,/B)i=1) | +3, (26)

a ypaBHEHUE YTJIOB ITOBOPOTa —

B)-(M;/B;) &
( l/ )2 ( l/ l)_z(Mj/Bj) +0
Jj=2
371ech C IOMOLLBIO IApaMeTPOB §; U 6; COOTBETCTBEHHO YUUTBIBAIOTCSI COCPENOTOUEHHBIE 1eop-
MallMK CABUTa U COCPENOTOYCHHBIE YIJIOBbIE JehOpMalIMU B i-M CEUEHUU Ha YPOBHE HEUTPaJIbHOM OCU
(cMm. puc. 4, a):

o =¢ + (27

n—-m n— m

8= D e 5,50, (28); O, = Z M_ 29)
i=1 i=1 G

THE Qe ; W Gy s ; — IIMPUHA PACKPBITHS TPELIMHBI NMEPIEHAMKYIAPHOE Geperam U BIOJb OCH MPO-
TOJTBHOW apMaTypbl, COOTBETCTBEHHO.

TakuM 006pa3oM, MOJTyYeHbl aHATUTUIECKIE BBIPAKCHUS TS OIIEHKU TIepeMeIeHH Kee300e-
TOHHBIX COCTaBHBIX KOHCTPYKIIMI C y9eTOM HAaKJIOHHBIX TPEIIMH B UX TIPUOTIOPHBIX 30HaX. [1pn 3TOM
YMECTHO 3aMETUTD, UTO ypaBHeHUs aedopmaiiuu (26), (27) MOTYT ObITh UCITOJNIB30BAHbI U JIJIST y4acT-
KOB KeJ1e3006TOHHOII KOHCTPYKLIMM C HOPMaJIbHBIMU TPEIMHAMU 1IpU §; U ©; paBHBIMU HYJIIO U 3Ha-
YEHMSIX JKECTKOCTH OIPEAEISIeMbIX TI0 U3BECTHBIM (hOopMyJIaM TEOPHH Kelle300eTOHa.

ek
Paboma evinonnena npu gunancosoii noddepicke epanma npesudenma PD das moaodvix yuernvix
M-6533.2013.8.
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ABSTRACTS

UDC. 624.04: 539.3. Travush V.I. History and main results of the
fifth international symposium «Actual problems of computer
simulation of structures and facilities»

Key words: international symposium, computer simulation,
structures.

UDC 624.04; 539.3; 539.4. Bialystok A.M., Akimov P.A., Pavlov
A.S., Kaitoukov T.B., Afanasieva I.N. About development,
research and verification of correct numerical methods for solving
of nonlinear problems of constructively deformation, stability and
supercritical behavior of thin-walled shell-beam structures
distinctive paper is devoted to development, research and
verification of correct numerical methods for solving of
geometrically and physically nonlinear problems of
constructively deformation, stability and supercritical behavior
of thin-walled shell-beam structures. Conventional and
contemporary theories and criteria of plasticity, numerical
models of dynamic deformation of materials, numerical models
of dynamic fracture, algorithms for the numerical solution of
contact problems and methods of solving of problems with the
geometric nonlinearity are under consideration.

Key words: finite element method, numerical methods, nonlinear

problems, deformation, thin-walled shell-beam structures.

Th

o

UDC 624.04; 539.3. Akimov PA., Mozgaleva M.L., Kaitoukov T.B.,
Negrozov O.A., Mojtaba Aslam. About verification of wavelet-
based multilevel discrete and discrete-continual methods of local
structural analysis

The distinctive paper is devoted to verification of wavelet-based
multilevel discrete and discrete-continual methods of local
structural analysis, proposed by prof. A.B. Zolotov and prof.
PA. Akimov. ANSYS Mechanical simulation software has been
used for verification purposes.

Key words: multilevel methods, discrete methods, discrete-continual
methods, local structural analysis, wavelet-based methods,
verification, finite element method.

UDC 624.04; 539.3; 530.4. Bialystok A.M., Akimov PA., Kaitoukov
T.B., Afanasieva I.N., Vershinin V.V., Dmitriev D.S., Usmanov
A.R., Chuzhinov A.S., Shcherbina S.V. Finite element
formulation and analysis of fluid — structure interaction problems

This paper is devoted to fluid — structure interaction problems. Problem
formulation, finite element discretization, simultaneous and
partitioned solution procedures, are discussed, and advantages and
disadvantages of their use are mentioned. Some state-of-the-art
numerical solutions, obtained by ANSYS Mechanical, ANSYS
CFX and ABAQUS, are also presented to indicate problems that
can now be solved using currently available techniques.

Key words: finite element method, fluid — structure interaction problem,
continual formulation, discrete formulation, solution procedures.

UDC 624,074,075. Gorodetsky A.S., Barabash M.S. Computer
simulation of erection of construction

In this article the methods of taking into account structural scheme
that changes in time during erection process of installation are
considered. Nonlinear effects of this situation are shown. Also
is considered the influence of erection process on efforts that
arise into elements of skeleton-type building with solid
stiffening core. The purpose of theoretical investigation is to
determine the influence of erection process on stress-strain state
of load-bearing systems for buildings and installations. Are
shown the examples of modelling erection process for high-
rise building and unique structures by top-down method.

Key words: modelling, life cycle, erection process, load-bearing
system, nonlinearity.

UDC 539.3. Tyapin A.G. Special features of the seismic analysis for
the main npp structures

Approaches to the seismic analysis of the main NPP structures are
described. These approaches are implemented in the recently
published Russian standards. The main differences with civil
engineering codes are discussed.

Key words: seismic safety of structures, dynamic analysis, standards.

UDK 539.3. Sidorov V.N. Taking into account results of structure
experimental studies at the formation of its calkulation model
The paper presents an algorithm for prompt updating of a structure

computer simulation model, based on consideration of the results
of the structure monitoring. Correction isto adjust the eigenvalues
spectrum of the calculation model using the values of the frequency
of free vibrations obtained in the course of structure dynamic tests.
It is believed that by measurements during the monitoring, some
of the values of natural frequencies of the object can be obtained
and their appropriate forms of free oscillations can be established.

Key words: computer model, the adjustment model, the natural
frequencies, dynamic, error disturbance.

UDK 532.5:519.6. Kashevarova G.G., Martirosyan A.S. Definition
breakthrough wave hydrodynamic pressure on the building
Currently looking at building up areas of the city within the area of a
possible flood , for making design decisions required to estimate
the mechanical safety of the designed building or to provide
and justify its protection measures. For this it’s necessary to
know the hydrodynamic pressure of the load breakthrough wave
on a streamlined object. To solve this problem we used software
package Flow Vision. We study the influence of flow rate, as
well as the parameters of the building (its shape, size, orientation
relative to the direction of flow — stream) on the value of the
hydrodynamic pressure. To do this, we used a mathematical

theory of planning multifactor experiment.
Key words: wave breakthrough, hydrodynamic pressure, computer
simulation, Flow Vision, multifactor experiment planning theory.

UDC 624.04; 539.3. Lalin V.V., Kushov D.A. Solution of the problem
of stability of a compressed rod dynamic method with the shear
stiffness and tensile

This article is dedicated to the geometrically nonlinear plane dynamic
problems of the linear elastic rods. The differential and variational
formulations are given. The dynamic stability equations were
obtained. Exact solutions for the stability problems of a
compressed rod with bending, shear and longitudinal stiffness
being taken into account and with different types of end fixity
were obtained by a dynamic method.

Keywords: geometrically nonlinearity, dynamic stability, stability of
a compressed rod, critical load.

UDC 624.04; 539.3; 534. Potapov A.N., Ufimtsev E.M., Zyambaev
N.A. Analysis of oscillations of crane trussunder the influence of
disaster exposure

Considered the time analysis of constructive nonlinear systems under
dynamic loads. Is an example of the dynamic calculation of the
metal crane truss with its complete destruction from the action of
the emergency load due to breakage of the bridge crane sling cargo.

Key words: method, time analysis, mathematical model, vibration,
dynamic reaction, constructive nonlinearity, bridge crane.

UDC 624.012.045. Gornostaev 1.S., Klyeva N.B., Kolchunov VLI.,
Yakovenko I.A. Deformability of reinforced concrete composite
constructions with inclined cracks

The paper presents a calculation model for deformability of
reinforced concrete composite constructions with inclined
cracks, based on five blocks design scheme, including various
types of inclined cracks and the design scheme as a single strip.
The calculation method is developed for determining the
deformability of reinforced concrete composite constructions
with oblique cracks, based on working hypotheses formulated
taking into account the conditional concentrated shifts in joints
and junctures, cracks, uneven deformation of concrete and
rebar and concrete discontinuities effect.

Key words: concrete composite constructions, deformation, inclined
cracks, discontinuity, calculating scheme, conditional
concentrated shifts, junctures.

UDC 539.3. Tarabrin G.T. Buckling sloping CONICAL casing hinged
edges on an elastic plate

Elastic shallow shell in the shape of a truncated cone large direct its
base is pivotally attached to the loop holes in an elastic infinite
plate, and the inside of the smaller base shell is inserted and hinged
elastic circular plate. Axial compression, this construction is
transformed into a plane. The problem of the stress-strain state
of structural elements in this transformation. The problem of
the minimum compressive force, under the influence of which
the conical hull abruptly changes the direction of convexity.

Key words: elastic plates and shells, the stress-strain state.
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