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Iix yac excruryaranii ciopyi BUHMKAKTHL CUTYAllil, KOJIM HeoO0XiIHO 3MIHMTH IJIAHYBAJIbHE
pillleHHs1, sike Belde 10 BTPYYaHHsl B Hecydi ejleMeHTHM KoOHCTpykumil. Ilincumnennss O6yab-sikoro
eJleMEeHTAa KOHCTPYKIII OXOIUIIOE He TiTbKH BU3HAYEHHS CTYNeHs MOIIKO/KeHHS eJieMeHTa, aje i
MeToay iforo miacujieHHsa. Came BU3HAUeHHSI CTYNeHsI MOIIKOUKEHHS € HAIBBUYAHHO CKJIAHUM 1|
BiINOBIIAILHMM 3aBJAHHAM sl ickeHepa. B OinbliocTi BUNAAKIB MOIIKOMIKEHUN eJIeMEHT
BBAKAETHCSA TAKUM, 110 He MOKe CIIPUIiMATH HABAHTAKEHHA i, AK HACJIIOK, Mi/I Yac MPOEeKTYBAHHS
MiICHJIEHHS HOBi eJIeMeHTH NiICUIeHHs] PO3PaxoBYIOThbesl 0e3 BPaxXyBaHHsSl HeCY4ol 3/aTHOCTI
MOLIKO/UKeHOro ejieMeHTa. Takuii minxin He BUNpaBaoBye cefe y BHIAAKY, KOJM MH 3MylIeHi
BPaxoBYBATH radapuTH ejieMeHTAa micjs migcuienns. ToMy o ToyHile MM 3MOKeMO BU3HAYUTH
(aKTHUHHUI CTaH NOIIKOKEHOro (aBapiiiHOro) ejgeMeHTa, TO eQeKTHBHIlIE 3MO0KEMO YCYHYTH
aBapiiiHy cuTtyaniio 3 MiHiMAILHUMH 3MiHAMH OKA3HUKIB MPUMILLIEHHS, CTIOPY/AH, TOLIO.

Karo4oBi cjioBa: MoJeioBaHHs, 3a/1i300eTOHHMI eJleMeHT, Hecy4a 3aTHICTb.
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During the operation of the building there are situations when it is hecessary to change the
planning decision, which leadsto inter ference in the bearing elements of the structure. Strengthening
of any dement of design — a complex engineering task that involves determining the degree of
damage and the method of its strengthening. In most cases, the practice is used — the damaged
eement is considered to be unable to accept the load, and as a consequence, when designing the
reinforcement, the new reinforcement elements are calculated without taking into account the
bearing capacity of the damaged element. This approach jugtifies itsdf in the case when the new
dimensions of the damaged dement after the reinforcement are not limited. Very often we have to
take into account the dimensions of the item after strengthening in order not to violate the
requirements of the operation, not to disturb the existing production lines in production, the
possibility of the strengthening in terms of manufacturability and also, of course, the financial
component. With the above said, we can conclude —the mor e accur ately we can deter mine the actual
condition of the damaged (emergency) dement, the mor e efficiently we can eliminate an emer gency
gtuation with minimal changes characteristics of buildings, structures, and so on.

Key words: mathematical modeling, concr ete elements, carrying capacity.

Beryn. [lopymmuTy 10 TeMy Hac CIIOHYKaB 0araTOpiuHWEN JTOCBiZ OOCTEXKEHHS HasBHUX KOHCTPYK-
i JUIS BCTAHOBJICHHS IXHBOTO (haKTUYHOIO CTaHy, BH3HAYCHHS MOMKJIMBOCTI O€3MEYHOT MOJANbIIOl
eKcIuTyaTarii 3riguo 3 [1, 2]. 3araasHOBIIOMO, 10 3a3BUYall IHKEHEp OTPUMYE 3aMOBJICHHS Ha BUKOHAHHS
TEXHIYHUX BHCHOBKIB, KOJIM cIiopyzAa abo il OkpeMi eleMeHTH repe0yBaloTh B HE3aJ0BUILHOMY abo aBa-
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piitHoMy cTaHi. B 6araThox BUMagkax MU 3MYILIEHI JaBaTH BUCHOBOK IPO HEOOXiJHICTh 3aMiHU TIEBHOT'O
eneMeHTa abo BUKOHAHHS HOTO MiJICHIICHHS. 3yMMHUMOCH JICTANIBHIIIIE HAa JPYrOMY — Ha ITiJICHIICHHI.

[liarpyHTAM 111 TOAAIBINOT JOCTITHUIIBKOT pOOOTH CTallM pe3yIbTaTH OOCTEKEHHSI Ta PEKOHCTPYK-
il HU3KH IPOMUCIIOBHX CIIOPY/I:

— 3HAYHI MOMIKOHKCHHSI 3aJ11300eTOHHUX pureniB (puc. 1);

— HasIBHICTh MOPYIICHb Y TEXHOJIOr1i BUTOTOBIICHHS PUTeNiB (3aXMCHUIA 1Iap, MOPYLICHHS FeoMeTpii
onanyoku) (puc. 2);

— HasABHI MOHTA)XH1 BIIXUJICHH,

— HasIBHICTH 30ipHUX 3aJTi300€TOHHUX EIEMEHTIB, 110 HAJISKATh JI0 TIEPIIUX THIIOBUX cepiit 30ipHOTro
3aJ1i300eTOHy. 3HAHTH Oy/Ib-SIKi MaTepialiy MI0/I0 ApPMYBaHHS — HEMOXJIUBO.

— CYBOp1 BUMOT'H IIO/I0 TabapuTiB MallOyTHBOTO TiICHIICHHS 31 CTOPOHH 3aMOBHUKA.

Puc. 1. [lowkoooicenns yeHmpaibHozo Puc. 2. [Nowkoooicenns 3yMo8aeHi nopyueHHsIM
Hecy4o20 puzens MexXHON02IUHO20 NPoYecy 8US0MOBNEHHS

Merta Ta 3apadi qocaimkens. Mera 11ie€l poO0TH — cUCTEeMaTHU3YBaTH MMiXija Ta pakTopH, sKi BIUIUBAIOTh
Ha TIPOLIEC TIPUAHATTS PILlICHHS 100 MMiICHIICHHSI TIOMIKO/PKEHOro (aBapiiiHOro) 3a1i300€TOHHOTO eIIEMEHTA.

BinnoBiaHo 10 MeTH poOOTH BU3HAYEHO TaKi 3aBIaHHS:

— aHaNi3 YMHHUKIB, [0 BIUIMBAIOTh Ha TIPOLIEC MOJEIIOBAHHS I1CHYIOYWOIO 3alli300€TOHHOTO
eNIeMEeHTa 3 METOI0 BU3HAYEHHsI (PAKTUYHOI HECy4oi 371aTHOCT.

Pe3yabTaTu aocaimkens. s peanizanii nmocrasneHoi 3a1a4i BHOpaHO MporpaMHuii Komruieke Femap,
SKUM MICTUTh po3paxyHkoBuii Momyiab NX Nastran. Femap pae 3Mory MmBHIKO Ta 3pY4HO MiITOTYBAaTH
pO3paxyHKOBY Momenb (puc. 3), a TaKOK MPOBOIAWTH IMIIOPT MOENEH BHKOHAHHWX B IHIIMX IPOTPAMHIX
komrutekcax (sx mpukiman Solidwoks, Abaqus, Ansys, Cagfem, Genesis, Ls-Dyna3D, MARC ta i) [3, 4].
Femap e cepenoBuiiieM is MATOTOBKH KIHIIEBO-SJIEMEHTHUX MOJENIEH KOHCTPYKILH 1 BIAIMOBITHUX KpaioBHUX
3a/1a4 I mojaisioro ix pospaxyky (Finite Element Modeling, npe-miporiecop), a Takox [uist Tiepervisiay i
JIOKyMEHTYBaHHsI pe3y/bTariB po3paxyHky (POst-processing, mocr-mpoitecop). 3 momoMoroo Femap moxkHa
migrorysary st NX Nastran, cepen iHImX, KpaioBi 3aaa4i JIIHIKHOTO a00 HEJIIHIMHOTO CTATHYHOTO HPYXKHOTO
CTaHy, CTAaTUYHOrO TUIACTUYHOrO CTaHy, MOB3YYOCTi, KOHTAKTHOTO aHAII3Y, ONTUMI3allli KOHCTPYKIIH 1 iHII.
Komcrpyxkiiist (uur cepenoBuiie) Moke OYTH armpoKCHMOBaHA PI3HUMH KiHIIEBUMH €JIEMEHTaMH. OZHO-, JBO- i
TPUBHMIPHUX 3 PI3HUMH BJIACTHBOCTSMH, 3 PI3HUX MaTepialliB, XapaKTEPUCTHKU SKUX MOXYTh 3JISKATH BiJl
TeMIIepaTypH, IIBHIKOCTI aedopmyBanus Tomo. Femap with NX Nastran mabysae cTpiMKOroO MOIIMPEHHS B
IHXKEHEPHIM NPaKTHIIi 3aBISKH MPOCTOTI i YHIBEPCATBHOCTI.

Ha »xanb, y pamkax ojniei myOuikailii HEMOXJIMBO PO3IJISHYTH BECh IMPOIEC MOJETIOBAHHS Ta
pPO3paxyHKy pHreiss i MU BHPIIIWINA TOCTYNIOBO BHUKJIAJATH JIETANBHINIY iH(OPMAIi0 B HACTYITHHX
MyOJTiKaIisX.

I[Tix yac poGOTH HAJ UM IIACUICHHSM BUPIIIEHO TaKi MPOOIeMHU:

— MOJICITIOBAHHSI ICHYIOYOTr0 3aJ1i300€TOHHOTO eIEeMEHTa 3a I0MOMOrorw okpemux “ Solid” enemeHTiB
B cepeaoBul Femap;

— MOJICJTIOBAHHS apMaTypHUX CTPIKHIB 3a mgomomororo SOlid ememenrtiB. Take mNHUTaHHSA €
HAJ3BHYAHO BaXIMBUM. FEmMap, sk 1 OUIBINICTh CyYacHHMX NPOrPAMHHX KOMILJICKCIB, HE JIO3BOJISE
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MOEAHYBATH B OMHIM Momeni exementr “Solid” ta “Lin€’, mo npu3BoauTh 10 BENUKOI 3aTpaTy B Yaci Ha
MOJICTIOBAHHS apMaTypHUX CTPIKHIB 3a mormomororo “Solid” exementie. Mu BHIIpoOyBaaM METOAMKY
MOJICTTIOBAHHS apMyBaHHS 3a jgormomoroio “Ling’ ememeHTiB 3 momanbinoo KoHBepTamieo ix y “Solid”
SJIEMEHTH Ta aJamnTallii Mozesi OCTOHY 3T1IHO 3 PO3TAIllyBaHHSIM apMyBaHHS;

— PO3MJISHYTO NHUTaHHS KOHTAKTy MpPU MOJCIIOBAHHI 3YCIUICHHS apMaTypu 3 OCTOHOM IpH
MOJIC/TFOBaHHI B cepenoBHMiLi Femap;

— IIPOBEJICHHIA aHAI3 BIUTMBY Ha PE3YJIbTaTH PO3PAXYHKY PUTENIS PI3HIUX METOIMK MOJICITFOBAHHS OIIOp;

— MPOBENCHUI aHaJi3 MaTeMaTHYHUX MOJENIEH IJis IPOBENCHHSA PO3PaxXyHKYy. BukoHaHuii aHai3
repeBar 1 HeOIIKIB 00paHuX MoJeNeH.

Puc. 3. Mooeniosanns puzens 6 cepedosuwi FEMAP

PesynbraToM MpoOBEIeHOI pOOOTH CTall0 BHKOHAHHS POOOYHMX KPECIIEHb MiJCHIICHHS IIEHTPAIbHUX
purenis ciopyau (puc. 3-5).
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Puc. 3. Cumyayitina cxema posmauiysanns puzenie
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Puc. 4. Bapianm niocunenns onopnozo 6y3ia
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BucnoBku. [IpoanamizyBaBmM oTpuMaHi B Tporeci poOOTH pe3yinbTaTd, MOXHA 3pOOHMTH Taki
BHCHOBKHU: 3aCTOCYBaHHS B TOBCSKICHHIH pOOOTI iHXeHepa MaTeMaTHYHOIO MOJIENIOBAHHS 1CHYIOUMX
3aTi300€TOHHUX KOHCTPYKIIH TpH BHU3HAYEHHI IXHBOro ()AaKTHYHOTO HECYdOoro CTaHy JacTh 3MOTY
OTpUMAaTH HabaraTo JOCTOBIPHII pe3yIbTaTH MOPIBHSHO 3 aHATITHYHAMHU MeToJaMHu. MoJIeNoBaHHS Ja€e
3MOTy OLIIHUTH BIUTHB 0araTbOX YMHHUKIB HA HECYYY 3/IaTHICTh ICHYIOUOT'O EIEMEHTA!

— BIUIMB JIepeKTIB BUTOTOBJICHHS 1 MOHTAXY;

— BIUTUB IOIIKO/PKEHb €IIEMEHTA;

— TOYHIIIE MOJICNTIOBAHHS CXEeMH HaBaHTAa)KEHb,

— miabip HallepeKTUBHIMIOr0 METOLY MiJICHIICHHS.

TakuM 4YMHOM MpPOBENEHI MOCTIIKEHHS MAalOTh I[IHHY 1H()OPMAaTHBHO-aHATITHYHY JOCIIIHHIIBKY
0a3y, € 3a CBOEIO CYTTIO BapTUMH IOJAIBIIOTO0 PO3BUTKY JUIS OTPUMAHHS METOIUYHUX BKa3iBOK HIOI0
BIIPOBQ/KCHHST MATEMaTHYHOTO MOJICIIOBAHHS B TMPOIEC BU3HAYCHHS (AKTUYHOTO HECYYOro CTaHy
OKpPEMHUX EIEMEHTIB KOHCTPYKIIiT 3a JIONMOMOT00 CYYaCHUX MPOTrpaMHUX 3acO0iB.
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