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MOJEJUPOBAHUE NPOHECCA JE®@OPMHUPOBAHUS
MJIACTUHYATBIX JIEMEHTOB KEJE30BETOHHBIX KOHCTPYKIIMI
OBBEKTOB TEIIVNIOOHEPT'ETHUKHU C UCIIOJIb30BAHUEM
METOJA KOHEYHBIX 3JIEMEHTOB

Henb: YKMCIEHHOE HCCIIEOBAaHUE HANPSHKEHHO-AE(POPMUPOBAHHOTO COCTOSIHUS IUIACTHHYATBIX JIEMEHTOB
JKENIe300€TOHHBIX KOHCTPYKIHI TEITIOOHEPTeTUKY, COAEP KAIIUX IIPOU3BOJILHO OPHEHTHPOBAHHBIE IPOTSDKCHHEIE
BKJIIOYEHHUS, B 3aBUCHMOCTH OT COYETaHHs KECTKOCTHBIX ITapAMETPOB BKJIIOYEHHUI], UX pa3MepPOB H OpHEHTAaLUH,
COOTHOIICHHS JKECTKOCTEl BKIIFOYEHUH U IIaCTHHBL. MeTo: NPOCKIIMOHHO-UTEPALMOHHBIC MOANDHKALIH METO-
Ja KOHEYHBIX JJIEMEHTOB. Pe3yJbTaTbl: MOMyuyeHBl XapaKTEPUCTHKH  IapaMETPOB  HAIPSKEHHO-
J1e()OpMHPOBAHHOTO COCTOSHHS B OSTOHHOI MaTpHuIle M apMaTypPHBIX CTEpP)KHSAX IUIACTHHYATHIX KOHCTPYKIHUH C
MPSIMOYTOJIBHBIM BBIPE30OM JUIS PA3IMYHBIX BEIMYUH CHKMMAIOIIEH HArpy3ku U Ko3(QHUIMEHTOB apMHUPOBAHUS.
PaccMOTpeHB! BOIPOCH! ONpEAeNCHHs 3HaYeHHs MpeeNbHbIX Harpy30K, IPHBOAAIINX K MOSBICHUIO IIACTHUE-
CKMX Je(opMalvil 1 BOSHUKHOBEHHUIO TpeluH. Pa3paboTaHbl IporpaMMbl pacyera yKa3aHHBIX 1apaMeTpOB.

Hiab: 4ucIoBe IOCIILKEHHS HANPYKeHO-Ie()OPMOBAHOTO CTaHy IUIACTHHYACTHX €JIEMEHTIB 3ali300eTOH-
HUX KOHCTPYKLIH TEIUIOCHEPreTHKH, IO MICTATh JOBIIHHO OPI€HTOBAHI MPOTSKHI BKIFOYCHHS, 3aJI€KHO Bil
MO€THAHHS JKOPCTKICTHUX IIapaMeTpiB BKIIOYEHb, X PO3MIpIB Ta opieHTamii, CIIiBBiJHONIEHHS >KOPCTKOCTEH
BKJIFOYCHB 1 TUIacTUHU. MeTOo/: MpoeKuiiHO-iTepaniiHi Moandikamii METoly CKiHUCHHHUX elleMeHTiB. Pe3yabTa-
TH: OTPHUMaHi XapaKTEPHCTHKH ITapaMeTPiB HaNPyKeHO-Ae(pOPMOBAHOIO CTaHy B OCTOHHIM MaTpHIl i apMaryp-
HHX CTEPI)KHSX IUIACTUHYACTHX KOHCTPYKIIH 3 IPSIMOKYTHUM BHPi30M JUIS Pi3HUX BENHYUH CTUCKAIOYOro HaBaH-
Ta)KeHHs 1 Koe(illieHTiB apMyBaHHs. PO3ITISHYTO NMMTaHHS BU3HAUCHHS 3HAYEHHS I'PAHHYHUX HABAaHTaXEHb, IO
MPU3BOATE IO MOSBH IUIACTHYHHX AepopMaliil i BUHUKHEHHs TpiluH. Po3pobieHo mporpamMu po3paxyHKy 3a-
3Ha4YEHHX ITapaMeTpiB.

The work objective is to study of a stressed-strained state of plate members of reinforced concrete construc-
tions for heat power engineering with arbitrarily oriented extended inclusions depending on a combination of the
stiffness parameters of inclusions, their sizes and orientation, relations of stiffness of inclusions and the plate.
Projection-iteration modifications of the finite-element method are employed. Parametric characteristics of
stressed-strained states of a concrete matrix and reinforcement bars of plate constructions with a rectangular cut
are obtained for different compressible loads and reinforcement coefficients. Problems of the determination of the
limiting load values resulting in plastic strains and cracks are discussed. Programs for calculating the above pa-
rameters are developed.

Knrwoueevie cnosa: Kenezobemonuvie KOHCMPYKYUU MeENI0IHEPIemMuKu, nia-
cmuHYamole 21eMeHmbl, NPOMSICEHHbIE BKII0YeHUs, niacmudecKkue oeghopmayuu

BBenenne. JKene300eToH OTHOCHTCS K LIMPOKO PAacIpOCTPAHEHHBIM B COBpe-
MEHHOW TEXHHUKE M CTPOUTEIILCTBE KOMIIO3UIIMOHHBIM MaTepuaiaM. KoHcTpykuuu
U3 JKeJIe300eTOHa HCIONB3YIOTCS BO MHOTHX COOPYKCHHUSX. DKCIUTyaTallMOHHbIE
HArpy3KH, pacueTHbIC MOJICIIH MEXaHHUKH JKEJIe300€TOHA U CYIIECTBYIOIIHE METOIbI
pacdera CoOpyXEHHi OIMMUCaHbl BO MHOTHX JIMTEPATYPHBIX UCTOYHUKAX, U3 KOTOPHIX
Boiienum [1 — 10].

JKene300eTOHHBIE IUIACTHHYATO-000I0UYCYHbIE KOHCTPYKIMU OAIlIEHHBIX COOpY-
KEHHUi, B KOTOPBIX COYETACTCSl HEOOXOAMMAs IPOYHOCTh M HKECTKOCTh C MUHHUMAITh-
HBIM BECOM, IIHMPOKO HCIOJB3YIOTCS B COBPEMEHHOI dHepreTrke. K Takum coopyke-
HUSIM OTHOCSTCS OallleHHbIC KOTPBI TS TOOBIYHM TMOJIC3HBIX MCKONAEMBbIX, TPaIHpHH,
YrOJIbHBIC U TACHIIbHBIC OAIIHM KOKCOXMM3aBOJIOB, [IHIMOBBIC TPYOBI, @ TAKKE COOPY-
JKEHUSI CBSI3M U TPAHCIIOPTA — TEJICBU3UOHHbIE OAIITHMU, OTIOPBI M MHJIOHBI MOCTOB.

DTH COOPYKEHHS SBISIOTCS KPYIMTHOTa0apUTHBIMU. TEXHOJIOTHH WX H3rOTOB-
JICHUSI IOCTATOYHO TPYIOCMKH.

BarieHHbIE COOPYKEHHS UMEIOT Pa3IMYHbIe BhIPE3bI-0TBepCTHsl. OHM TEXHO-
JIOTUYECKH HEOOXOAUMBI, T. €. H3TOTOBJICHBI CIICIIUAIBLHO JUIST BHITIOJHEHHUS Pa3HbIX
IKCILTyaTAIl[MOHHBIX M TEXHOJIOTHYECKUX Olepalnii, peMoHTa u mnpoduee. Kak mpa-
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BUJIO, TAKHE BBIPE3bl SIBJISIOTCS NMPSIMOYTOJBHBIMU, HO BO3MOXHO M CYILECTBOBA-
HHUE OTBEPCTHH C KPUBOJIMHEHHBIMHM KOHTYpaMH (KPYTOBBIMH, 3JUIMOTHYECKUMH).
B mpomecce skcIuTyaTaniy coOoOpy)eHUsI MOTYT HPHOOpETaTh MOBPEXKACHHS, KOTO-
pBIe TaKKe MOJEIUPYIOTCS OTBEPCTUSIMU Pa3IuIHON (GopMBI.

CreHky OalIeHHBIX COOPY)KEHUH MOXKHO MOJEIMPOBATh IJIACTUHAMHU C OTBEP-
ctusiMu. Hannuune oTBepCTHl MPUBOAUT K KOHLEHTPALMH HAIPSHKEHUM, YTO MOXKET
BBI3BaTh JOCPOYHOE pa3pylLIeHHe KOHCTPYKIMU WIN MOSBIEHUE HEAOIyCTUMBIX Je-
(hopmanmii.

IIpu sxcmmyaTannu B G€TOHE MOTYT BO3HHKATh TPELIMHBI, YTO MPUBOIUT K
HEO0XOIUMOCTH KOPPEKTUPOBKH COOTBETCTBYIOIINX PACYETHBIX MOJEIEH.

Ha puc. 1 moka3zansl OarieHHbIE KOMPHI TSI JOOBIYH IMTOJIE3HBIX HCKOMAeMBbIX,
Ha puC. 2 — TpajupHU. DTH COOPYKEHHS HMMEIOT BBIPE3bl, B OCHOBHOM IIPSIMO-
YTOJNBHOHN (POPMBL.

Puc. 2

Onenka peajbHON paboOTOCIOCOOHOCTH KEIE300€TOHHBIX COOPYXEHHUH BO3-
MO’KHa TOJIBKO TIpW ydeTe IulacTH4Yeckoro aedopmupoBaHusi marepuana. Hemu-
HEHHOCTh neopMHUpOBaHHS OETOHA W TOSBIICHHE IJIACTHYECKUX AeopMaruii
HAYMHAIOTCS C JOCTaTOYHO HU3KOTO YPOBHS HAarpy3ok. B pamkax nedopmarnuoH-
HOW TEOPHH IJIACTUYHOCTHU MPEIJIOKEHBI JOCTATOYHO aJeKBAaTHBIE MOJIEIN; MPEK-
Jie BCEro, CIeAyeT OTMETHTh pacyeTHbIC MOJENH, mpeaiokenHsie B [1 — 3, 11].
Teopus TeueHHs MO3BOJSIET YUUTHIBATH JOCTATOYHO IIUPOKUH KIIACC TPAEKTOPHUM
HarpyxeHus. Bapuantsl ee paccmorpens B [12 — 15].
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[Mpu yuere mmacTrueckux jaedopMariii CTPOATCS CXEMBI TTOCIIEI0BaTEIbHBIX
MPUOIKEHUH, IPH KOTOPBIX B Ka)IOM MPUOIMKEHUH PEIIaeTcs 3afadya TeOpruu
YOPYTOCTH, U BBIYUCICHUS MPOJODKAIOTCS 10 COBIAACHUS IBYX IMOCIEI0BATENb-
HBIX MPHOIMDKEHUH € 3alaHHOW TOYHOCTHIO. DTH WIECH OTPAKEHBI MPHU PEIICHUH
MHOTHX KOHKPETHBIX 3a1a4 B [16 — 18]. OCHOBHOI HCIIONBb30BaHHbBIN HAMH METO.
pelIeHusl yIpyromiacTHYecKuX 3a7ad, OCHOBAaHHBIA Ha CXEMax MOCIeI0BaTEINb-
HBIX TPUOIMKEHHAN, - METO/I IEPEMEHHBIX TTapaMETPOB YIIPYTOCTH.

Pacuernas meToquKa OCHOBaHA Ha IPUMEHEHHH METO/[a KOHEYHBIX 3JIEMEHTOB
(MKD).

B  nanHOii  paboTe  HMCHONB3YIOTCS  pa3pa0OTaHHbIE  MPOCKIMOHHO-
utepanuonnabie cxemMbl MKD. UX cyTh, OCHOBHBIE OCOOCHHOCTH W TIPUMEHEHHE K
PEIICHUIO DPa3IMYHBIX 3334 HAMPSHKEHHO-AE(QOPMUPOBAHHOTO COCTOSHHS 3JIe-
MEHTOB HEOAHOPOIHBIX IUIACTHHYATO-00O0IOUYEYHBIX KOHCTPYKIHU ITOKa3aHBI BO
MHOTHUX padoTax, U3 KOTOPbIX Bbaenum [19 — 27].

OCHOBHBIE TTPEUMYIIIECTBA MPOESKIIMOHHO-UTEPAIIOHHBIX cxeM MKD — cyme-
CTBEHHOE (B psAe€ 3a/Jau B JECATKU pa3) YMEHBIICHHE BPEMEHH KOMIIBIOTEPHOTO
pacdera Mo cpaBHEHHIO ¢ TpamuimoHHEIM MKD Ha oxHo#t menkoi cetke. C yBe-
JIUYCHUEM Pa3MEPHOCTH pPellaeMbIX KOHEYHOMEPHBIX 3a7a4d 3((EKTUBHOCTD MPO-
EKIIMOHHO-UTEPAIIMOHHBIX MOAU(PHUKAIIHIA BO3pacTaeT.

[IpuMeHeHrEe NPOEKUMOHHO-UTEPALMOHHBIX BapuaHToB MKD k pemieHuro
IIIPOKOTO KJIacca KPaeBBIX 33a[a4 TEOPUH YIPYTOCTH M TUIACTUIHOCTH CBHIETEINb-
cTByeT 00 X 3¢ (EeKTUBHOCTH MO CpaBHEHUIO ¢ TpagunuoHHIM MKD mpu HeszHa-
YUTEFHOM YCJIO)KHEHUW BBIYMCIUTEIFHOTO aITOPUTMA M MPH JIOCTATOYHOH CTe-
MIEHN TOYHOCTH, MPUEMIIEMON JUIA MPAKTHUKH, TAPAHTUPYET MOJYISHHE JOCTOBEP-
HBIX PE3yJIbTATOB.

IHocranoBka 3agauu. Ucnoub3yeMmblie Moaenu a1eGopMUpOBaHUS Kejle30-
Oerona. Meron pewmenusi. PaccmaTpuBaeTcsl IUIACTUHYATBIM TMPSMOYTOJIBHBIN
BIIEMEHT CTEHKH OalIeHHOTO )KeIe300€TOHHOTO COOPY)KEHHS TETJIOPHEPTeTHKH C
IPSIMOYTOJIBHBIM OTBEpCTHEM. [IpH NCTIONB30BaHUHU NMPOSKIIMOHHO-UTEPAIMOHHOTO
Bapuanta MKD ¢opma otBepcTusi Moxet ObITh pasnuuHoii [23 — 25]. [Tnactina
SIBIISICTCSI aHM30TPOITHOM, BBIIENSIOTCS 4 cramuu aedopmupoBanus: ynpyroe (1),
ynpyrormiactadeckoe (2) (10 o0pa3oBaHus TpElIvH), yIpyroe aeopMUpOBaHHE B
TpemuHax (3) U ynpyroriacTHYecKoe — B PacTIHYTOH apMatype (4) (B IiacTuHe ¢
TpemuHamu). [IprBeieM OCHOBHBIE COOTHOIICHHMS, ONHMCHIBAIOIINE ITH BapHAHTHI
nedopmuposanus [1, 4].

Cmaous 1. Beinenmum 2 OCHOBHBIX BapHaHTa CXEM apMHUPOBAaHHS: OPTOTPOI-
Hoe (a) u HakioHHOE (0) (puc. 3). Kaxaplii BapuanT xapakTepusyercs koddduim-
€HTOM apMHUPOBAHMS |1; apMaTyphl.

2
T

L 37’ ”< -

Puc. 3
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M (a)
szAx/ayaz;“ysz/axaz;uzzAz/axay’ 1)

rae A, — cyMMapHbIe IUIOLIAAM IIOIIEPEYHBIX CEUEHUN CTEP)KHEH apMaTyphl, pac-
|

MOJIOXKEHHBIX BIOIB ocelt i (i =X,Y,2).
Host (0)
H=A /a3y, (2)
rae Aj — ILIOWAJK OTAENBHBIX CTEPIKHEH | -ro HANPaBICHHS.

Hedopmartust apmaTypsl 1 6eToHa (0003Ha4YeHO 3HaKaMK S U D cooTBeTCTBEH-
HO) paBHBL

_b_ . s _ b
By =& =&y &y =& =&y 3
[ BEeKTOpOB yCHIIHi1 B OeTOHE MeeM

F2=Dg%; F =DJE, )

rIe Df, D;’ — MaTpUIlBI OETOHA;

1 1
bP - £ 0 0 2(1+vb) 2(1+vb) ,
X 1 \% 0 0 ’
[1-vP2 1 yP? i

I Vb2 1b2 0 0 |

DY =E’h 1_OV 1-v 1 1|
I 2(1+vb) 2(1+vb)_

EP, VP - MOJyJIb yIpyrocTu U koaddunument [Tyaccona 6etona; h — ronmuna

IUIACTHHBI;, € = (sx &y Tyy ,’Cyz) — BEKTOp AedopMarmii.
[Ipu sToM
b_(.b b. b _( b b
R =(5y ox)s R =(oy 7). 9
rue G)t() \ 03 , ’ng , r?,x — HOpMaJIbHBIE U KacaTellbHbIe HAaNPsHKEHUS B OETOHE.
Hns apmarypsl
S _NS=. S _ RSx»
F'=Dye; K/ =Dyg, (6)

0000 0100
e Df:MXth[l 00 o}DFHthvs[o 00 O}EXS'EySMOHY'

71 yIIPYTOCTH apMaTypHBIX CTepKHEH, napauienbHbIx ocsiM OX u Oy ; p, , Hy —

K03 (HUITUEHTHI apMUPOBAHUS B HAITPABJIICHUU 3THUX OCEH.
Torma
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Fo=F +F =D&; F, =F)+F =D,

rae D, =D} +Dg; D, =D{ +D;.

BapuanuonHas MOCTaHOBKA 3aa4i 3aKIF0YaeTCsl B HAXOXKICHHU IepeMeriie-
HUH U(X,Y), V(X,Y), MUHUIMH3UPYIOIMX (QYHKIIMOHAI SHEPIUH

I[U,V]_Z(J;{(l—vb2+“XExj(3X +(l—vb2+“yEx oy ’

2WEP au v, EP  (ou . ovY
n __+—(W+§j —rj(pxu+pyv)ds, (7

P
rae P, , P, — TIPOCKIMU HAarpy3kd P Ha ocu Ox u Oy COOTBETCTBCHHO; Iy -

TpaHHUIA TUTACTHHBI, Ha KOTOPO PUIIOKEHa Harpy3Ka.

Cmadusa 2. Ca3b MEXIy OKTa>APMYECKUM HANPSIKEHHAMH Ty U CABHTAMH

Yo (a0 meopManMoOHHON TEOPHH) 3AIMILEM B BHIE

% =G(0) 0 (8)

e YO:%J(SX —ay)2+(az—8y)2+(sx—sz)2+%(y§y+yiz+yiz); G(vo) -

CEKYIIUH MOyJb CIIBUTA.

CBs3p MEXIy OKTadApPUYECKMM HOPMAJbHBIMH HANPSKCHUAMH G U Ae(op-

ManusMH Y q HEJIMHEHHA U UMEET BUT

oo =K (Vo)(go —pyg), (9)

rjae p — Moxyib aunatanun; K (yo) — CEKYIIUI MOJYJIb 00BEMHBIX J€()OpPMAIIHiA.
Jlst onpenenenns moxyneit G(y,), K(yy) ucnonssyercst rumoresa, no106-

Hasl THIIOTE3€ «EAMHOMN KPUBOil eopMHUpOBaHHs», COTTIACHO KOTOPO# opma CBs-
31U MCXKY HAIIPSXKCHUAMU U Ile(bOpMaI_[I/ISIMI/I HC 3aBUCUT OT BHJA HAIIPAKCHHOI'O
cocrostaus [1, 16, 18], T. e. cBA3b MeKIY Ty U Y, Takas ke, Kak 1y OHOOCHOTO

Harpy>KeHHsI.
Jlnst G(yy) MOXKHO B3STh TaKy:o 3aBUCHUMOCTS [1, 4, 15]

G(vo)=Gof (vo). (10)

rae G°= Eb/ [2(1+\/b2 )} — HaYaJbHBIA MOIYNb caBura; f (yo) = (l+ An+ an + Cn?')_1 ;
=YY L. Yo — TpelenbHele AeopManMM  OKTasApUYECKOro  CIBHUTa;
A=C+2-2; C=1(1-&)[& (n, -1)?|-n;*; A=15+2,2 - napaverp ne-

JIMHEWHOCTH; T = 8/ €, €= c/ RC ;€ RC — TIpeAeNbHBIE nedhopMaITiy CKATHs 1
HaNpsDKEHUsI; €, G — JedOopMalliil M HANpSHKCHUS TPU OJHOOCHOM COKATHH;
B=1-2C; &, =0,85; n, #1,41 — koopAuHATHI YCIOBHON TOYKM HA HHMCIIAJa-

IOLIeH YacTH AuarpaMmel & —n.
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Ananornuso st K (y,) nmeem
K (v0)=Kof (vo), (12)

rae K b_ Eb/ (1 — 2Vb2) — HaYaIbHBIN 0OBEMHBI MOTYIIb.

CootHourenue (9) npeobpazyercst K BUAY
oo =K (Yo)(l—m’g%l): K(go’yo)go’ (12)

rae K (£9:Yo) — OOBEMHEIIl MO/IyIIb, YIHTHIBAIOLIHIT AHIIATALIHIO.

Mopnyne ynpyroctu u ko3 dunuent Ilyaccona 6eTona cBsI3aHbl ¢ 0OBEMHBI-
MH MOZIYJISIMH TaK

EP_ 3K(801V9)G(Y0) N IZ(804/0)12(-\’(3/0) '
G(vo)+K (g0.70) Z(G(YO)+K(SO’YO))

Bo MHOrHX HCClIeI0BaHUSX 110 7Ke1e300€TOHY MCIONIB3YeTCs MPEANOI0KEHHE
O CBA3M NpelenbHbIX Aehopmanuii Y, B (10) ¥ MpeaenbHOro OKTa’ApHYECKOro

(13)

HaNpsDKEHHA T YEPE3 MOAYJIb CABUra OETOHA GP
= _3= @b
Yo =AT,G . (14)

Cratuctiueckasi o0paboTKa pe3ynbTaTOB SKCIEPUMEHTOB IPU TPEXOCHOM
CXKaTHH JaeT

R R

Cc C

— 2 —=
%o 27,97(’5_0j 415,220 3713, (15)

Cmaous 3. BaxxHOW 0COOEHHOCTBIO KeNe300€TOHa SIBJISIETCS TOIMYyCTUMOCTD
o0pa3oBaHMs TPELIMH B Tpolecce aedopMupoBanus. [lomaraeM, 4To TPEUIMHBI B
XKene300eToHe 00pa3yroTces 110 IIaBHBIM IUIOIIA/IKAM, KOT/ja HAPYLIAI0TCs YCIOBHS
MPOYHOCTH

F(GO,TO,G)ZO (16)

(01HO MM HECKOJIBKO TYIABHBIX HAIIPSKEHUI IPH 3TOM SBJISIOTCS PACTATUBAIOLINMHY).
PaznuuHble BapuaHTHI ONMPENENSIONMX COOTHOUICHUH IJisi kKele300eToHa C
TPEIIMHAMY C YYETOM B3aUMOBIIUSIHUS TPEIIMH U apMaTypbl pacCMOTpeHbI B [1].
Cmaous 4. Yupyromnactuieckoe Ae(GpopMUpOBaHNE B PACTSIHYTHIX CTEPIKHSX
apMaTyphl ONPEJIeNISIETCS] 3aBUCMOCTSIMU MEX/ly MHTEHCHBHOCTSIME AedopMariuii
€ ¥ HanpsbkeHWH o; . IMeroTcs pasnudHble BApUAHTHI TAKUX 3aBUCHMOCTel [18].
IIpuBeneM HEKOTOPBIE U3 HUX.
CremneHHas 3aBUCUIMOCTh

g = %+ C[ﬁ} , (17)

(502 _Gp

I7e G, — HPE/e MPONOPIHOHATEHOCTH.

DKCIIOHEHIIMAIbHAS 3aBUCUMOCTD
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.

o =0,|1-exp —— 1. (18)
Ep

JIuneiiHOE ynIpoYHEHUE

o, = Eg +E1(8i _Sp)’ (19)

rac El — TaHT'€HC yI'Jla HaKJIOHa BTOPOT'O y4JacTKa JuarpaMmabl.

JIist MATKHX cTajeit MoKeT OBITh MCIIOJF30BaHa IUarpaMma, B KOTOPOH 1o-

KazaH Ha puc. 4 [1].
o,

%

-
L

Puc. 4

Jnst TBepAbIX CTaleil ciexyeT OrpaHHMYUTHCS HEPBBIMU JIBYMs y4acTKaMu
auarpaMmsl. JluarpaMmel cipaBeUIMBbI KaK MPH PACTSHKEHUH, TaK U IIPU CKAaTHU.

OCHOBHBIM METOJIOM, HCIOJb3YEMBIM HaMH, SBISETCS MPOECKLHUOHHO-
UTEepAIMOHHAS MOIU(HUKAINSI METO/Ia KOHEUHBIX AreMeHToB. OTMernM, yto MKD
TPaJULMOHHO HCHOJB3YETCS IPH pacyeTax >Kele300€TOHHBIX COOPY)KEHHUH, B
YaCTHOCTH COOPYKEHHIi TerutosHepretuku [2, 10, 13, 14].

OcnoBHast uaess Mmoaudukanuun MKD 3akmodaercs B cieayromem [19 — 22].
IIpu ucronb3oBannn MKD mpoBoanTCS TOCTATOYHO Tpy0oOe pa3OreHue 3JIeMEHTOB
KOHCTPYKLMH. J{MCKpeTn3npoBaHHas BapuallMOHHAS 33/1a4a PEIIaeTCs C IIOMOIIbBIO
UTEPALMOHHBIX METOAOB, HO HE IO KOHIA (CTPOSATCS JIMIIb HECKOJIBKO MPUOIIIKe-
HUH K pemeHuro). [lomyyenHoe npuOIMKeHHe WHTEPHONUPYETCs Ha Oojee Mell-
KyI0 CETKy. BBIUMCIeHHS NpPOJODKAIOTCS O AOCTIKEHHUS 3aJaHHOH TOYHOCTH
MEXIY COCETHUMHU NMpUOMKeHUsIMU. [IpruMeHeHne Takoro ajiropuTMa 3Ha4nTelNb-
HO YCKOPSIET IPOILECC pacyeTa 10 CPaBHEHHUIO C pacueTOM Ha OCHOBE TPaAMLMOH-
Horo MKD Ha onHOM Menkoi#i ceTke. MoryT ObITh MCIIOJIB30BaHBI IPSIMOYTOJIbHBIE
WIN TPEYroJbHbIE 3JIEMEHTHl (ONTHUMAJbHO HX coderaHue). IlIpoexkuuoHHO-
utepauronnsle Mogudukanun MKD ¢ ycnexom ObUM IpUMEHEHbI BO MHOTHX 3a-
nadax 1e(OpMHPOBAHHOIO TBEPIOTO Tejla (MEXaHWKa pa3pylleHHs, TEOpHs Iuia-
CTHH U 000JIOYEK HEOJHOPOJHOH CTPYKTYpHI, B YACTHOCTH IPHU HAJIUYHH OTBEP-
CTHiA, MIpH TUIacTHYeCKUX Aepopmanusx) [23 — 26]. YMeHbIIeHHEe KOMIIBIOTEPHOTO
BPEMEHH pacyeTa 0co00 BAKHO NPH MPOSKTUPOBAHUH COOPYKeHHH [27].

Pe3ysabTaThl YMC/IEHHOr0 aHaau3a. KOHCTPYKTHBHBIM 3JIEMEHT CTEHKH CO-
OpYXEHHS TEINIOIHEPIeTUKN MOJEIIMPYETCS TUIACTHHOM C MPSIMOYT'OJIBHBIM OTBEP-
CTHEM, HaXOAALIeHCs TTOA JeHCTBUEM COKUMAIOIIEH Harpy3KH.

[Ipy ymcneHHoW peanu3alMu LEIecOOOPAa3HO HCIONB30BATh YETHIPEXYrOib-
Hble KoHeuHble aneMeHTsl (KJ). Ilepememienus no obiactu 3neMeHTa NPUHUMA-
I0TCSl B BUE OWJIMHEHHBIX (DYHKUUH KOOpIMHAT, 3aBUCSILMX OT Y3JIOBBIX 3Haue-
HUHl nepeMeleHnil B kaxaoi u3 4-x sepuinH KO. B pe3ynbrate HHTErpupoBaHUs
mo kaxnomy KO dyskumonan (7) 3ameHsercs (GyHKIIMEH MHOTHX TEpEMEHHBIX
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OTHOCHTEIIFHO HEM3BECTHBIX Y3JIOBBIX IepeMelieHni. 113 HeoOX0AUMbIX yCIOBHIA
MUHHMYyMa MOJTyYiM IabIoHHBIE GOPMYJIBI JUIS Y3JIOBBIX TIepeMenieHuil. B nans-
HEUIIIEM aJTOPUTM BBIYHCIICHUS, CBS3aHHBIA C pa3pabOTKON NPOEKIMOHHO-
nTepannoHHbIX cxeM MKD, cBs3aH ¢ MCIIOIB30BaHIEM METO/Ia MOCIEA0BaTENbHOM
BepxHeii pemakcarmu [19 — 21]. Vuer mnactudeckux medopManuii IpoBOANTCS Ha
OCHOBE METO/Ia TIEPEMEHHBIX MapaMeTPOB YIIPYTOCTH C TIOCTPOEHUEM CXEM ITOoCIie-
JOBATEIbHBIX MPUOIMHKEHUH, B KaXIOM W3 KOTOPBIX PEIIAOTCS HEOTHOPOIHBIE
3a/layll TEOPHUH YIPYTOCTH C MEePEMEHHBIMH TapaMeTpaMu YIPYTOCTH, KOTOPHIE
mepes pemeHneM KaxIou 3ama4un onpenessrores mo dpopmynam (13). Ocoberno-
CTH CTPOCHHUS KOHCTPYKTUBHOTO 3JIEMEHTa U HATPY>KEHHUS TAKOBBI, YTO €TI0 MOXKHO
CYMTATh HAXOIAMIMMCS B IUIOCKOM HAINPSIKEHHOM CocTosHMH. Dopmyna aist v, B

(8) 3ammmcpIBaeTCS B BUJIE

_ 243 [1-vP +vP?
YO - 3

2
3(1_vb)2 (sx +sy) —&,8, +%y§y , (20)

a HanpsDKeHus Uit OETOHa onpenesaoTes o Gopmynam

2GP (au bﬁvj.
===\ =+Vv = |;
1-vP 08 on

_2G° (ov | pou).
y_l—vb(5ﬂ+v a&)’ (1)

_ebfou, v
Ty =G (5n+5§j

C 3aMEHON TPOM3BOIHBIX UX KOHEYHODIIEMEHTHBIM aHAJIOTOM.

[ImacTHHYATHI 37EMEHT >XKene300€TOHHOTO COOPYKECHHS IPEACTaBIeH Ha
puc. 5. B pacderax HCIONB30BaHbI AHArpaMMbl AeQOpMUpPOBaHHS I OETOHA pas-
HBIX KiaccoB (B10, B15, B20, B25, B40).

Ha puc. 5,a moka3aHbl pa3Mepsl pacCUNTHIBAEMOTO TUTACTUHYATOTO JKee300e-
TOHHOTO 3NeMenTa. Ha puc. 5,6 — pacrpenenenne 30H IUIACTUYHOCTH, HA pUC. 5,B
— pacmpezienieHue WHTEHCHBHOCTeW HampshkeHwid (B Mlla) B marpuime u3 OeToHa
kiacca B40.

X

(¢

I’

RRERENE SENENEN

810
™ 12-14
®16-18
2224

Puc. 5

66



Ha puc. 6 mokazano pacnpeneneHue HanpsHKeHUN G)S( u cf, B ceueHun 1-1

(puc. 5,a) B cTaNbHBIX apMaTypHBIX CTEPXKHAX (BETMYUHBI KOA(PPHULIHNEHTOB apMU-
posanus A, =0,0005; Ay =0,006) nns Oerona kiacca B25 mpu coxumarommx

Harpy3kax 7,16 Mlla (crmomnas xpuBas); 7,06 Mlla (myaktupHas); 7,25 Mlla
(TyHKTHpHAS C TOYKOMH).

oy, Mlla

7

80 +
=0 +

30 +
20 +
10 P

X, M

i Mlla
T X, M
0 t t t t + {
-20 1
-40 1
£0
-80
-100 1
-120 1
-140 +

Puc. 6

s
y

CTEepXKHSX B ceueHun 1-1 (puc. 5,a) B 3aBHCUMOCTH OT Kiacca OeroHa. CrIIONIHOH,
ITyHKTHUPHOW Y ITYHKTUPHOM C TOUKON KPUBBIMU IOKA3aHbI HANPSKEHUS JUISL KJIACCOB
B25, B20, B40 npu xosddumuenrax apmuposanus A, =0,0005; A, =0,004 u

9] S
Ha puc. 7 nokaszano pacnpezieJieHUE HAaNPSKEHMH G, W G, B apMaTypHBIX

cxuMaroneit Harpyske 5,8 MIIa.
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Mlla

4

-

883883

-t N
o O O
+ 3

-120

Puc. 7

Ha puc. 8 mokazaHo, kKak BIHMSET M3MECHEHHE KOXPQHUINEHTa apMUPOBAHUS
A, Ha pacnpezneleHUE HaNnpsDKEHHH B apMaTypHbBIX CTepXKHsX. CIUIOIIHONW U

y

TYHKTHPHOM JIMHUAMH ITOKa3aHbl HANPSOKCHUS Ui A, =0,004 u Ay =0,008 mpu

OJIHOM U TOM XK€ AX =0,0005 mpu Harpyske 7,16 MIla. D10 BiusHUEC HE3HAYM-

TCIIBHO.

s Mlla

.
70 r

60 +
50 +
40 +
30 1
20 +

T

10
0

as Mlla
20 +

L
Y
4
“
>

140 L

Puc. 8

Ha ocHoBe pa3paboTaHHBIX aJITOPUTMOB pacueTa MOKHO OIPEAENIUTh Harpys3-
KM, TIPUBOJSIIME K TOSBICHHUIO TUIACTUYECKUX AedopMalrii WIKM K MOSBICHUIO
TpeuH. TakuM oOpa3om, moadupas kiacc 0eToHa U apMaTypy (BUA apMaTypsl U
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ee MmapaMeTpsl), MOXKHO OMPEIETUTh HeOOXOUMBIE 3aITachl IPOYHOCTH IEMEHTOB
KOHCTPYKITHH JKeIIe300€TOHHBIX COOPYKEHUH TEIUIODHEepreTHKH. Vcmonp3oBaHne
MPOEKIIMOHHO-UTEePAMOHHBIX cxeM MKD mo3BONsSeT 3HAYMTENHHO yMEHBIIUTH
KOMITBIOTEPHOE BpeMsl pacueTa MO CPaBHEHHWIO ¢ TpaauimoHHBIM MKD mis mura-
CTHHYATOTO DJJIEMEHTa >KeNe300€TOHHBIX KOHCTPYKIHMUA (TSI PacCMOTPEHHBIX
KJIACCOB MaTepHayia i BUI0B apMupoBanust ot 20 mo 40 pa3z).

BeiBoabl. PaccMOTpeHHBIE aNTOPUTMBI pacdeTa HanpsHKEeHHO-aehopmupo-
BAaHHOTO COCTOSIHHS DJIEMEHTOB JKEJIe300€TOHHBIX KOHCTPYKINKA OOBEKTOB TETIIO-
SHEPTeTHKH TO3BOJISIOT MCCIEAOBATh DSl BAXXHBIX BOIPOCOB MX JKCIUTyaTallHU.
Hcmonp30BaHne TPOEKIIMOHHO-UTEPAMOHHBIX cxeM MKD mo3Bommio cyme-
CTBEHHO YMEHBIIUTH Bpems pacueta napamerpoB HJIC (manpspxenus u nedopma-
[IUN) W TIPEAETBHBIX COCTOSHUIN (HArpy3KH, BBI3BIBAIOIINE TOSBICHHUE TUIACTHYE-
CKHuX AehopManyii WK TOSBJIICHHE TPEIIMH B OETOHE) 10 CPAaBHCHUIO C TPAIHIIH-
oHHbIM MKD Ha omHO# Menkoil ceTke (yMEHBIIIEHHEe BPEMEHH pacyeTa B 3aBHCH-
MOCTH OT Kjlacca O€TOHa, BHJa apMHPOBAHMS IS ITUTACTUHYATHIX DIIEMEHTOB C
MPSIMOYTOJEHBIMA OTBEpCTHSIME cocTaBmiio oT 20 10 40 pas).

BapsupoBanue kiaccoB 0eToHa, mapaMeTpOB apMHUPOBAHHS TIO3BOIISIET OIIpee-
JIUTH HEOOXOMMBIE 3aIachl MPOYHOCTH KOHCTPYKIIHH.

PesynbTaTel mccenoBaHMA 11E1ec000pa3HO MCIIONB30BATh MPH ONTUMAIEHOM
MIPOEKTHPOBAHUH COOPYKEHUH TeruiodHepreTHku. OHU MOTYT OBITh TaKke MpUMe-
HEHBI IS APYTUX KOHCTPYKIMHA W3 KOMIIO3WTHBIX MaTepHalIOB, HEOIHOPOIHOCTh
KOTOPBIX MOJIEITUPYETCS CXeMOI: OCHOBHOM MaTepHas ¥ BBICOKOMPOUYHBIE MTOIKPETI-
JISFOIIME AIIEMEHTHI. B 4acTHOCTH, BO3MOXKHO HCIIONB30BaHUE PE3yJILTATOB JIJIS dJie-
MEHTOB KOHCTPYKIIUH a9POKOCMHYECKON TEXHUKH.
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