CALCULATIONS Magazine of civil engineering, Ne8, 2010

MpoeKkT1poBaHMe KapKacoB 3AaHUI N3 TOHKOCTEHHbBIX XONOAHOMHYThIX
npocpuneit B cpeae «SCAD Office»’

K.m.H., doueHnm B. B. FOpuYeHKo*,
Kuesckuli HayuoHanbHbIl yHUBepcUmem cmpoumesibcmea U apxXumeKmypbl

CerogHs Ha OTEYECTBEHHBIN PbIHOK METANNOKOHCTPYKLUUA aKTUBHO WMMOPTUMPYIOTCA NErkMe CTpOoWTEmNbHble
KOHCTPYKLUMM N3 TOHKOCTEHHbIX XONOAHOMHYThIX Npodhuneit, KOTOpble HALLMKW LUMPOKOE MPUMEHEHUE B CTPOUTENBHON
WHAYCTPUM B KapKacCHbIX 30aHUSIX U COOPY>KEHUSX PasfMYHOro HasHaveHus [6].

XapaKTeprlmm YyepTaMn nerknx ctaribHbIX TOHKOCTEHHbIX KOHCprKLI,I/IVI ABMAKOTCA: Manada MeTaryioeMKOCTb,
BbICOKaA TEXHOJIONMYHOCTb U ﬂpVICﬂOCO6ﬂeHHOCTb Anda n3rotoByieHMaA Ha NMOTOKOBbLIX aBTOMATU3NPOBAHHbIX JIMHUAX,
TPaHCNOPTUPOBKKN, a TaKXKe OnA KOHBeVIepHO-GﬂOHHbIX N Opyrnx yCKOpeHHbIX MeTOA4O0B MOHTaXa; BbICOKadA CTEMNeHb
3aBOACKON FOTOBHOCTW, BO3MOXHOCTb KOMIMJIEKTHOM MNOCTaBKU LieSbIX MOAYIbHbIX 30aHUN UM ux HeCyLunx
3JIEMEHTOB.

Mcnonb3oBaHue nerkux cranbHbIX KOHCTPYKUMA U3 TOHKOCTEHHbIX XONOAHOMHYThLIX NPOdUnen B CTPOUTENBHOWN
npaktnke wumeeTt, 0e3yCrnoBHO, LUEenbii psg MNpeumyLlecTtB, ODYCMOBMNEHHbIX, Mpexae BCero, IEerkoCTbl 3TUX
KOHCTPYKUWA, N CBA3AHHBIM C 3TUM MOHMXEHWEM TPaHCMOPTHbLIX PacxXOAdOoB, COKpaLLEHMEM CPOKOB CTPOUTENbCTBA,
MUHUMalnbHbIM UCNOJNb30OBaAHNEM CTPOUTENTbHbLIX MaLLUH. B kauecTtBe HeaoCTaTKoB MOXXHO OTMETUTb Oonee BbICOKYHO
BEPOSATHOCTb MOBPEXAEHUS TakMX KOHCTPYKLWMIA MpW TPaHCMOPTUPOBAHMKM, NOrpy304HO-Pa3rpy30oyHbIX paboTax u Ha
MOHTaxe.

BHegpeHne B MpakTUKy CTPOUTENbCTBA KOHCTPYKLUMA U3 TOHKOCTEHHbIX XONOAHOMHYThIX npodunen ssnsetcy
aKkTyanbHbIM U 3KOHOMMYEeCcKM 06OCHOBaHHbIM. MI3BecTeH psig obnactern npumeHeHus, rae 3deKTUBHOCTL KapKacos
3[0aHWNA N3 TOHKOCTEHHbIX XONOAHOMHYTLIX Npodunen aenseTcs Hanbonee BbICOKOW, @ UMEHHO: XWUIble OOHO3TaXHble
30aHMs, B T.4. KOTTEMKM, 34aHUA aOMUHUCTPATMBHOIO U TOProBO-ObITOBOrO Ha3HA4YeHWsl, KpbiTble CMNOPTMBHbIE
COOPY>XEHWsi, TOProBO-BbICTABOYHbIE MABWUbLOHbLI, aBTOMAcTEpPCKME, aBTO3anpaBOYHble CTaHuuKu, GeckpaHoBble
NPOV3BOACTBEHHbIE LiexXa, CKnaabl, aHrapbl, )epMbl, OBOLLEXPaHUNULLA, OpaHXepen, Tennuubl [2].

OfZHaKo WMpPOoKoe WUCMNOoSb30BaHWe KOHCTPYKLMUIA M3 TOHKOCTEHHBIX XONMOAHOTHYTLIX Npodusiet 0Te4ecTBEeHHOro
NPOM3BOACTBA 3afepXMBAeTCsl, MNpexae BCero, M3-3a HecoBeplUeHCTBA OTEYECTBEHHOW HOopMaTuBHOW 6asbl U
HeO0CTaTOYHOrO OMnbiTa 3KOHOMMUYECKOIO U HAAEXHOro NMPOEKTUPOBAHUS TaKMX KOHCTPYKLIMN.

HedopmunpoBaHne u pacnpegeneHve Hanps>keHUn B OObIYHBIX CTEPXHAX U B TOHKOCTEHHbBIX CTEPXKHSX
OTKPbITOro Npoduns CyLeCTBEHHO pasnuyatoTCs, NOCKOSbKY ANA NOCAEeAHUX HE BbINOSMHATCA (MOMHOCTBIO MU
YacTUYHO) runoTe3a MnMOCKUX cedveHun Junepa-bepHynnu u  nNpuHUMA  NOKanbHOCTU OEeNCTBUA  B3aUMHO
ypaBHoOBeLLeHHON cuctembl cun CeH-BeHaHa. B TOHKOCTEHHbIX CTEPXHSAX OTKPLITOrO npodunsg npoucxoauT
3HauuTenNbHas gennaHauusa CeYeHUIn, YTo CyLLLECTBEHHO OTODpaXKaeTCst Ha YCNoBusAX Ux paboTbl nog Harpy3kon [8, 9].

lMpn HarpyXeHMM TOHKOCTEHHOIO CTepPXHS OTKPbITOro Mpoduns M3-3a CTECHeHWs [ennaHaumm cedeHus
NOSAABNATCA AONOMHUTENbHbIE CEKTOPUarnbHbIe HaMPSKEHWS, KOTOPble BHOCAT 3HAYMTENbHbIN BKag B CyMMapHble
HanpsKeHus, CyLeCTBEHHO yBenuuvMBas UNn Xe ymeHblias ux. IMEeHHO HegoCTaTOuYHOW M3YYeHHOCTbH Bomnpoca
OTHOCUTENbHO BIIUSHUS CTECHEHHOTO KPYYeHMS Ha HEeCyLlyt0 CMOCOBHOCTb KOHCTPYKUMW W3  TOHKOCTEHHbIX
XONOAHOTHYTBIX npodonnen MOXHO 0OO0bACHMTL TOT dakT, 4yTo B PekomeHgauusx [1], paspaboTaHHbIX
LUHWNIMCK um. MenbHrkoBa, BbIno pe3ko orpaHnyYeHo pacyeTHOe COMpOTUBIIEHWE CTanu, NnpuHAToe B pasmepe 75%
(B HekoTOpbIX criydasix 80%) OT HOPMaTUBHOW rpaHULIbl TEKYYECTU.

CraTnyeckun aHanus u onpepneneHne BHYTPEHHUX yCVIJ'II/IVI B 3NneMeHTax KOHCTPYKUMM N3 TOHKOCTEHHbIX
XOMNOAHOMHYTLIX CTEPXXHEN OTKPLITOrO Npodunsi Npu ydeTe CTECHEHHOrO KpyyYeHUs SIBNSAETCA CINOXHOW 3apjadei. B
COBPEMEHHBIX BbIYUCIANTENBHBLIX MPOrPaMMHBLIX KOMMSIEKCAX WCMOMb3YHTCA TUMbl KOHEYHBLIX 3NIEMEHTOB, KOTOpble
MO3BOMSOT y4ecTb [0 LUeCTU cTeneHen cBoboabl B y3nax CTEPXXHEBOW CUCTEMbI, COOTBETCTBYHOLLNE NMHENHBLIM
NepeMeLLEHNsIM U NOBOPOTaM B 3TUX Y3Nnax Kak >XecTkux Ten. B To xe Bpemsi, Teopusi TOHKOCTEHHBLIX CTEPXKHEN
OTKpbITOro npoduns TpebyeT BBeAEHUs cedbMOW CTeneHn cBoboabl B y3rax, NPUMbIKAOWMUX K TOHKOCTEHHOMY
cTepxHio [7, 14]. Ota cegbMas cTeneHb cBOOOAbI M OTBEYaeT 3a [AennaHauuMOHHYK COCTaBSIOLYIO Y3NOBOro
nepemetleHms (puc. 1).

PacyeT KOHCTPYKUMA N3 TOHKOCTEHHbIX CTePXXHEW OTKPbITOro npodouna MOXeT BbIMNOMAHATECA Mpwu
MCNomnb3oBaHnM 060MNOYEYHbIX KOHEYHbIX anemeHToB. OgHako 310 TpebyeT TwaTtenbHOro Bbibopa CeTkU KOHEYHbIX
3N1EMEHTOB, C MOMOLLBI KOTOPOMW OMUCHLIBAIOTCA 3MEMEHTbI KOHCTPYKUMK. [Mpu 3TOM, COOTBETCTBEHHO, KOMMYECTBO
Y3OB 1 3N1EMEHTOB YBENMYMBAETCS MO CPABHEHUIO CO CTEPXKHEBOM annpoKCUMaLumen Ha HECKONbLKO nopsakos [14].

‘¢ rnybokovi npusHatensbHocTbio 3. 3. KpukcyHoBy u A.B. [llepenbmytepy (SCAD Soft, Kue) 3a coseTbl 1

KOHCTPYKTUBHbIE 3aMe4YaHNna OTHOCUTESIbHO OaHHON pa6OTbI
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PucyHok 1. KoHeuyHO-anemeHTHasi Mofenb TOHKOCTEHHOIO CTepxkHA [14]

[Ona pacyeta CTEPXHEBbLIX KOHCTPYKLUWWA, COCTOSILLMX W3 TOHKOCTEHHBIX CTEPXHEW OTKPbITOro npoduns, ¢
ncnonb3oBaHnemM BbluncnMTenbHoro kommnnekca SCAD [10], MOXHO BOCMOMbL30BaTbLCSA anMpoOKCMMaLUMEN Kaxaoro
CTEPXHSI ABYMS CTEPXKHAMU (OCHOBHBIM M (PUKTMBHBIM), KOTOPbIE pacCMaTpMBaETCs B KNacCUYeCKOM MOCTAHOBKE, TO
€CTb Takumu, KOTOpbl€ COOTBETCTBYHOT Teopun bepHynnu-Onnepa onsi CTEPXKHEN CNITOLIHOrO CEYEHUS, U MOSTOMY He
TpeOytoT BBEAEHWSI B PACYETHYIO CXEMY KaKmx-NnMbo AOMONHUTENbHBIX cTeneHen ceoboabl. Mexay nepemelleHusaMm
nonepeyHbIX CEYEHUN OCHOBHOIO U (PUKTUBHOINO CTEPXKHEW yCTaHaBNMBAETCH CBA3b, 0bOecneunmBalollas paBeHCTBO

yrnoBs noBopoTOB CeYeHNN OTHOCUTENBHO UX I'IpOD,OJ'IbHOVI ocu: 6’x =Up- Kpome TOro, Ha nepemMelleHnda (bVIKTVIBHOrO

CTEePXHS HaknagblBaeTCs cucTtema BHeLWHUX cBsA3en (puc. 2). MNMogpobHo o npuHUMNax NOCTPOEeHUs BucTepkHeBoun
MOOENN KOHCTPYKLMIN N3 TOHKOCTEHHbIX CTEPXXHEN OTKPLITOro Npodnns n3noxeHo B kHure [12]. Tam xe nokasaHo, 4To
NOCTPOEHHas bucTepxHeBas MOAeNb SHEPreTUYeckn SKBMBaNEHTHa NCXOQHOMY TOHKOCTEHHOMY CTEPXKHIO.
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PucyHOK 2. BVICTep)KHeBaﬂ mMoaesrib TOHKOCTEHHOro CTepPXHA

l'IpM TakOM nogxone BHYTPEHHue ycunmsa B q)VIKTI/IBHOM CTepXHe MOXHO UHTEepPnpeTnpoBaTb Kak 0000LEHHbIE
ycnnma B NICXOOAHOM TOHKOCTEHHOM CTepXXHe, BO3HUKarouwme npn CTeCHEHHOM Kpy4YeHUn. A NMeHHO, BUMOMEHT B n
MOMEHT CTECHEeHHOro Kpy4deHusa Ma) COBMagatT C TOYHOCTbK OO MHOXWUTENS r COOTBETCTBEHHO C MU3rnbarowmm

MOMEHTOM MyF v nonepeyHon cunon Q ., KOTopble BO3HMKAIOT B (PUKTUBHOM CTEPXKHE.

VMcecnegosaHnio npobriemMbl YCTOMYMBOCTM HECYLLIMX 3NIEMEHTOB U3 TOHKOCTEHHbIX XONMOAHOMHYThIX npodunen
nocesiLLeHbl paboThl [4, 5, 16].

Kputudeckme HanpspkeHus Ansg pasnuyHbix (oopM NoTepyn YCTONYMBOCTU TOHKOCTEHHOMO CTEPXKHS OTKPbLITOro
npodmnst MoryT OblTb ONpeaeneHbl C MCNOMb30BaHNEM 060/104eYHOM MOdENV B CPeAE BbIMUCIIMTENBHOIO KOMMIeKca
SCAD [10], peanusytoLero MeTo KOHEYHbIX 3niemMeHToB. [1pyn 3ToM 3aava yCTOMYMBOCTM pacCMaTpuBaeTCs B CBOEN
KNnaccuyeckor MOCTaHOBKE Kak Afsi yNpyron CUCTEMbl B NPEAMOSIOKEHWUM, YTO BCE MPUIOXEHHbIE K KOHCTPYKLUK
BHELLHWE Harpy3ku (a COOTBETCTBEHHO, U BHYTPEHHME YCUIKMS) YBENNYMBAOTCH NPOMNOPLMUOHANTBHO OOHOMY U TOMY Xe
napametpy A . Te 3HaueHus napameTtpa A, Npy KOTOPOM MaTpUL@ XECTKOCTM KOHCTPYKLUMM BriepBble nepecraeT

BbITb MOMOXMTENBHO OMNpeaeneHHON, ABMAETCA KPUTUYECKUM, a COOTBETCTBYIOLLee 3HaYeHne napameTpa A AsnseTs
KoadpcpmumeHTtom 3anaca ycronumsoctu [13, 19]. Tak, pelweHue 3agadnm ynpyroro BbinyynmBaHus C-oOpasHoro
TOHKOCTEHHOrO CTEPXHS BbINONHEHO B paboTe [11] n npeacTtasneHo Ha puc. 3.
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Kak BugHO m3 puc. 3, Kpome MNpMBbLIYHBIX MECTHOM K 06Lien opm NoTepu YyCTOMYMBOCTM (MO WU3rMOHOW ©
N3rMbHO-KpYTUNBHOM hopmam), paccMaTpuUBaeTCs Takke crneumanbHas dopmMa notepu YCTOMYMBOCTK (T.H. MoTeps
YCTOMYMBOCTN (DOPMbI MOMEPEYHOr0 CEYEHUSI UMK Xe NOTeps YCTONYMBOCTM BCNEACTBME UCKaAKEHWS MOMEPEYHOro
ceyeHus ), KOTopas XxapakTepHa AN TOHKOCTEHHbIX CTEPXKHEN OTKPLITOrO Npoduns.

k:

I'brreps yamolusoaTu
qOVB! MONEPEYHO20 CEHEHUS 65 +

954, 276837029

ycnouHusocTL
N
&

K T
3

g 167 1
S 1 I'brrgps yanolkusoanu

:% SIIEVEHITD8 OBYeHUE!

§ 057 r

LruHa naryearHsbl KpusoL! 8bITyHuUsaHUs], M

PucyHok 3. PewweHue 3agaum yctonumBoctu C-o6pasHOro TOHKOCTEHHOIO CTEPXHA C UCMONb30BaHUEM
obornoyeyHon moaenu

XapakTepHo OCOBEHHOCTbLIO HECYLLMX 3IEMEHTOB M3 TOHKOCTEHHbIX XOFIOAHOTHYThIX Mpodunen aensieTcs
BO3MOXHOCTb MX 3aKpUTM4eckon paboTbl (Mocre notepu MEeCTHOW YCTOMYMBOCTM CXKaTbIX 3MIEMEHTOB CeyeHus, a
TaKke Mocne mnotepn YCTOMYMBOCTU POpMbl MOMepedHoro cedeHus). loTeps MeCTHOM YCTOMYMBOCTUM TOHKOM
NOAKPENneHHoON nnacTuHbl, npeacTaBndawlowenn coborM  3MNemMeHT CeyvyeHus, MpuBOAUT K HepaBHOMEPHOMY
pacnpegeneHnto HopMarnbHbIX HAaNPSXXEHWA B CEYEHUM TakoW MMacTUHbI, KOTOPOE XapakTepmuayeTcs KOHLEeHTpauunemn
HOpMasnbHbIX HAaNPsXXeHWUI BO3Mne MOAKPEnfeHHbIX KpaeB NMacTuHbl, T.e. (hakTU4eckn, B MecTax CONpPsKeHUsT TOHKMX
nNacTvH, U3 KOTOPbIX COCTOUT cedeHue (puc. 4). Mpu BblMUCNEHMN HeCyLLEeN CNOCOBHOCTU MONEPEYHOrO CevYeHust
TOHKOCTEHHOrO 3feMeHTa MUCMNoNb3yeTCca KOHUenuusa «3dekTMBHOM WnNpuHbI» anemeHTa [18] (puc. 5), BnepBble
npeanoxeHHasa ¢oH KapmaHom eue B 1932 rogy [20].
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PucyHok 4. HepaBHOoMepHoOe pacnpegeneHue PucyHok 5. 9dcpekTBHaA wWmpuHa cxarton nonku C-
HOpPMarsbHbIX HaNPsKeHUN B Ce4eHUM NIacTUHbI ob6pa3Horo anemMmeHTa

BcreAcTBUE NOTepPU YCTOMYUBOCTU

B ©Oonee nonHolW Mepe BOMPOC pacyeTa W MNPOEKTUPOBAHUS HECYLUX 3JNIEMEHTOB W3 TOHKOCTEHHbIX
XOMNOAHOMHYTBIX CEYEHMIM OTKPbITOrOo npoduna oTpaxeH B EBponenckux Hopmax npoektupoBaHus [17]. OHu
pPErnaMeHTUpPYOT BbIMOSHATbL MPOBEPKM MPOYHOCTU U YCTOMYMBOCTM TaKMX SMEMEHTOB C  WCMOMb30BaHWEM
3P DEKTUBHBIX (YMEHBLUEHHbBIX) PA3MEPOB CEYEHWUN, YYMTBIBAKOLLUX KaK BO3MOXHOCTb MECTHOM MOTEPU YCTOMYNBOCTH
CXKaTbIX 3NIEMEHTOB CEYEHWs!, Tak 1 MOTEPHO YCTONYMBOCTM (hOPMbI MONEPEYHOro ceveHust (puc. 6, 7).
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by,
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PucyHok 6. PacyeTHas cxema nosiku ¢ oTruoom PucyHok 7. 9dcpekTMBHOE NonepevyHoe cevyeHue
cornacHo EC3 C-o6pasHoro npocuns cornacHo EC3

Huxe npmeedeH pacyeT Kapkaca 3O0aHuA U3 TOHKOCTEHHbIX XOJTOAHOTrHYTbIX npocbvlne|7| npmn nomowin

nporpammbl SCAD Ha npyMepe TMMOBOrO 34aHus cknaga komnaHum Llentabhallen Sp.z.o.o0. (puc. 8).
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PucyHok 9. KOHCTpyKTMBHasA cxema nonepeyHom pamMmbl KapKaca 3gaHus
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PucyHok 10. Tunbl 1 pa3mepbl NONepeYHbIX CEYEHUN HeCyLMnX pa3Mepbl NONepeyHbIX
3N1eMeHTOB pelueT4yaToro purens CeueHMit KONOH Kapkaca

OCHOBHbIMU HECYLLUMMW KOHCTPYKUMAMU 30aHMSA CAyXaT ABYXMPONeTHbIE NonepeyHbie pambl OOLUM NponeTom
48 m, Wwar nonepeyHbix pam cocTtaBnseTr 6 m (puc. 9). Purenu nonepedvHbiXx pam 3anpoekTUpoBaHbl B dhopme
OBYCKaTHbIX TpaneuneBnaHbix oepmM. BoicoTa 3gaHuii coctaBnsieT 7,8 M — Ha YPOBHE KapHU3HOrO y3rna pambl, 1 9,3 M
— Ha ypoBHE KOHbKOBOTIO y3na.

Bce Hecywime anemMeHTbl MOMNEpeYHbIX pam 30aHUA 3anpOeKTUPOBaHbl U3 TOHKOCTEHHbLIX XOMOAHOrHYTbIX
npocounenn C-obpasHoro n kopbiToobpasHoro ceyeHun (puc. 10, 11). KpoBenbHble MPOroHbl B MpOeKTe 34aHus
NPUHATBLI U3 Z-00pasHbIX XONO4HOMHYThIX OLUHKOBaHHBLIX Npodunen BeicoTon 150 MM, KOTOpble pasMeLLEHbI C LLIArom
B nnaHe 1,5 m.

B3/ Structure CAD (pawma) (C:\Documents and Settings\jey\Desktop\pama(2)) E
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PucyHok 12. TpexmepHas KOHe4YHO-3NIeMEeHTHas Moaesib Kapkaca 3gaHus
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AHanma HanpsxeHHO-4ePOPMUPOBAHHOIO COCTOSIHUSI Kapkaca 34aHus U3 TOHKOCTEHHBLIX XONOAHOMHYTbIX
npocomnen BoinonHancs npy nomowwm nporpammbl SCAD [10] ¢ ncnonb3oBaHUEM TPEXMEPHOW KOHEYHO-3NTEMEHTHOMN
mogenu (puc. 12).

PacyeTHas cxema CKBO3HOrO purens nonepevyHor pambl Kapkaca 3faaHus Obina npuHATa ¢ HepaspesHbiMu
nosicaMmm 1 aneMeHTaMmy pPeLUeTKW, KOTOpble LIApHUPHO NPUMBbIKAKOT K y3NaM BEPXHEro M HWXHero nosica depmbl
(puc. 13).

B Structure CAD (pama) (C:\Documents and Settings\jey\Desktop\pava(2)) [BEE
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PVICYHOK 13. PacuyeTtHasa cxema peweT4yaToro purena nonepeyHbIX pamM KapKkaca

Cnepnyet OTMETUTb, YTO UCMOMb30BaHUE TOHKOCTEHHbIX XOMOAHOIHYThIX Npodunen B Ka4eCcTBe CTEHOBbLIX U
KpOBernbHbIX MNPOrOHOB 3a pybexom sBnsietca obOwenpusHaHHbIM cTaHgapTom. [lpu 3TOM, MakcumarnbHas
ahbekTMBHOCTL Takux npodunen npu nponetax 4o 10 M gocTuraeTca 3a CHET UX MPOEKTUPOBAHUA NO HEPA3PE3HOM
CXeMe, 4YTO KOHCTPYKTMBHO OCYLLECTBISIETCA COMpsKeHMeM MNPOroHOB MO AfWHE MpUM MOMOLLM HaxNecTOYHOro
coeauHeHus Ha bonTax. HaxnecT nporoHoB OCyLLECTBNASIETCA B MECTaxX KpensieHUs MPOroHOB K pUrenisiM nonepeyHbIx
paMm, T.e. B pac4eTHbIX CEYEHUSX, [Ae BO3HUKAOT HambonbLune narnbdarome MOMEHTHI.

[ns MogenupoBaHns onupaHust HepaspesaHblX NMPOrOHOB LWAPHUPHO CBEPXY Ha BEPXHWUIA nosic hepMbl, yA0OHO
BOCMNOSb30BaTbCA 06bEANHEHMEM MEPEMELLEHWUA OMOPHLIX Y3MOB NPOrOHOB M COOTBETCTBYHOLUMX Y3MOB BEPXHETO
nosica pepm (puc. 14, 15).
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MNpocTpaHCTBEHHasA XeCTKOCTb W reoMeTpuyeckas HEeU3MeHsSeMOoCTb Kapkaca 34aHus obecneunBaeTcs
YCTPOWCTBOM MO AfIMHE 30aHUS KECTKMX BrokoB, co3faBaeMblX MyTEM pacKpenneHus ABYX COCeAHVX paM Mexay
cobon cuctemon cBs3en. [OpU3OHTarbHbIE CBA3N MO BEPXHUM MosicaM depM MPUHATbI KPEeCTOBbIMU, C TMOKUMMU
packocaMn W XeCTKUMW pacrnopkamu, (PYHKLUMIO KOTOPbIX BbIMOMHAOT MPOrOHbI MOKPbLITMSA. BepTukanbHble CBA3M
mMexagy depmammu ycTpoeHbl ¢ warom 4,5 n 6,0 M U KOHCTPYKTMBHO OPOpPMIEHbl B BMAE MOAKOCOB, MAYLMUX OT
NMPOroHOB MOKPbITUS K HMKHEMY nosicy depm (puc. 16).

[na mogenvposaHua rmMbKMX anemeHToB CBs3er YAo6HO BOCMOMb30BaTbCA OOAHOCTOPOHHUMU [BYXY3OBbIMU
CBA3SIMU, KOTOPbIE PaboTalOT TOMLKO Ha PACTSHKEHWE M OTKIIIOHAIOTCA Npu cxatum (puc. 17).

Ona onpeneneHus TUMNOB XXECTKOCTU CTEPXHEBOW CUCTEMbl U3 TOHKOCTEHHbIX XOMOAHOrHyThIX npodunen
ucnonb3oBanack nporpamma TOHYC [10], npegHasHadyeHHas Ans GopMUPOBaHMS TOHKOCTEHHBIX CEYEHUIN U pacyeTa
NX reoMeTpuyeckmx xapaktepucTtuk. Nporpamma TOHYC nossonsdeT paccmatpvBaTb NPOW3BOSIbHbIE (B TOM 4uMcre
OTKPbITO-3aMKHYTbI€) Npocmnu. Mogenb TOHKOCTEHHOIrO MOMEPEYHOro CeYEHU B 3TOM catennuTte oopmupyeTcst u3
MOSIOCOK NyTEM 3a4aHWs UX TOMLWUHBI U onpedeneHns NoNOXEHW NX CPeAMHHOM NuHuM (puc. 18).
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Ona co3gaHHOro nonb3oBaTeneM TOHKOCTEHHONO CEeYEHUS BbIMUCIIAIOTCA BCE €ro reomeTpuydeckue
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MOHATHO, YTO BblYMCIIEHME FEOMETPUYECKMX XapaKTePUCTUK CEYEeHUIN He ABNnseTca camouenbio. Pesynbrathbl
pacyeta nporpammbl TOHYC B fanbHelemM UCNOMb3YTCHA B KAYECTBE UCXOAHbIX AaHHbLIX NPW onpeaeneHun TMnos
XECTKOCTN CTEpPXKHEBbIX 3MIEMEHTOB MPOCTPAHCTBEHHOW Mogenu kapkaca 3sgaHus. [Mpu aTom, onvcaHvue TUMoB
XECTKOCTN MOXeT ObITb BbINOMHEHO Kak C MOMOLLbIO YUCAEHHOTO OMUCAHUS XapaKTePUCTUK XECTKOCTWU, Tak U C
ncnonb3oBaHveM nmnopTa pabounx cannos nporpammsl TOHYC ¢ gaHHbIMK nonb3oBaTenbCknx ceveHnn (puc. 20).
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PucyHok 20. OnucaHue TMNOB XeCTKOCTU KOHCTPYKLUM C UCMOJIb30BaHMEM MMnopTa pabouunx dannos
nporpammbl TOHYC ¢ gaHHbIMM NONb30BaTENbLCKUX CeYEHUN

CraTnyeckuii aHanmu3 KOHEYHO-3NEMEHTHOW MOAENM Kapkaca 34aHus Bo3BpallaeT Habop 3HayeHwi
BHYTPEHHMX YCUNUIA, OEACTBYIOLLMX B PacYHETHbLIX CEYEHMSIX HECYLLUMX SN1eMEHTOB kapkaca. Ha 6ase nHdopmauum o
3Ha4YeHUsIX BHYTPEHHUX ycunuidi B nporpamme TOHYC onpenenstoTcs HopMarbHble HamnpsKeHUsl, U CTpoMTCs norse
HOpMarbHbIX HanpshkxeHun (puc. 21).
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PucyHok 21. BbluncneHne nons HopManbHbIX HanpskeHUN Ans 3ppeKTMBHOro NnonepevyHoro ce4eHus
TOHKOCTEHHOIO CTepPXKHA

Bbi1800bI

WTtak, B paboTe nokasaHo, YTO LUMPOKOE WCMONb30BaHWE KOHCTPYKUWUA N3 TOHKOCTEHHBLIX XOJNOOHOTHYTbLIX
npodunen OTeYeCTBEHHOIO MNPOM3BOACTBA 3afepXMBaeTCsl, Mpexae BCEro, BCMNEACTBME HECOBEpPLUEHCTBA
HOpMaTUBHOM 0a3bl U HEQOCTAaTOYHOr0 OTEYECTBEHHOMO OMNbITa 3KOHOMUYECKOTO N HAOEXHOrO NMPOEKTUPOBAHUS TaKUX
KOHCTPYKLNIA.

YOeneHo BHMMaHWe BOMPOCY CTATUMYECKOro aHanvM3a W OnpeaerneHvsi BHYTPEHHWX YCWUMUA B 3neMeHTax
KOHCTPYKLMM U3 TOHKOCTEHHbIX XONOAHOTHYTbIX CTEPXKHEW OTKPLITOrO MPOgUIis NMpU y4eTe CTECHEHHOTo KpydeHusl.
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lMpuBeaeHbl MccnegoBaHWs MO NPoONeMe YCTOMYMBOCTM HECYLUMX 3NIEMEHTOB M3 TOHKOCTEHHBIX XOMOAHOMHYThIX
npodunen, a TaKkke Ux 3aKpUTUYeCcKom paboThl (Mocne NoTepr MECTHOM YCTONMYMBOCTU CXATbIX SNIEMEHTOB CEYEHUS U
nocrie noTepu yCTon4mBoCTN pOpMbl NONEPEYHOTO CEYEHUS).

B

KayecTBe npumepa MpVMBEAEH pacyeT Kapkaca 3[4aHusl M3 TOHKOCTEHHbIX XOMOAHOTHYTbIX Mpodunei

TMNOBOro 34aHusa ckrnaga komnaHum Llentabhallen Sp.z.o.0. B cpege «SCAD Office», B KOTOpOM npeacTaBneHsbl
0COBEHHOCTU KOHEYHO-3MTEMEHTHOIO MOAENMPOBAHMS TaKMX KApPKacoB, a TaKKe MX NMOBEPOYHbIX PacyeToB.
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