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Rezumat:

Ca tema a tezei, am ales "Calcul stabilitatii fermelor metalice si consolidarea lor rationald".

Obiectivul principal al acestei lucrari este de a dezvolta metode de determinare a partilor slabe si a elementelor de ferme metalice

Primul capitol dezvolta metode analitice pentru determinarea partilor slabe si a elementelor structurilor metalice folosind
reactiile principale, gradientul fortei critice asupra rigiditatii elementelor, gradientul stérii starii critice. Se prezintd o metoda de
determinare a coeficientilor de activitate bazatd pe principiul energiei si FEM, precum si o metodd numericd pentru determinarea
factorilor de mai sus. Determinarea sarcinii maxime pentru un element curbat comprimat al structurii, tindnd seama de evolutia
deformatiilor plastice ale sectiunii transversale si de conditiile reale de fixare in noduri. Determinarea rigiditatii la incovoiere a
elementelor curbate, folosind metoda a doua sectiuni calculate.

Cel de-al doilea capitol descrie principalele tipuri de defecte ale fermei metalice si cauzele acestora. Detaliile sunt considerate
metode si recomandari pentru consolidarea structurilor metalice, precum si evaluarea eficacitatii diferitelor modalitati de consolidare a
fermelor in functie de indicatorii agregati.

Tn cel de-al treilea capitol sunt luate in considerare calculele diferitelor scheme de intirire a fermelor de foraj realizate cu ajutorul
biroului Scad. Calculul capacitatii portante a barelor de acoperis, tinand seama de curbura elementelor individuale. Calcularea
elementelor feroase de ferme metalice. Calculul structurii metalice cu zébrele.

Valoarea practica a lucrarii consta in faptul cad metodele de calcul dezvoltate si complexul software si de calcul pot fi utilizate
direct pentru a studia functionarea sistemelor de miez de metal, inclusiv a celor cu defecte initiale. Aplicarea metodologiei dezvoltate
conduce la utilizarea eficientd a materialelor structurale in consolidarea fermelor de acoperis.

Fiabilitatea rezultatelor obtinute este confirmati de aplicarea metodelor si principiilor fundamentale ale mecanicii solide a unui
corp deformabil, solutia problemelor de testare care au fie o solutie analiticd binecunoscuta, fie o solutie obtinuta prin alte metode.

Resume

As the theme of the thesis, | chose "Calculation of the stability of metal trusses and their rational strengthening".

The main objective of this work is to develop methods for determining the weak parts and elements of metal trusses in the
limiting state of stability and the search for rational schemes and ways to strengthen them.

The thesis consists of theoretical and practical parts. The theoretical part of the work consists of 2 chapters.

The first chapter develops analytical methods for determining the weak parts and elements of metal trusses using the main
reactions, the gradient of the critical force on the stiffness’s of the elements, the gradient of the condition of the critical state. A method
for determining the activity coefficients based on the energy principle and the FEM, as well as a numerical method for determining the
above factors, is given. Determination of the maximum load for a compressed curved element of the truss taking into account the
development of plastic deformations of the cross section and the actual conditions of fastening in the nodes. Determination of bending
stiffness of curved truss elements using the method of two calculated sections.

The second chapter describes the main types of defects in metal trusses and their causes. Details are considered methods and
recommendations for strengthening metal trusses, as well as evaluating the effectiveness of various ways to strengthen trusses according
to aggregated indicators.

In the third chapter, the calculations of various schemes for the strengthening of beam trusses made with the help of the Scad
office are considered. The calculation of the carrying capacity of roof trusses, taking into account the curvature of individual elements.
Calculation of weak trusses of metal trusses. The calculation of the gain truss metal truss.

The practical value of the work lies in the fact that the developed calculation methods and the software and computing complex
can be directly used to study the operation of metal core systems, including those with initial defects. The application of the developed
methodology leads to the effective use of structural materials in the strengthening of roof trusses. The reliability of the results obtained
is confirmed by the application of fundamental methods and principles of solid mechanics of a deformable body, the solution of test

problems that have either a well-known analytical solution, or a solution obtained by other methods.
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BBenenue

Hecymas crmocoOHOCTh U HAJAEKHOCTh CTPOHUTENBHBIX KOHCTPYKIMHA B OOJbINEH CTENEHU
ONpEAENsAETCS YCTOMYMBOCTBIO CXaTbIX dJeMEHTOB. IlepBoe TeopeTnueckoe uccleqOBaHKE
YCTOMYMBOCTHA YIPYroro IEHTPAIbHO-CKATOTO CTEpXHS Obuto mpoBenaeHo JI.  Dimepow.
PaccmarpuBanuch BOMpOCHl pabOTHI C)KATOTO CTEPKHS KAaK B YINPYrod, TaKk U B IUIACTUYECKOU
CTaJuAX, & TaKK€ BOIPOCHI MOTEPU YCTOMUMBOCTH NPU HATUYMU SKCIIEHTPUCUTETOB MPUIOKEHHUS
HArpy30K W HaYallbHOM MOTHMOM CTEepKHEW. DT 3aJaud pelIaauch MPUOIMKEHHBIMU METOJaMHU,
IIOCTPOEHHBIMU HAa OCHOBAHMHM PsJ1a YIPOLIAOIIUX TUIIOTE3 U JOMYIICHUH.

VYiydiieHue kadyecTBa M HaJEKHOCTH KOHCTPYKLIMH, YCIOXKHEHHs YCIOBUN MX pabOThI B
NepHoJ HKCIUTyaTalli, a TAaKK€ BHEJIPEHUE HOBBIX CTPOUTEIBHBIX MATEPHAIOB, BHICOKOMPOYHBIX
CTaJIell MPUBOIUT K HEOOXOIUMOCTH JAIbHEHUIINX UCCIEAOBAaHUMA B 001aCTH TEOPHUH YCTOWYMBOCTH
U pa3paboTKe YTOYHEHHBIX METOJOB pacuera CTPOUTENbHbIX KOHCTPYKIUN. YTOUHEHNE BEIHMYHHBI
IpeebHON Harpy3KH ¢ Y4eTOM TakuX (PakTOpoB Kak popma HauaaIbHOTO HCKPUBIIEHUS OCH CTEPHKHS,
pa3BUTHE IUIACTUYECKUX 30H B CTEP)KHE U T.J. BO3MOXKHO JIMIIL HA OCHOBAHMM CTPOIOW METOJUKU
pacueta 6e3 IOMOIHUTENIBHBIX YIPOIIAIOIIMX TUIIOTES.

B Hacrosmiee BpeMs OCHOBHBIM BHJOM METAUIMYECKUX KOHCTPYKUIHMM TOKPBITUH
MPOMBIIUICHHBIX 3[aHUI SBISIOTCS CTPONUIIbHBIE (epMbl. MHOTOJETHHUIM OMBIT UX AKCILUTyaTalluH
CBHUJICTEJILCTBYET O TOM, YTO CYIIECTBYIOLIME METOJbl pacyera OTPAKaIOT YCIOBHS DPaOOTHI
OTJIE/IbHBIX CTEP)KHEH B KOHCTpYKUMHU. OIHAKO, IO MEpe IKCILTyaTallud KOHCTPYKLUHU B IIEJIOM €€
3JIEMEHTHI MPUOOpETAIOT TeoMeTpudeckue U (U3UYECKHe HECOBEpIICHCTBA KAaK MECTHOTO, TaK U
o01ero xapakrepa, KOTOPbIE MOHMKAIOT UX HECYIIYIO CITOCOOHOCTS.

IIpyunHa aBapuil 4acTO 3aKJIIOYAeTCAd B MMEIOLIMXCS FE€OMETPUUECKHUX HECOBEPLIEHCTBAX
crep>kHelt gpepm. [loaToMy npu OIEHKE FKCIUTYaTallMOHHOTO COCTOSIHUSL HEOOXOJMMO MaKCUMAJIbHOE
NPUBEJCHUE PACUETHBIX CXEM K YCIOBHSIM pabOThl OTIACNIBHBIX cTepxHel. Takoil pacuer mo3BoIUT
BBIJICJINTh CTEP)KHH, HYKIAIOIIMECS B UX HEMENJICHHOM YCUJIEHUU U CTEPKHU C MOTEHIMAIBHO
HEOMACHBIMM TE€OMETPUYECKUMH JedeKTaMu. YBEJIWYEHHE TEXHOJOTHYECKUX BO3JIEHCTBUI,
NOBBIIIIEHHE 00beMa U MHTEHCH(UKALMs MPOU3BOACTBA HEPEIKO CBSA3aHBI C POCTOM HArpy3oK Ha
KOHCTPYKLIMH, YTO 3a4acTyl0 OOyCIaBIMBaeT HEOOXOAMMOCTh MOBBIIICHHUS HECYIIEH CIIOCOOHOCTH
TaKUX KOHCTPYKLHN 32 CUET YCUIICHHUS.

Ycunenue ocymecTBISIOT JU00 TOCIIe MPeIBAPUTEIHHON pa3rpy3Ku KOHCTPYKIIUM, INOO B

HAIIPSA’KCHHOM COCTOSAHHWU ITPU ,Z[GﬁCTBHH 9KCINTYaTAllMOHHBIX HArpy3okK.



Opnu u3 Haubosee pacIpPOCTPAHEHHBIX METO/I0B YCUIICHUS SBIISETCS YBEIMUEHUE CEUCHUN
3JIEMEHTOB. B OoJIbIIMHCTBE HCCIENOBaHM, MOCBALICHHBIX 3TOMY BONPOCY, CTAaBMJIACH IIEJb
pa3paboTKu, MPUOIMKEHHON MHKEHEPHONH METOIMKH pacdeTa yCHIMBAEMBIX CTEp)KHEH, OJHAKO B
HUX OTCYTCTBYET CPaBHHUTEIbHBIN aHATN3 CXEM U CIIOCOO0B YCUIICHHS] KOHCTPYKIIMH B LIEJIOM.

Ilens wmccnenoBaHUs COCTOUT B pa3pabOTKe CIOCOOOB OMNpeACNICHHs] CIa0bIX 4YacTed W
3JIEMEHTOB B TNPEAETbHOM COCTOSIHMM, Ha YCTOHYMBOCTH ISl METAUIMYECKUX (epM M TOUCK
palMOHAIBHBIX CXEM U CIIOCO0O0B YCUIICHUS UX.

[Tpu ocyuiecTBIEHNN ATON 1ENH OBLIM MOCTABJICHBI U PEIICHBI CIEAYIOUINE 3a0a4u:

1) Ha ocHoBe aHanu3a MNpeAeNbHOTO COCTOSIHHSI METaUIMYECKUX (epM U3  YCIOBUS
YCTOMYMBOCTH pa3paboTaHa METOAMKA OMpPEIeNICHHUs CIa0dbIX 4acTe C MCIOIb30BAHUEM TJIaBHBIX
peaKIui )KECTKUX Y3JIOB.

2) Pa3paboTaHO HECKOIBKO CIIOCOOOB OMPE/ICICHUSI aKTUBHOCTH KaXkI0TO dJIEMEHTa (hepMbI B
obOecrieueHNH HECYIIeW CIOCOOHOCTH €€ W3 yCIoBUA oOmeld ¢GopMbl MOTEPH YCTOMYMBOCTH C
UCTIOJIb30BaHUEM:

- TpajiveHTa KPUTHUECKOW CHIIBI IO KECTKOCTSIM HJIEMEHTOB,;
- TpaJMeHTa YCJIOBUS KPUTUYECKOTO COCTOSHUS, COCTABJICHHOIO M0 METOY MepEeMEIICHHUIA;
- TOTOBBIX (pOPMYJI, TOJYYCHHBIX HA OCHOBE METO/Ia KOHEUHBIX deMeHToB (MKD).

3) Pa3paborana MeToAMKa TPOBEPKH HECYyLIeH CHocoOHOCTH (epM C HCKPHUBICHUSIMHU
OTJICITHHBIX DJIEMEHTOB M JIaHA OIEHKa UX OOIIeH YCTOMYMBOCTH B YIPYTOH U YIPYTOIUIACTUYECKOM
CTa/IuAX.

4) Paspabotan OOIIMIi alrOpPUTM TIOMCKA PAIlMOHAIBHOW CXEMBI M CIOCOOOB YCHJICHUS
CTPONUJIBHBIX (hepM Ha OCHOBE aHaNIM3a K03 puiimeHToB 3¢hPeKTUBHOCTH ISl pa3IMYHBIX CIIOCOOOB
YCUJICHHUS.

3amMeTuM, YTO 3aJaya JaHHOW paboOThl COCTOMT HE B pacueTe YCHJIEHHBIX 3JEMEHTOB
MeTAJIIMYeCKUX (epM, a B MOMCKE PAllMOHAIBHONW C TOYKH 3PEHMsI TOBBIIMICHUS KPUTUYECKOU
Harpy3kH CXeMBbI U criocoda ycusieHus. PemenneM 3Toil 3aaun 10CTUTAETCS HE TOIBKO HKOHOMHUS
MarepHuaia, HO U yMEHBIICHHE TPYJOEMKOCTH KaK H3TOTOBJICHUS 3JIEMEHTOB YCHUJICHHS, TaK H
MOHTaKa YCUJIMBAEMbIX KOHCTPYKIIHIA.

B mepBoii rimaBe pazpabaThIBalOTCS aHATUTHYECKHE CIIOCOOBI ONPEEICHHS CIa0bIX JyacTen
U 3JIEMEHTOB METATMYECKUX ()epM C MPUMEHEHHEM TJIaBHBIX PEaKIHi, rpaJueHTa KPUTHIECKOH
CHJIBI TIO JKECTKOCTSIM 3JIEMEHTOB, T'PAJMEHTa YCJIOBUS KPUTHYECKOTO COCTOSIHUS CTEPKHEBBIX

cucreM. [lpuBomutcs cmoco0 ompeaeneHuss Kod(PQPUIMEHTOB aKTUBHOCTH Ha  OCHOBE



sHepreTudeckoro npuHouna 1 MKD, a Takke 4HMCIEHHBIA METOJ| OMpPEACSICHUs] BbIIICYKa3aHHBIX
ko3 duuuentoB. OnpeneneHne MpeaeTbHOW HArpy3Kd sl C)KaTOTO HCKPHBIEHHOTO 3JIEMEHTa
(epMBbI C y4eTOM pa3BUTHA IUIACTHUECKUX Ae(opMariii ceueHus 1 pealbHbIX YCIOBUH 3aKpETICHUS
B y3nax. Onpenenenrne M3ruOHON KECTKOCTU UCKPUBJICHHBIX 3JEMEHTOB ()epM C HCIIOIb30BaHHEM
METO/Ia IBYX PACUETHBIX CEUECHUH.

Bo BTOpoi#l rnmaBe MpUBOIATCS BHUIBI Ne(DEKTOB METANTMYSCKUX (epM MU MPUYIUHBI UX
BO3HUKHOBEHUS, OOLIMPHBIN aHATH3 CXEM U CITIOCOOOB YCHIICHHS HECKOJIBKUX THUIIOB METAITHYECKUX
depMm c ompeneneHneM TEXHUKO-3KOHOMUYECKHX MoKa3aTened. boiabIrMHCTBO U3 3TUX epM B3ATHI
U3 pealibHbIX KapKacoB MOMEPEYHBIX METAIIMUYECKUX PaM.

B tpeTeii rmaBe BBIOTHEHBI pacueThl pa3IMYHBIX CXEM YCHIICHUs OATOYHBIX (epM, pacdeT
OTIpeNieNIeHUs] HeCyIleld CIOCOOHOCTH CTPONMIIBHBIX (epM C Yy4eTOM HCKPHBICHHH OTAEIBHBIX
3JIEMEHTOB, pacdeT ONpeeNIeHNUs CIA0bIX y3JI0B CTPOMMIBHBIX METAITUYECKUX (hepM.

Pabora 3aBepiiaercs 3aKiII0U€HUEM U CIIUCKOM JIUTEPaTyphl.
Hayunas HoBu3Ha paOOThI 3aKJII0YAETCS B CICAYIOMIEM:

- BIEpBbIE pa3paboTaHbl CHOCOOBI OIEHKM AaKTMBHOCTU KaXIOTO 3JEMEHTA(YMCICHHO) B
o0ecrieueHn HECYyIIed CIMOCOOHOCTH (epMbl M3 YCIOBUS YCTOWYMBOCTH M OMPEICICHUS
cnabbIX DJIEMEHTOB, YCWICHHE KOTOPhIX HamOosiee 3()(PEKTUBHO TMOBBHIIIAET HECYIIYIO
CIOCOOHOCTH (epM;

- pa3paboTaHbl aJNrOpPUTM U METOAMKA TPOBEPKHM Hecylledl crmocoOHocTH ¢epM ¢
UCKPUBJICHUSIMH OTAEIBHBIX AJIEMEHTOB, KOTOPHIE OLIEHMBAIOTCA KaK COBEPLICHCTBOBAHUE
Mmeroauku CHull;

- Ha OCHOBE aHaJIM3a MPEAETHHOI0 COCTOSIHUA (pepM M3 YCIOBHS YCTOHYMBOCTU pa3paboTaH
QITOPUTM TOMCKAa Hamboyiee pPAIMOHAIBHOM CXEMBl M CIOco0a YCHIIEHHS HX C y4eTOM
TEXHHKO- YKOHOMUYECKHUX MMOKa3aTesae yCHIeHus.

[IpakTuueckasi IEHHOCTh PabOTHI COCTOUT B TOM, YTO pa3pabOTaHHBbIE METOJIbl pacuera u
IPOTPAMMHO-BBIUMCIIUTENIBHBIA KOMIUIEKC MOTYT OBITh HEMOCPEICTBEHHO HCIOIb30BAHbBI JUIS
UCCIIEIOBaHUsS pabOThl METAUNIMYECKUX CTEP)KHEBBIX CHCTEM, B TOM YHCIE€ C HadaJlbHBIMH
nedexramu. [Ipumenenue pazpaboTaHHON METOIUKH MPUBOAUT K 3(PPEKTUBHOMY HCITOTH30BAHUIO
KOHCTPYKIMOHHBIX MaTEPHAJIOB MPU YCUIICHUH CTPOIUIBHBIX (PEPM.

CrpykTypa paboThl. [IUIJIOM COCTOMT W3 BBEAEHUS, TpeX TIJIaB, 3aKJIIOUEHHUS U CIIUCKA
JUTEpaTypsl, BKIOYatoiero 26 HaumeHoBanui. [lonuelii 00beM auriomMa 76 cTpaHuilL., BKIodas 48

PUCYHKOB U 45 Ta0muil.



