3. Pacuer cBapHbIX COEIMHEHUM,
paboTaromuX Mpu CTATUYECKUX HArpy3Kax

3.1. OCHOBBI IPOEKTUPOBAHUS CBAPHBIX COCAUHEHUN

O06beM meTasuia, HaxXOASIIErocsl B 30HE CBAPHOT'O COSMHEHHUSI COCTaBIISIET J10-
JM TPOIEHTa OT 00beMa MeTallla BCe KOHCTPYKIIUU, OJHAKO UMEHHO MPOYHOCTHIO
ATUX 30H BO MHOTHX CIIy4asX OINpPEAENSIETCS MPOYHOCTh KOHCTPYKIHMH, MOCKOJIBKY
TEPMUUYECKOE U MEXAaHUYECKOE BO3JICUCTBHE CBAPKH HA METAJI MOXKET CYIIECTBEHHO
U3MEHSTh €r0 MPOYHOCTHBIE U IIacTHYECKHE cBoucTBa. [Io 3TOM mpuunHe pacuery
CBApHBIX COEAMHEHUM, OOOCHOBAHMIO MX KOH(MUrypaluu U MecTa pa3MelleHus Ha
KOHCTPYKIIMU HEOOXOUMO yAENSITh 0cO00€ BHUMAaHUE MPU MPOEKTUPOBAHUHU.

Ha craguu npoekTupoBaHHUs CBAPHOM KOHCTPYKIUHU JOJIKHBI OBITH PEIICHbI
CJIeIyIOIIHME 3a/1auu:

1. Obecneuenue npoyHocTH. KOHCTPYKIMS JOJKHA BBIIECPKUBATH 3aJaHHYIO
Harpy3Ky 0e3 pa3pyllieHUs U MOSBICHUS HEIOMYCTUMBIX 1e(popMaluil.

2. Ob6ecneuenne HanexxHocTH. J[omkHa OBITH 0OecrieueHa Oe30TKa3zHas paboTa
KOHCTPYKIIUSI B T€UEHUE TPeOyeMoro mepruoia dKCIUTyaTaluy ¢ 3aJJaHHON BEpOSITHO-
CTBIO.

3. OOecneucHre TEXHOJOTMYHOCTHU. JloJDKHA OBITH 0OecredeHa BO3MOXKHOCTD
¥ 9KOHOMUYHOCTh M3TOTOBJICHHUS KOHCTPYKLHU, TIPU YCIIOBUU COXpaHEHUs: Tpedye-
MBIX MOKa3aTesie KauyecTBa, MPOYHOCTH, HAJAEKHOCTH.

4. BpINoJHEHUE CIENHUATBHBIX TpeOOBaHUM, HANPUMEP, K BHEIIHEMY BHIY
KOHCTPYKIIMH; TOYHOCTH; KOPPO3UOHHON CTOMKOCTHU; TEIIOCTOMKOCTH; XJIaI0CTOM-
KOCTH; MarHUTHBIM CBOMCTBaM U JIp.

Hekoropble U3 3TUX 3a7a4 MOTYT OBITh PEIICHbl HA PA3JIMYHbIX dTanax: Mpu
POCKTUPOBAHUM, PA3pa0OTKE TEXHOJOTHH, WU3TOTOBIECHUM, DKCIUTyaTallud, HO Ha
JTamne MPOEKTUPOBAHUS 3aTPaThl X pelieHus Hambonee Huzkue. [lo-mepe mpoasu-
KEHUS IO LIETIOYKE KU3HEHHOTO IMKJIa CBAPHON KOHCTPYKIIMM LI€HA OMIMOKH pere-

HUU, IPUHATBIX IPU IPOEKTUPOBAHUH BO3PACTAET 10 DKCIIOHEHTE.



Cnenuanuct CBapOYHOrO IPOM3BOJICTBA, KAaK MPABUIIO, HE NMPUHUMAET HEIO-
CPEACTBEHHOE YYacTHE B pPAacyeTe U IPOCKTUPOBAHUM CBAPHBIX KOHCTPYKIIUH.
OOBIYHO eMy OTBOJSAT POJIb IKCHEPTA-KOHCYJIbTAHTA NPU aHAJIM3€ MPUHATHIX pelle-
Huil. BmecTe ¢ Tem, Ha psa BONPOCOB, CBA3AHHBIX CO cHeHU(pUKONW 0Opa3oBaHUS
CBAPHOI'0 COCAWHEHHUs, BIMAHUEM TEPMHUYECKOIO M MEXAHUYECKOIO0 BO3ICHCTBHS
CBApKM Ha CBapUBAaEMblll MAaTEPHUAJ, C TEXHOJOTMUYECKUMH BO3MOYKHOCTSAMM Pa3any-
HBIX MPOLIECCOB CBAPKU MOXKET OTBETUTH TOJIBKO CIICLUATIMCT B 00OJACTH CBAPOYHOTO
npousBozcTBa. Iloaromy coBMecTHas paboTa HaJl MPOEKTOM KOHCTPYKTOpA U TEXHO-
jora, o0jafaroniero 6a30BbIMU 3HAHUSMU B 00JIaCTH NPOEKTUPOBAHUS CBAPHBIX KOH-
CTPYKLUH, HE TOJBKO 1IeJIecO00pa3Ha, HO U BO MHOTHX CIIydasix sIBJIsIeTCs 00s13aTelb-
HOM.

IIponecc MpoeKTUPOBAHUSA TPOXOAUT HECKOJIBKO ITAIOB:

o ONPENEIAIOT OCHOBHBIE PAa3MEpBI JJIEMEHTOB KOHCTPYKIIMH
U UX KOMIIOHOBKY;
o ONPENEIAIOT MECTO PACIOJIOKEHHSI CBApHBIX IIBOB M Ha-

Ipy3Ky, ACHCTBYIONIYIO HA HUX;

J OTPEAEISAIOT TUIl CBAPHOTO COEIMHEHUS U BBIOMPAIOT CIO-
co0 CBapkKH;
. NPOU3BOIAT pacueT pa3MepoB CBAPHBIX IIIBOB, MCXOJs W3

HEOOXOAMMOCTH OOECIeYeHUs] MPOYHOCTH COCTUHEHHUS TPU CTaTH4e-
CKHX HarpysKkax;

. IPOBOJAT aHAJIU3 JOKAJIBHOTO HANPSHKEHHOTO COCTOSIHHS B
paiioHe CBapHBIX COCAWMHCHHUU C IENBIO ONPEACICHUS HEOOXOIMMOCTH
MIPOM3BECTH KOPPEKTUPOBKY pacueTa IMPOYHOCTH COCAMHECHHS MPHU CTa-
THYECKUX HArpy3Kax;

o IPOU3BOAT NIPU HEOOXOJAUMOCTH pacyeT MPOYHOCTH CBap-
HBIX COCJMHEHHI MPH JCHCTBUM MEPEMEHHBIX HArpy3ok (IpoBepKa yc-

TaJOCTHOM NPOYHOCTH), OLIEHUBAIOT CONPOTHBIEHUE XPYIKOMY pa3py-



LICHUI0O U CONPOTHUBJICHUE PA3BUTHIO Pa3pyLICHUS, NPOBOLAT pacyeT
IIPOYHOCTH C IO3ULUNA BO3MOXKHOTO BO3/IEUCTBUS KOPPO3UOHHOU CPEJIBI;

o OLICHMBAIOT BJIMSHHUE CBAPOYHBIX HAIPsDKEHUN U Jedopma-
LU KOHCTPYKLIHUM, BOSHUKAIOIIUX B PE3YJIbTATE CBAPKH;

J yCTaHaBIMBAIOT TPEOOBaHUS K TOYHOCTH KOHCTPYKLHMH H
KA4eCTBY CBAPHBIX COCIMHEHUMN;

o IIPOBOAAT AHAIU3 TEXHOJIOIMYECKUX aCIIEKTOB C ILEJbIO
oOecreyeHus: TEXHOJOTUYHOCTH KOHCTPYKLIMH.

Bo03MOXHBI IBE CTpaTEruu NPOCKTUPOBAHUS CBAPHBIX KOHCTPYKUUM (puc. 3.1).

T
Puc. 3.1. CtpaTeruu npoeKTUPOBaHMS CBAPHBIX KOHCTPYKIIHA.

Crpaterust | mpeamosnaraer mocneoBaTelIbHOE pEUICHUE 3a/1ad OTACIbHBIX
ATAlOB NPOCKTUPOBAHUSI 0€3 KOPPEKTUPOBKU MYTH peElIeHUs. Takyl CTpaTeruro
IPUMEHSIOT PEAKO, B OCHOBHOM, IIPU PEIIEHUU TUIIOBBIX 33/1a4 MIPOEKTUPOBAHMUSI.

Crparerus Il mpenmosnaraeT Ha OTJEIBHBIX dTamax MPOCKTUPOBAHUS IMPOBO-
TUTh aHAIU3 JOCTUTHYTHIX PE3yJbTaTOB U MPU HEOOXOJIUMOCTH BHOCUTH KOPPEKTH-
BbI B JIaJIbHEHIIINI X0/ MPOCKTUPOBAHMS, BO3BPATUTHCS HA MPEIbIIYIIHE dTaIbl, W3-
MEHUTh MIPUHATHIC PEUICHUS WU UCXOAHbIEC TaHHbIe. [[py MpOeKTUPOBAHUM CBAPHBIX
KOHCTPYKIIMI Takas CTpaTerusi MO3BOJIIET YYECTh MHOT0oOpa3us B3aWMHO BIUSIO-

KX (PaKTOpOB U ONTUMHU3UPOBATH PE3YJIbTAT TPOECKTUPOBAHMSL.

3.2. O6ocHOBaHME HEOOXOAMMOrO 3amaca Ipyu pacyeTe Ha MPOYHOCTh



OcHOBHas LIeJIb pacyeTa MPOYHOCTH COCTOUT B TOM, YTOOBI 00eCIeuuTh pado-
TOCTIOCOOHOCTh KOHCTPYKLMHU IPU 33JJaHHBIX HArpy3Kax M YCJIOBHSIX HKCIUTyaTalUH.
B o6meM ciydae HekoTopblil mapameTp Q, XapakTepU3yHOLIMA Harpy3Ky, JOJDKEH

OBITH MEHbIIIE NTapaMeTpa R, XapakTepu3yrouero COnpoTUBICHUE Pa3pyIICHUIO.

B mpakTuke pacuera mpOYHOCTH MPHU CTATUUECKOM HArpyKEHHWU B KaYECTBE
napamerpa Q NPUHUMAIOT BETMYMHY HOMUHAIBHBIX HAMPSKEHUM (HOPMAIBHBIX Gyoy

WM KacaTeNIbHBIX Ty ), PACUET KOTOPBIX MPOU3BOAUTCS 0€3 yueTa HepaBHOMEPHOCTH
pacrpesieseHrs HanpsHKEHUM Mo CeYeHUI0, 00YCIIOBIEHHONW KOHIIEHTpalMe Hamps-
JKCHUM.

B kauectBe R npuHMMAaIOT BEIUUYUHY, XapaKTEPU3YIOIIYIO0 TPOUYHOCTh METasIa
B 30HE IPE/INOIAraeMoro pa3pyueHusl.

[Ipn 3TOM NPUXOIUTCA YYUTHIBATh BO3MOKHOCTh CIIYYalHOT'O pacCesHUs Ia-
PaMETPOB, XAPAKTEPUIYIOIIMX HATPY3KY, U MPOYHOCTHBIX XAPAKTEPUCTUK CBAPHOIO
coequHeHusA. B cBsI3M ¢ 4eMm, pacdeT JOJKEH MpeaycMaTpUBaTh HEKOTOPBIM 3amac
Npo4YHOCTH. Puc. 3.2. WIIIOCTpUPYET BIUSIHHUE pPACCESHUS IMapaMeTpoB, NMPHUHUMAE-
MBIX IIPY PACUETE Ha BEJIIMUMHY 3araca MPOYHOCTH.
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Puc. 3.2. Cxema BIHsHUSA pacCesHMs TapaMeTPOB HArpy3KHU U IPOYHOCTH
Ha 3amnac IPOYHOCTH
Bennunna Harpy3ku Q, AeHCTBYIOIIEH HA CBAPHOE COEAMHEHUE, MOXKET UMETh

OTKJIOHEHHE OT IIPUHATOM B PACUETE M3-3a HEIOCTATOYHOW M3YYEHHOCTHU YCIOBUH



JKCIUTyaTallM, HEMOJIHOTO y4yeTa AEHCTBYIOUIMX CUIIOBBIX (DAaKTOPOB, MOSIBJIEHUS J10-
MOJIHUTEIbHBIX HArPY30K MPU U3TOTOBJICHUU U MOHTAXE KOHCTPYKIIUU U JIp.

AHaJIOTUYHBIE OTKJIOHEHHUS OT NPHUHATHIX B PacyeTe 3HAYEHUN MOTYT UMETh
MPOYHOCTHBIE XapakTepUCTUKH (R). OOBIYHO 3TH OTKIIOHEHHS] HOCAT CIy4alHbIN Xa-
paKkTep U MX MOKHO YCJIOBHO BBIPAa3uUTh B BUJE KpUBBIX ['aycca MIOTHOCTH pachpe-
neneHus: (OTHOCUTEIBHON YacTOThI) CIydaHbiX BenuuuH Q u R.

Ecnu B pacyeT NpuHATHI CPEAHUE 3HAUYECHUS TaPAMETPOB, TO PACCTOSTHUE MEK-
1y CPETHUMU JIMHUSMH BBIpa)KaeT 3amac MpoYyHOCTH, a Tuiomanas Gurypsl 2, oopazo-
BAaHHOW B 30HE NepeceyeHus KpUBbIX (puc. 3.2 a), XapakTepu3yeT BEPOATHOCTh pa3-
pYLIEHUsI CBApPHOIO cOeAUHEHHUs. M3MEeHsAs BENMYMHY 3amaca MPOYHOCTH MOKHO
BJIMATH Ha TUIoU[aab GUrypsl {2 U HAIEKHOCTh KOHCTPYKLMH (puc. 3.2 0).

Crnenyer uMeTh B BU]y, YTO BEJIMYMHA 3araca MPOYHOCTH CYIIECTBEHHO BIIUS-
€T Ha DKOHOMHYECKME II0Ka3aTeld pe3yJbTaTOB NPOEKTHpOBaHUU. YUpesmepHoe
YMEHBILICHHUE 3araca MPOYHOCTH CHUKAET HAJIE)KHOCTh KOHCTPYKLUHUH U B CIIydae €€
pa3pylICHUs] MOXKET IPUBECTHU K MATEPUAIbHBIM MOTEPSIM U JIONOJIHUTEIBHBIM 3aTpa-
TaM Ha peMOHT. Upe3aMepHOoe yBeIMYEeHUE 3amaca MPUBOAMUT K YBEIMUYECHHIO MacCChl
KOHCTPYKIMH, TPYJAOEMKOCTH M3TOTOBJICHUS W, CJIE€IOBATEIbHO, K YBEJIUYEHUIO 3a-
TpaT Ha MPOU3BOJICTBO U AKCILTyaTanuio. [103ToMy UATH MO MyTH yBEJIMYEHHUE 3amnaca
IPOYHOCTH KOHTP MPOAYKTUBHO. OUEBUAHO, UYTO HEOOXOJUMO CTPEMUTHCS K YMEHb-
HICHUIO TUCTIEPCUM 3HAYEHUW HArpy3KU U MPOYHOCTH, T.€. K YMEHbBIICHUIO ITUPUHBI
obOnacTu paccesHus 3HaueHui (puc. 3.2. B). ITO MOXKET OBITh JOCTUTHYTO 3a CHET
0osnee rayOOKOro aHaiau3a yCIOBUW IKCILTyaTallMM KOHCTPYKLMH, MPUMEHEHUsS CO-
BPEMEHHBIX METOJIOB pacyeTra, NPUMEHEHHs 0oJiee KauyeCTBEHHbBIX MaTE€pUalOB, CO-
BEPUICHCTBOBAHUS TEXHOJIOTUH CBAPKU U YIIPABIICHUS CBAPOUYHBIM IPOU3BOACTBOM.

3anac MPOYHOCTH MPHUHATO XapaKTepHU30BaTh OTHOCUTEIbHON BEIMYMHON Ha-

3pIBa€MOM KOA(DPUITMEHT 3amaca mpoyHOCTH “n’:



rae R — HopmMaTUBHOE COMPOTUBIECHUE METAILIA 30HbI IPEOIAraeMOro pa3pyeHUs
(MPOYHOCTH), G — HAIIPSIKEHUS, IEHCTBYIONINE B ATOM 30HE (Harpyska). Takum oOpa-
30M, KO3(UIMEHT 3amaca MPOYHOCTH IOKa3bIBAET, BO CKOJBKO pPa3 IOKa3aTellb
IIPOYHOCTH MPEBBILIAET [10KA3aTENb HATPY3KH.

[Ipyn Ha3zHayeHUW BeIWYUHBI KO3(PUIMEHTa 3amaca MPOYHOCTU YUYHMTHIBAIOT:
CTETeHb U3yUYE€HHOCTH (PaKTOPOB, BIMSIONINX HAa HATPYKEHHOCTh CBAPHOTO COETUHE-
HUS, CTAOMJIBHOCTb MEXAHMYECKHX CBOMCTB OCHOBHOIO METajula M MeTajlja ILBa,
CTaOMJIBHOCTh TEXHOJIOTMYECKOT0 Mpoliecca, OrpaHUYCHMs], HAKJIabIBAEMbIE HA Mac-
Cy KOHCTPYKIIMH, CTENIEHb OMACHOCTH MOCIEACTBUIN pa3pyLICHHs] CBAPHOU KOHCTPYK-
L1U.

Hanpumep, 111 KOHCTPYKIMI, U3rOTABIMBAEMBIX U3 MATEPUAJIOB C HCKJIIOYH-
TEJIBHO CTa0MJIBHBIMM MEXaHUUYECKUMHU XapaKTEPUCTUKAMU C MPUMEHEHUEM XOPOILIO
OTJIAXKEHHON CTaOMJIBHOM TEXHOJIOTMHU CBAapKH, MPU YCIOBUU, YTO HArPy3KH MOTYT
OBITh OIPEEIICHBI C BBICOKOM CTENEHbIO YBEPEHHOCTH, a Majas Macca KOHCTPYKLIHUU
ABJIIETCS OIPENEIAONNM (aKTOPOM, KO3IPPUIIMEHT 3araca NPOYHOCTH TPUHUMAIOT
B npenaenax n =1,25+1,5.

JIns KOHCTPYKLMHM, U3rOTABIMBAEMBIX U3 MAaTEPUAIIOB C HENOCTATOYHO M3Y-
YEeHHbIMH MEXAHWYECKHMH XapaKTEPUCTHKAMU Ha NPEINPUATHSAX, TJE OTCYTCTBYET
CUCTEMA YIIPABJIEHUS Ka4e€CTBOM CBAPOYHOT'O IPOM3BOJICTBA, IIPU YCIOBHM HENOCTA-
TOYHOU MH(POpMaMK 00 YCIOBUAX IKCIUTyaTalnu, Kod(G(UIMEHT 3amaca MpOYHOCTH
MO>KET OBITh MPUHSAT B Mpeaenax n =3+5.

Tpebyemyto BenuunHy KodduiueHTa 3anaca IpOYHOCTH yCTaHABIMBAIOT Ha
OCHOBAHMM JICUCTBYIOIIMX HOPMAaTUBHBIX JOKYMEHTOB, ONPEICISIIONIUX IpaBUIIa
IPOEKTUPOBAHUS CBAPHBIX KOHCTPYKIHMI KOHKPETHOTO BUAA.

B npakTuke HanulM DIPUMEHEHUWE JIBA METOJA pacyera: pacyer IO JIOoIyCcKae-
MBIM HANPSKEHUSAM U pacyeT I10 IIPEAEIbHOMY COCTOSIHUIO KOHCTPYKLIHH.

B COOTBETCTBHHM C IIEPBBIM METOJOM HOMUHAIBHbIC HANPSKEHUS, ICHCTBYIO-

IMUC B CBAPHOM COCAMHCHHHN KOHCTPYKIHH, HC NOJIKHBI IIPCBBINIATE HCKOTOPOI'O YC-

' TIpu pacueTe O HOMHHAILHBIM HANPSUKEHHSIM KOHIIEHTPAITHS HANPSUKEHHIT HE YU THIBAETCSL.



TAHOBJICHHOI'O IPCACJIBbHOTO 3HAYCHMA, HA3BIBACMOI'0 «JOITYCKACMBIC HAIIPSKCHUS).

CoOOTBETCTBYIONIUI CUMBOJI 3aKIFOYAIOT B KBAJIpaTHBIE CKOOKH.

{J}s @W{["]} ........................................... 3.3;
r [£]

rae @y — K03hQUIMEHT TPOUYHOCTU CBAPHOIO IIBA, G U T — HOMUHAJIbHBIE HOPMaJIb-
HBIC WJIM KAacaTeJbHbIC HANPSIKCHUS, JEUCTBYIOIINE B CEYECHHM CBAPHOIO COEIOUHE-
HUf, [G] ¥ [T] — HomycKaeMble HAMPSKEHMUS.

Pacuer no npeaenbHOMY COCTOSIHUEO KOHCTPYKLIHMH MPEANONAraeT, 4YTo JICUCT-
BYIOILIAsl Harpy3ka HE€ JOJDKHA BBI3bIBATh HACTYIUICHUE NPEACIBHOTO COCTOSHHS.
Paznuuarot nBa npeaenbHbIX COCTOSHUS:

K nepBomy npenenbHOMY COCTOSAHUIO (IpeaeiabHoe cocTosinue 1) oTHOCAT Ta-
KHE COCTOSIHMSI KOHCTPYKLHH, MPU KOTOPBIX OHA MEPECTAET YIOBJIETBOPATH 3aJaH-
HBIM DKCIUTyaTallHOHHBIM TPEOOBaHUSM WM TPEeOOBAaHUSM TPOU3BOJICTBA pabOT B
pe3ysbTaTe BSI3KOI0, XPYyIKOro, YCTAIOCTHOIO Pa3pyLICHUs WIN MTOTEPU YCTOUUHUBO-
CTH.

BTopomy npeaensHoMy cocTosiHuio (TipesienibHoe cocTosinue I) cooTBeTCTBYET
MOSIBJICHUE HEAOIMYCTUMBIX IMepeMelIeHri, NporudoBs, BUOpanuid U ap., Hapyllaro-
MUX MPUTOHOCTh KOHCTPYKIIMUM K HOPMAaJIbHOUM JKciuTyaTtaruu. Hampumep, 00ib-
IIOW yIPYTui Mporud MOJIKPaHOBOM OaJIKU MO/ IEUCTBHEM TPy3a MOXKET 3aTPYyIHUTD
MIEPEMENICHUE TEJICKKHU C TPYy30M M O3HAYAET HACTYIUIEHUE PEAEIBHOTO COCTOSIHUS,
JIa)K€ B TOM CJIy4ae, KOrJa YPOBEHb HAINPSX)KEHUN HE MPEBBILIAECT JOMYCKAEMBIX.

JInst pacdera CBapHbBIX COEIMHEHUM IO MPEAEIbHOMY COCTOSIHUIO, KaK IpPaBU-
JI0, paccMaTpuBaroT HacTyruieHue [-ro mnpenenbHOro cocrosHus. Pacuer mo mpe-
JNeIbHOMY cocTosiHMIO [, Kak mpaBWIIO, HCHIOJB3YIOT MPU PACUETE KOHCTPYKIUHU B
LEJIOM.

Pacuer cBapHbIX COEAMHEHU O JOMYCKAEMbIM HANPsIKEHUSIM HanboJjee yac-
TO MPUMEHSIOT B TEX CIIy4asix, KOr/Aa KOHCTPYKTUBHBIC JJIEMEHTBI U YCIIOBUS UX DKC-
ITyaTaluy He OTJINYa0TCs OOJIBIIUM pazHOOOpa3ueM, HalpuMep, MpU pacueTe cBap-

HBIX MAaIIMHOCTPOUTCIBbHBIX KOHCTPYKHHﬁ, COCY/OB, pa6OTaIOIlII/IX o4 AdaBJICHHUCM,



u 1p. Bennuuny nomyckaeMbix HamnpsbkeHu# ([o], [t]) ycTaHaBIMBAIOT B COOTBETCT-
BUU C JAHHBIMHU, NMPUBEICHHBIMU B HOPMATHUBHBIX JIOKYMEHTaX B BUAE TAOJIUIl WU
pPACUYETHBIM MMYTEM B 3aBUCUMOCTH OT HOPMAaTUBHBIX XapaKTEPUCTUK MPOYHOCTH MPHU

3aJaHHBIX YCJIIOBHAX 9KCILTyaTalluu:

R R R
[c]=min{ m; 02, mt}

n n n
m 02 mt

rae Ry, Roy, Ry — HOpMaTuBHBIE XapaKTEPUCTUKHU ITPOYHOCTH COOTBETCTBEHHO I10
BPEMEHHOMY CONPOTUBJICHUIO Pa3pbIBY, MPEAEITY TEKYUECTH U MPEAEty JUIUTEIbHOMN
IIPOYHOCTH IPU 33JaHHOMN TEMIIEpATypeE SKCILTyaTalllu;

Ny, Ng2, Ny — KOIPPUITUEHTHI 3am1aca TPOYHOCTH 1T COOTBETCTBYIONICH HOPMATHB-
HOM XapaKTepUCTUKH MPOYHOCTH. JIJis CBAPHBIX CTAIIMOHAPHBIX KOTJIOB U TPyOOIpO-
BOJIOB Iapa U rOpsIeil BOJbI” M3 YIIEPOMHCTHIX M TEIIOYCTOMUMBBIX CTaneil IPHHH-
MarT: n,=2,4, np=1,5, n,=1,5. 3 nonyuennsix 1o 3.4 3HaueHUIl [G]| IPUHUMAIOT
HaVMEHBbIIIEE.

Bennuuny ko3 pumueHT mpoyHOCTH CBApHOTO ITBA (P, MPUHUMAIOT B 3aBUCH-
MOCTH OT Crioco0a CBapKH, METOJIa KOHTPOJISI KaueCTBa CBAPHOTO COCIMHEHUS U OT-
HOCHUTEJIbHOTO 00beMa KOHTPOJIUPYEMBIX Y4YacTKOB IiBa. Hampumep, s cBapHBIX
CTBIKOBBIX COEMHEHUM CTAllMOHAPHBIX KOTJIOB, BHINOJIHEHHBIX C IMOJHBIM IPOBAPOM,
HOpMaTuBHbINA TokyMeHT PJI 10-249-98 npennuceiBaet:

e npu 100% KoHTpoOJIE BCeX LIBOB C MPUMEHEHUEM paauorpaduye-
CKOI'0 WJIH YJIbTPa3ByKOBOIO METOMOB — (y=1,0;

® [py BEIOOPOYHOM KOHTpoJie o0beMoM He meHee 10% — ¢,,=0;8;

® PU OTCYTCTBUM KOHTPOJISI WJIM TIPH BRIOOPOYHOM KOHTPOJIE 00B-
emoM Menee 10% — ¢,,=0;7.

IIpu pacuere yrioBbIX U TaBpOBBIX coeauHeHuil npu 100% KoHTposie npuHU-

MarT ¢<0,8; Ipx BELIOOPOYHOM KOHTPOJIC WU OTCYTCTBUU KOHTPOJIS — Py <0,6.

P 10-249-98. HopMsI pacuera Ha HPOYHOCTh CTALIMOHAPHBIX KOTJIOB H TPYOOIPOBOIOB napa 1 ropsueii Bomsl. CIIB.:
Uzn-so IEAH, 2002. — 384c.



CrangaptT AMEPHUKAHCKOIO OOIIECTBa HMHXKEHEPOB MEXAHUKOB [IJIi CBAPHBIX
. 3
COCIMHEHUN KOTJIOB M COCYOB, Pa0OTArOIIUX IO/ JAaBJICHUEM MPEANHUCHIBACT 3Ha-

yeHus: Ko GUIMeHTa MPOYHOCTH CBAPHOTO 111Ba, MPUBEICHHbIE B Ta0. 3.1.

Taomuna 3.1

3HadeHre Kod(ppuImeHTa NPOYHOCTH CBAPHOTO MIBA (O
B coorBercTtBun ¢ ASME Section VIII

3nauenue ko3puirenta @y,

Bun cBapHOro coequHeHust

100% Boi6opounsiii | be3 koHTpos
JIByCTOpOHHHE CTHIKOBBIE 1.00 0.85 0.70
OnHOCTOpOHHEE, HA MOJKIAIKE 0.90 0.80 0.65
OnHocTopoHHEe 6€3 MOAKIIATIKH — - 0.60

N3 npuBeeHHBIX BbIIIE NMPUMEPOB MOXKHO 3aKIIOUHUTh, YTO BHIOOP 3HAUCHUS
(y 3aBHUCUT OT CTENEHU YBEPEHHOCTU B BO3MOKHOCTH MPHUHSATON TEXHOJIOTUU 0Oec-
IIEYUTHh IPOYHOCTh CBAPHOI'0 COEAWHEHUS HA YPOBHE IPOYHOCTH OCHOBHOI'O METAJI-
Ja: YeM OHa BHIIIE, TEM OJIFKE 3HaueHUE Oy, K 1,0.

3naueHre K03 GUIUEHTa MPOYHOCTH CBAPHOTO IIBA CYIIECTBEHHO 3aBUCUT OT
CKJIOHHOCTH CBAapMBAaE€MOro MaTepualia K pa3ylnpOYHEHHUIO MO/ BO3JACHCTBUEM TEPMHU-
YECKOT0 IMKJIa CBapKH, HapUMEp, U1 COCAUHEHUW ATIOMUHHUEBBIX CILUIABOB, YII-
POYHEHHBIX TUIACTUYECKUM J1e(HOPMUPOBAHUEM Py, MOXKET OBITH 3HAUUTEITHLHO MEHbB-
e 1,0.

[IpenmyniecTBOM pacuera no AOMYCKAEMBIM HANPSHKEHUSM SIBJISIETCSI OTHOCH-
TeIbHAsI IPOCTOTa 3TOro MeToaa. K HemocTaTkaMm ciemyeT oTHecTH cinadyro nudde-
pPEHIMAIMI0O OCOOEHHOCTEM YCIOBUM OJKCIUTyaTallud PAa3IUYHbIX KOHCTPYKIUH.
Nmenno no 3toii npuynHe pakTUYeCKUe 3HAUCHUSI HOMUHAJIBHBIX JIOMYCKAEMbIX Ha-
NPSDKEHUN YCTAHABIIMBAKOT OTACJBHO JUIS PA3JIMYHBIX THUIIOB KOHCTPYKLUH. B HEko-
TOPBIX CIIy4asX pacyeT IO JOMYyCKAEMbIM HANPSHKEHUSM IMPUBOIUT K HU3JIULIHEMY

pacxoy MeTajiia U U30bITOYHOMY BECY KOHCTPYKIIMH.

> ASME Boiler and Pressure Vessel Code Section VIIL, Division 1, Rules for Construction of Pressure Vessels, The
American Society of Mechanical Engineers, New York, 2001 Edition, 2002 Addenda.



B npakTuke mpoeKTUPOBaHUS CBAPHBIX CTPOUTEIBHBIX KOHCTPYKITUH, KOTOPHIE
OTJINYAIOTCS OOJBIITMM PAa3HOOOpa3reM KOHCTPYKTHUBHBIX (POPM M yCIIOBHM HKCILTya-
tanuu, B CoBerckom Coro3e ObUT pazpaboTaH METO]l pacyeTa IO MpeAesIbHOMY CO-
CTOSIHUIO. DTOT METOJI B HACTOSAIIEE BPEMS MTUPOKO MPUMEHSIETCS, HE TOJIbKO B Poc-
CUH, HO U B IPYTUX, IPOMBIIIUICHHO Pa3BUTHIX CTPAHAX MUPA.

PacueT mo mpenenbHbIM COCTOSHUSM HWMEET IIeNIbI0 00SCIeYnTh HaIeKHOCTh
3IaHUS WA COOPYKCHHSI B TEYCHHE BCETO €r0 CPOKa CIYKObI, a TaKKe MPU MPOU3-
BOJICTBE padoT.

YcnoBus obecrieueHrsT HAJACKHOCTH 3aKII0YACTCS B TOM, YTOOBI pacyeTHHIE
3HAUEHUS HArpy30K WU MMM BBI3BAHHBIX YCHINN, HANpPsDKEHWH, AedopMaiuii, me-
peMenieHn, paCKpbITUH TPEILIMH HE MPEBBIIIAINA COOTBETCTBYIOIINX UM MPEICIbHBIX
3HAYCHUMN, YCTAaHABIMBACMBIX HOPMAMHU MPOCKTUPOBAHUS KOHCTPYKIIMI UM OCHOBA-
HUM.

[Ipu pacuere mo I mpeaebHOMY COCTOSTHUIO HAaOOJbIIEe, BOZMOXKHOE 32 Bpe-
Ms DKCIUTyaTamnuu, ycuiaue Q, MpuHATOE B pacueT, HE JODKHO MPEBBINIATh COOTBET-

CTBYIOIIIEH YPOBEHb HAUMEHBIIICH MPEIeIbHOM HecyIel cnocoOHocTy R:

[Ton BenmumHOW (Q MOHMMAKOT HOMUHAJIbHBIC HANPSKEHUS, BO3HHUKAIOIINUE B
pe3yJibTaTe BO3JCUCTBUSI MPOAOILHONW WM IMOMEPEYHON CHUIIbI, U3rMOArOIEro Wiu
KpPYTSAILIEr0O MOMEHTA WUJIN COUYETAHUS HArPY30K.

B oOmem Bujie OCHOBHOE ypaBHEHHME pacueTa MPOYHOCTH IO MEPBOMY Ipe-
JICIBHOMY COCTOSIHUIO B TOM CJydae, KOTJla MeCTHas IjiacTudeckas aedopMaius He
JIOIYCKAeTCsl, UMEET CIIeAyIollee BhIpaXKeHUE (B CKOOKax JaHbl OPUEHTHUPOBOYHBIC
3HauYCHUS KOY(PPHUIIMECHTOB, BXOIAIINX B BEIpAKECHUE 3.6 ISl CTPOUTEIHHBIX KOHCT-
PYKIIH):

P
VY Ve S L R e 3.6

rae y — kodddumument coueranus Harpy3ok (y=0,6+1,0); yr — koappuruent Hamex-

HocTH mo Harpy3ke (v = 0,9+1,6); 7v. — xoaddunuent yciaoBuii paboThl (Y. =
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0,7+1,2); Ym — K03 HUIMEHT HAASIKHOCTH 10 MaTeprany (ym, =~ 1,025+1,35); v, — xo-
¢ PUIMEHT HAIE)KHOCTH IO OTBETCTBEHHOCTH (Y, = 0,8+1,2). P — Benumunna pactsru-
BAIOLIEH WJIM CXKMMAOIIEH Harpysku; F — miomaznp monepedyHoro ceuenus; Ry, —
npesen TeKy4yecTdu Marepuasna, MPUHUMAEMblil paBHBIM 3HAUYECHMIO TpEJeNa TeKyde-
CTH G, 10 TOCYAAPCTBEHHBIM CTAaHJAPTaM WM TEXHHMUYECKUM YCJIOBHUSIM Ha MaTepH-
al.

KoadpdunueHnT HanexKHOCTH MO HArpy3Ke YUUTHIBAET BO3MOXKHOE OTKJIOHEHHE
HArpy30K B HEOIAronpusTHYIO (OOIbIIYI0 WIM MEHBIIYIO) CTOPOHY OT UX HOPMATHB-
HBIX 3HAYEHHI BCJIEACTBUE M3MEHUYHMBOCTH HArpy30K WM OTCTYIUIEHUH OT YCJIOBHMA
HOpMaJIbHOM dKcITyaranuu. KosagduimeHt coueTanusi Harpy30K YYUTHIBAET YMEHb-
[IEHHE BEPOATHOCTH OJIHOBPEMEHHOT'O MPEBBILIEHUS HECKOJbKUMHU Harpy3Kamu HuX
pacyeTHBIX 3HAYEHUI 10 CPABHEHUIO C BEPOATHOCTBHIO MPEBBILIEHUS OJHOW HArpys-
KOM €€ pacueTHOro 3HadeHus. ITU KodpduuueHtsl pekomenayer BBoauTh ['OCT
27751%* 15 obecreueH s HaIEKHOCTH CTPOUTEIBHBIX KOHCTPYKIIHIA.

MO>XHO BHIETb, UTO JIEBAsl YaCTh ypaBHEHUs 3.6 MpeacTaBisieT cOO0W BeIUYH-
HY HOMHUHAJBHBIX HAIMPSKEHUN Gyoy B CEUCHHHM KOHCTPYKIIMHM, YMHOKEHHYIO Ha KO-
3¢ ULIUEHTBI Y, Yf U Yy, YTO B OTVIMYUE OT PACCMOTPEHHOIO BBIIIE METOJIAa pacyera
[0 JIOMYCKAaeMbIM HaNpsKEHUSIM IO3BOJIAET 0oJiee MOJHO YUYMTHIBATh HA/IEKHOCTD
CBEJICHUH O JIEUCTBYIOIIMX HAa KOHCTPYKIIMIO HATPy3KaX MPHU ONMPEIACICHUH G-

[IpaBs yacTh ypaBHeHuUs 3.6, (haKTHUECKH MPEJCTaBIsET COOON BEIMYMUHY HO-
IyCKAaE€MbIX HANPSKEHUMN, MOJYYaeMYyI0 IyTEM JEJIEHHUs rapaHTUPOBAHHOIO 3HAYe-
HUS [Ipejiera TeKYy4ecTH MaTepuana Ha KO3 PUIIMEHT 3anaca IpOYHOCTH, OCUUTHI-

BaEMBIN KakK:

Conocrasiisis BelpaxkeHus 3.4 U 3.6 MOXKXHO BHJIEThb, YTO PACUET IO MPEAENb-

HOMY COCTOAHHUIO PA3ACIIbHO YUYHUTBIBACT 3allaC IIPOYHOCTH, HGO6XOHHMLIﬁ JJIAA KOM-

*TOCT 27751 -88 ¢ uzmenenusamu Nel 1999r. - HaiesKHOCTb CTPOMTENBHBIX KOHCTPYKIHH H 0OCHOBaHHiT. OCHOBHBIE
TIOJIOKEHHS TI0 Pacyery.
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NEHCAllMU PUCKOB, CBSI3aHHBIX C BO3MOXHBIM OTKJIOHEHHEM HArpy3Kd OT MPOEKTHOM
BeIMYUHBI (KO3 DULIUEHTHI Y, V¢ U ¥,), U 3aMac MPOYHOCTH, HEOOXOJUMBIN TSI KOM-
NEHCAlUM PUCKOB, CBSI3aHHBIX C BO3MOXXHBIM OTKJIIOHEHHUEM IPOYHOCTHBIX XapaKTe-
PUCTUK MaTepuaa.

bnaronapss 3ToMy, METOJl pacuera Mo MNPeIeIbHOMY COCTOSIHUIO IMO3BOJSET
¢ depeHINPOBAHHO MOAOUTH K PacyeTy KOHCTPYKIIHM, Y4ECTh OCOOCHHOCTH yCIIO-
BUW JKCIUTyaTallud KOHCTPYKIMH U CTaOUJIBHOCTh CBOMCTB KOHCTPYKIIMOHHOTO Ma-
Tepuana. Bce 310 mo3Bosisier 6osiee 3PPEKTUBHO UCIOIB30BATh KOHCTPYKIIMOHHBIN
MaTepual 3a cueT 000CHOBAaHHOT'O HAa3HAYEHUS 3amaca MPOYHOCTH.

[ToaBOIS UTOT PACCMOTPEHUIO BOMPOCA O 3arace MPOYHOCTH MPHU pacueTe KOH-
CTPYKUUH HE0OX0auMO OOpaTUTh BHUMAaHUE HAa TO, YTO B HACTOSIIEE BpEeMs HE Cy-
IIECTBYET CTPOroro 0OOCHOBaHUS BbIOOpA BEJIMUYMHBI KO3(PduIMeHTa 3amnaca npod-
HOCTH. B OCHOBE pexkoMeHAalMi TeX TMO00 UHBIX KOHKPETHBIX 3HaY€HUH Kod(hduim-
€HTOB JIC)KHUT OMBIT MPOSKTUPOBAHUS M IKCIUTyaTaIllMi KOHCTPYKIUN Pa3IMYHOTO Ha-
3HAUEHHUS, OMBIT, HAKOIUICHHBIA MPHU aHAJIM3€ aBapuil U MOBPEKIECHUN. DTOT OMBIT
OTpaXar0T HOPMATUBHBIE IOKYMEHTBI, ACHCTBYIOIINE B PA3IMYHBIX OTPACISAX IKOHO-
mMuku. [IoaTOMy Npu NpOEKTUPOBAHUH U pacyeTe CBAPHBIX KOHCTPYKLIMHA HEOOXOH-
MO HCIOJIb30BaTh HOPMATHUBHbBIE TOKYMEHTHI TOM OTpaciu, AJii KOTOPOH MpeaHa3Ha-
YeHa JIaHHAasi KOHCTPYKIIHSL.

HecomHeHHO, BaXXKHYIO pOJIb UTPAET OMBIT, HAKOILJICHHBIN B MUPOBOM MPAKTHKE
U, CJIeI0BATEIbHO, IPU pa3pabOTKE OTPACIEBbIX HOPMATUBHBIX JOKYMEHTOB HEOOXO-
JIMMO OTHPATHCS HA MEXKIYyHAPOIHBIC CTAHIAPTHI M PEKOMEHAINHU, TaKhe Kak, Ha-
puMep:

— prEN 1993-1-8: 2003(E) — IIpoekTupoBanue CTalIbHBIX KOHCTpYKIUA. YacTu
1 — 8. IIpoekTupoBaHUE COCTUHEHUN.

— ISO 16528-1:2007 — Kotiibl u cocysl, paboTaroiiue noj aaBieHueM. Yactb
1. HopMbI IpOEKTUPOBAHHSL.

— ASME BPVC Sections - 2007 Boiler and Pressure Vessel Code - Koasl o

KOTJIaM 1 COCyaM BBICOKOI'O JTaBJICHHA.
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— EN 13455-3 Unfired pressure vessels. Part 3 — bezronounsie cocyibl, pado-
TaIOLIME M0/ JaBICHUEM.

— AWS D1.1/D1.1M-2006. Structural welding code: Steel — Kon Amepukan-
CKOI'0 CBapOYHOro o0mecTBa. CBapKka CTPOUTENbHBIX KOHCTpYKUUA. Cramnu.

— DIN 18800-1 Structural steelwork. Design and construction. — CtanbHbie

KOHCTPYKIIMH. PacyeT u mpoekTupoBaHUE.
3.3. Tunsl CBapHBIX COCTUHEHUM.

Tun cBapHOro COEAMHEHUS OINPEIESIOT B3aUMHBIM PACIOI0KEHUEM CBapH-
BaEMbIX 2JIEMEHTOB U ()OPMOM MOATOTOBKH (pa3/IesiKi) UX KPOMOK O] CBAPKY.

B 3aBucumMocTH pacnoyioxeHUsl COEAUHAEMBIX JIeTalleld pa3anyaloT YeThIpe OC-
HOBHBIX THIIA CBAapHBIX COEJUWHEHMI: CTBIKOBbIE (puc.3.3a), HAXJIECTOUYHBIC

(puc.3.36), yrinosslie (puc.3.3r) u TaBpoBbIe (puc.3.3B).

e [

a 0 B T

Puc. 3.3. OCHOBHBIE TUIIBI CBAPHBIX COCTMHEHUM.

CoenrHeHUs MOTYT OBITh BBIMIOJIHEHBI CO CIUIONIIHBIM IIBOM MO JJIMHE WUJIU C
IPEPHIBUCTHIM, C MOJHBIM MPOILJIABIICHUEM CBAPUBAEMBIX KPOMOK HIIM C YACTUYHBIM
(coeuHEeHUs ¢ KOHCTPYKTUBHBIM HEMIPOBAPOM).

HaxsecTouHble COeTMHEHUS BBITIOTHSIOT:

— yraoBbsiMu mBamu (puc.3.30);

— IPOILJIaBHBIMU, KOT/Ia HAaXJIECTOYHOE COeUHEHUE 00pa3zyeTcsi MyTeM CKBO3-
HOTO MPOIUIaBJICHUS OJJHOM U3 Jietanei (puc.3.4a);

— nMpoOKOBBIMU, KOTJIa B OJIHOM U3 AeTallell mepe]] CBAPKOW BBIMOIHSIIOT CKBO3-

HOC OTBCPCTUC U IIPOUZBOJAT CBAPKY UYCPC3 OTBCPCTUC C IMOJHBIM 3aIIOJIHCHUCM €T0

(puc.3.46);
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— IPOPE3HBIMU, KOTIA B OJHOM U3 JETaJIeH IIepe]l CBAPKOM BBIITOIHAIOT CKBO3-
HOE OTBEPCTHUE U IIPUBAPUBAIOT €€ K APYTrOM JETaIu YIIOBBIM LIBOM YEPE3 OTBEPCTUE

(puc.3.4B).

\\

N A \\\\\\\\.' A
/////////////////////// /////////////////////////4

Puc.3.4. HaxsiecTouHble COEAMHEHHUSI C MPOILJIABHBIM IIBOM (a),
poOKOBBIM (0) U TPOpPE3HBIM (B).

OCHOBHBIM HOPMAaTHUBHBIM TOKYMEHTOM, HUCIIOJIb3YIOLUIUM PAaCYET CBapHbBIX CO-
€MHEHUN M0 MNPENCTIbHOMY COCTOSIHUIO MPU MPOEKTUPOBAHUU CTAJIbHBIX CTPOM-
TeIbHBIX KOHCTpyKImi, siBisiercst CHull® 11-23-81%* - CTanbHble KOHCTPYKIIHHL.

B cooTBeTcTBUM € 3TUM JOKYMEHTOM YpaBHEHUE NMPOYHOCTH MOKHO 3aIUCaTh
10 AHAJIOTUH C Yp. 3.3 B CHEAYIOLIEM BHJIE:

R

wy

{"} <y AR ] 3.8
.

wf

= I~ v~

=]

I'ne cumBosiom Ry, 00o03HauaeTcsi pacueTHOE CONPOTUBIIEHHWE CBApPHOIO CO-
eMHEHUs, BTOPOX CHUMBOJI MOCJIe W 0003HAYaeT CIEAYIOIIEe: Y — pacyeT Mo Npeesy
TEKY4YECTH; U — pacueT M0 Ipenesy NPOYHOCTH (BPEMEHHOMY COINPOTHUBIIEHHIO); S —
pacueT Ha cpe3; f — pacuer npu pazpylIeHUH 10 HAIUIABIEHHOMY METAJULy YIJIOBOTO
IBA; Z — pacyeT MPH pa3pyLUIECHUH 10 METAILTY 30HbI CIUIABJIEHHUS YIJIOBOT'O IIBA.

CBs13p 3HaYEHUH PACUYETHOTO CONPOTUBIIEHUS PA3JIMYHBIX 30H CBAPHOIO CO-
€IUHEHHUS C IPYTMMHU MPOYHOCTHBIMU XapaKTEPUCTUKAMH METAJlIa MPEICTABICHA B

tadune 3.2.

> CHulI — CtpouTe/bHble HOPMbI U TIPABHIA
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B npunoxenusax 3.1; 3.2; 3.3 npuBeneHsl ISl CIPABKH 3HAYEHHUS PACUETHBIX
COIIPOTHUBIICHUH JUIsI HEKOTOPBIX CTPOUTEIBHBIX CTAJIEW M UX CBAPHBIX COCIMHECHUH,
BBIINOJIHEHHBIX Pa3JIMUYHBIMU CIIOCOOAMH CBapKH.

B o0meM ciyyae pacyeT CBapHbIX COCAMHEHWI HAa MPOYHOCTh IPU CTaTH4e-
CKMX Harpy3Kax CBOJMTCS K COIIOCTaBJICHHI0 MAKCHUMaJIbHOM BEJIMYMHBI HOMHUHAJIb-
HbIX HaIIPSHKEHUM B PACUETHOM CEYEHHUH C BEJIMYMHOW PACUETHOTO COIPOTHBIICHMS

JUISL JAHHOTO CeYeHUs (WM BEJIMUMHOM JIOMYCKAEMBbIX HAMPSHKEHUN ).

Ta0muna 3.2
PacueTHOoC COIIPOTUBJICHUC CBAPHOI'O COCANHCHUA
CaapHble Hanpsxenne coctostaue VYcnosue pacuera | PacuerHbie co-
COETMHEHUS MPOTUBJICHUS
CBapHbBIX
COEeIMHEHUN
CTBIKOBBIE Cxarue. Pactsokenne u u3rub rmpu aBToma- [To npeneny P R R,
COEIMHEHUS] | TUYECKOH, MOJIyaBTOMaTHYECKON WIN Pyd- TEKy4eCTU e
HOM cBapke ¢ (U3UIECKUM KOHTPOJIEM Ka- Y
4eCTBA IIBOB ITo BpemeHHOMY Ry.=R,
COIIPOTHBIIEHUIO
Pactspkenre u u3rub rnmpu aBTOMaTHIECKOM, [To nmpeneny R,,=0,85R,
I10JIyaBTOMAaTUYECKON UJIUM PYYHOU CBapKe TEKY4ECTH
CaBur R, =0,58R,
Coenvnenus Cpe3 (yciaoBHBIN) [To meramty mBa R 055 Ry
C YIJI0BBIMHU Ty
BaMu ITo metamy rpanu- | R,.= 0,45R,,
1bI CIJIABJICHUSI

IIpumeuanus: 1. J[nd mBOB, BRIIOIHIEMBIX pyYHOU AyTOBON CBapKoOii, 3HaueHus R, peKOMEHyeTCs IPUHUMATD
PaBHBIMH 3HAYCHHUSIM BPEMEHHOTO CONPOTHUBIICHUS Pa3phIBy MeTailIa IBa, ykasaHHEIM B OCT 9467-75%*.

2. JIns1 1IBOB, BBINOJIHIEMbBIX aBTOMAaTHUECKON WM MEXAaHU3UPOBAHHOW CBApKOil, 3HaUeHUE R, PEKOMEHIYETCS IPH-
HUMAaTh 1o Taoi. 4* CHull I1-23-81* (c u3m. Nel 1999r).

3. 3HaueHus ko3P PUIIEHTA HAJEKHOCTH 110 MaTEpUalTy IIBa J,,, PEKOMEHIYETCs IPUHUMATh paBHBIMH: 1,25 — ipu
3Ha4YCHUAX R,,,, He Oomee 490 MIla; 1.35 — nmpu 3HaYeHns1X R, 590 MIla u Goxee.

4. R, n R, —pacyeTHbIE CONPOTHUBIICHHS Ul OCHOBHOTO METaJlIa, COOTBETCTBEHHO MO NpeJeily TEKYUECTH M 10 Bpe-
MEHHOMY COIPOTUBJIEHHUIO, R, — HOPMATHBHOE 3HAYEHHE BPEMEHHOTO CONPOTHUBIIEHHS OCHOBHOTO MeTaa, Ry, — Hop-
MaTHBHOE 3Ha4Y€HHE TpeJielia TEKyYeCTH MaTepralia B COOTBETCTBHE CO cTaHaapToM mim TY.

5. Ym — K023 PHULIUEHT HAJACKHOCTH [0 OCHOBHOMY METAJLIY.

3.4. PacueT cBapHBIX CTBIKOBBIX COCIMHEHHUIA.

Pacuer CBAPHBIX CTBIKOBBIX COGI[I/IHCHI/Iﬁ Ha OCHTPAJIbHOC PACTAXKCHUC UIIH

cKaTHe clieyeT MPOU3BOIUTH 0 Gopmyiie:
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I/i€ { — HAUMEHBIIAs TOJIIIMHA METAJIJIA COEAUHAEMBIX DJIEMEHTOB, YTOJILEHHUE
IBA B pacyeT He IPUHUMAIOT;

l,, — pacdeTHas JIJIMHA 11IBa, paBHAs MMOJHOM €ro JIJIMHE, YMEHbILIEHHOH Ha 21,
WJIM TIOJIHOW €T0 JUIMHE B CIIy4ae BbIBOJIa KOHIIOB I1IBA 3a MPEJEIIbl CThIKA HA BBIBOJI-
HbIE IIJIAHKU;

N — BenuurHa Harpy3Ku, JEHUCTBYIOLIEH HA CBAPHOE COCIUHEHNUE.

OObpazoBaHue CBaApHOTO COEIMHEHUSI COMPOBOXKIACTCS MOSBICHUEM CTPYKTYP-
HOM Y MEXaHUYECKOW HEOJAHOPOIHOCTBIO. [IpOYHOCTH 30HBI CIIJIABJICHUS WJIA METall-
J1a IIBAa MOKET OTJIMYATHCSI OT IPOYHOCTH OCHOBHOT'O METAJLIA, B OKOJIOIIOBHOW 30HE
MO>KeT HabmoaaThesl pasynpouHeHue. [loaToMy mHOrAa pekoMeHayeTcsl MPOBOAUTD
IIPOBEPOYHBIC PACUEThl IPOUYHOCTH B IPEAIIOI0KEHUA BO3MOXKHOCTUA PA3PYLICHUS B
pPa3IMYHBIX 30Hax. Takyr NMpOBEPKY PEKOMEHIYETCS MPOBOIAUTH ISl CBAPHBIX CO-
€IMHEHU! aJIOMUHUEBBIX CIUIaBOB, YIPOUHEHHBIX IJIACTHUYECKUM J1e(OpMHpPOBaAHU-
€M, WK B TEX CIIy4asiX, KOrja HET YBEPEHHOCTH, YTO IPOYHOCTh HAIUIABJIEHHOIO Me-
Tajula IIBa OKAXKETCsSl HE HWKE NMPOYHOCTH OCHOBHOTO MeTayia. Bmecre ¢ Tem, cie-
IyeT UMETh B BHUJY, YTO IIOBBICUTH IIPOYHOCTH CBAPHOI'0 CTHIKOBOI'O COCIMHEHHUS 3a
CYeT MpPUMEHEHUs 00JIee MPOYHOro MPUCAAOYHOrO METalla HEe MPEICTaBIAECTCS BO3-
MOXHBIM.

B tex ciyuasx, korjga yepes OB CBAPHOI'O CTHIKOBOI'O COCAMHEHUS HE IPEJ-
HOJIaralT TepeaaBaTh OOJNBIINE HArpy3KH, PaBHONPOYHOCTH CBAPHOTO COEAMHEHUS
He TpeOyercs. B 3Tux ciydasx NpUMEHSIOT CBapKy C HE HETIOJIHBIM IMPOIJIaBICHUEM

KPOMOK WJIM CBapKy NMPEePbIBUCTHIMU IBaMU (puc.3.5).

Y

3 i
-~y I N/
Z i ¥ L
by

O ]\ w\/g‘% /i

Puc. 3.5. CBapHbl€ CTBIKOBBIE COEIMHEHUS C TPEPHIBUCTHIM IIBOM
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Y C HEIOJIHBIM IPOIUIABIIEHUEM KPOMOK
[IpOYHOCTh TaKMX COECIVMHEHUN PACCUUTHIBAIOT UCXOIA U3 JEHCTBUTEIBLHOTO

pa3Mepa cedeHusl Ba 0e3 y4eTa yTOJIIECHUS 1IBa.

I[J'ISI IMPCPBIBUCTLIX IIBOB:

N
HOM t L

ce

-lisgow[a] ................................. 3.10

I[J'ISI IIBOB C HCIIOJHBIM IMPOILIABJIICHUCM:

N
= <@ o] 3.11
O-Ho.u (Cll + a2 ) Lcd (Dw [6]

Crnenyer UMeTh B BHJly, YTO B CBapHBIX COECIMHEHUSX C HEMOJIHBIM MPOILIaB-
JIEHUEM KPOMOK WM C NPEPBIBUCTBIMU IIBAMHU I10J] IEUCTBUEM HArpy3KH CO34AETCs
BBICOKAsi KOHUEHTpAaLMs HanpsbkeHud. Takue coelMHEeHUs He PEeKOMEHAYEeTCs IpH-
MEHSTh JUIsl KOHCTPYKUMN M3 HEJOCTATOYHO IUIACTUYHBIX MaTEpHUajioB WM pado-
TAIOLIUX MPU IEPEMEHHBIX HArpy3Kax.

[lo aHasorMu ¢ pacCMOTPEHHBIM BBILIE MPOU3BOJAT pacyeT MpU ACUCTBUU
IPYTUX CWIOBBIX (PaKTOPOB, HANpuUMeEp, MpU JIEHCTBUU H3TUOAIOIIEr0, KPYTSIIEro

MOMEHTA WJIM MEPEPE3bIBAIOIICH CUJIBI.
3.5. PacueT cBapHBIX COEAMHEHUH C YIJIOBBIMU IIIBAMH.

PacueTHoOe ceueHmne.

[IpakThka MpPOEKTUPOBAHUS CBAPHBIX KOHCTPYKIMU CBUICTEILCTBYET O TOM,
YTO UMEHHO COCIMHEHUS C YTIOBBIMU IIBAMH NPUXOIUTCA Hanbojee 4acTo paccyu-
THIBaTh Ha MPOYHOCTh. DTO OOBSACHSICTCS HECKOJBKUMH NpUYMHAMU. Bo-mepBhIX,
ATOT BUJ COSIUHEHUM SBJISIETCS MPEOOIaJAI0OMIUM BO MHOTHX OTPACIISIX TTPOU3BOJICT-
Ba. Hammpumep, B CTpOUTEIBHBIX KOHCTPYKIIHUS 00BEM CBApHBIX COCAMHEHUN C yTIIO-
BeIMHU IIBaMu gocturaet 90%.

Bo-BTOpBIX, O0JIbIIIAst YaCTh TAKUX COCTUHEHUI MEepelaloT HAarpy3Ky, 4To Tpe-
OyeTr 000CHOBaHUS MX Pa3MEpPOB, MOCKOJIBKY 3aBBIIICHUE pa3Mepa KaTeTa IBa IMpu-

BOAUT K CYHICCTBCHHOMY YBCIMYCHHIO oO0beMa HaIUIaBJICHHOI'O MCTajllia, TpyaAOCM-
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KOCTU M SHEPreTUYECKUX 3aTpar Mpu NMpou3BOACTBe. Hampumep, 3aBbillieHHE KaTeTa
mBa |MM NPUBOJUT K YBEJIMYEHUIO MACChl HAIIABIEHHOTO MeTauia B mBax ¢ K =
10mM mipubnusuTensHo Ha 20 %, a B mBax ¢ K = 6mMm — 6osee uem Ha 35 %.

B 3aBucuMOCTH OT pa3MepoB U MEXAHMYECKUX OCHOBHOTO METajla U MeTajjia
YIJIOBBIX IIBOB MMEETCS HECKOJIBKO 30H, OMPEACIISIIOIIMX MPOYHOCTh CBAPHOrO CO-
eauHenus (puc.3.6).

Ecnu TaBpoBOE coeiiHEHUE BBIMIOJHEHO C MOJHBIM MPOIUIABICHUEM, a ITPOU-
HOCTh METaJlJla IIIBa HE YCTYyMaeT MPOYHOCTU OCHOBHOT'O ME€Tajuia, TO Hamboliee Be-

POSITHOM 30HOM pa3pylIeHUs sBIsSeTcs 30Ha 1.

[ !

3.6. Bo3MOXHBIE 30HBI pa3pyLICHUS B COSUHEHUAX C YIIIOBBIMHU IIBAMH.

IIpu cratMyeckux Harpys3kax paspyLlE€HUE CBAPHBIX COEAMHEHMI C YIJIOBBIMHU
[IBaMU HaumOoJiee 4acTo MPOXOIUT MO 30HE 3 uiau 30HE 2. 30HA 2 CIY>KUT UCTOUYHHM-
KOM pa3pyLICHHs B TOM Ciydae, KOTa MPOYHOCTh METAJUIA IIBA MPEBBIIIAET MPOY-
HOCTh OCHOBHOT'O METaJlIa.

Pa3zpymienue mo 30He 4 HaOIIOJaeTCs B TEX CIIyyasiX, KOrjaa NpOYHOCTh OCHOB-
HOI'0 METaJllIa B HAIPABJICHUH TOJIIMHBI CTEHKH (IPOYHOCTH B HAIIPABJICHUU Z) UMe-
€T HU3KYIO BEJIMYMHY WMJIM KOI'Jla B 30HY CBAapKU IMONaaaeT AeeKT paccioeHUe Me-
tanna. Kak npaBuiio, 3T npoOsaemMbl BOSHUKAIOT MIPH TOJIIMHE MeTasuia Oonee 20MM
IPU BBICOKOM COJIEP’KaHUU B HEM BPEIHBIX IpUMeceii, 0COOEHHO CEpBhl.

Pacuer npoyHocTH 1miBa B 30He 2 U 30He 3.

B 0OBIUHBIX ciTyyasix pacueT CBapHBIX COCAMHEHUN BBIMOIHSIIOT U3 MPEIIOJIO-

KEHUS, UTO Pa3pyILIEHUE MOXKET MPOU30UTH JINOO 1O 30HE 3, TMOO 10 30HE 2.
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He3aBucuMo oT HampaBieHusi JAEHCTBYIOUIEH CHJIBI MO OTHOIICHHIO K IIBY
IOPUHATO CYUTATh, YTO PA3pyILICHHUE YIJIOBBIX IIBOB IIPOUCXOJIUT B pe3ysbTare JAci-
CTBUS KacaTeJIbHbIX HAIPSKCHUM.

OCHOBHBIM pacUETHBIM IAPAMETPOM SBIIAETCS pa3Mmep Karera msa K, KoTopsii
OTIpEEISAI0T KaK KaTeT BIIMCAHHOTO PaBHOOEIPEHHOIO TPEYrojbHUKA B KOHTYp IO-
nepeuHoro msa (puc.3.7). Beicora pacueTHOro ceueHus yrioBOro HiBa 3aBUCHUT OT
KaTeTa 1IBa, 30HbI IPEAINOIaraeMoro pa3pyueHus U riayOuHbl IpOIIaBiIeHUS.

[Ipu pyuHo# nyroBoi cBapke, Korja IriyOuMHa IPOILIaBIEHUS OCHOBHOTO Me-
Tajuia HeBesukKa (puc.3.8a), BBICOTY PaCUETHOI'O CEUEHHUS MPUHUMAIOT PABHOM KaTeTy
mBa h = K, npu pacuere npounoctu no 3oue 2 u h = 0,7K, npu pacuere mo 30ne 3.
BrINTyKJ10CTh 1IBA IPU pacyeTe HE yUYUTHIBACTCS.

K

-+ L

I

Puc. 3.7. Beiienenue pac4eTHOroO 3Ha4CHUS KaTeTa 11Ba.
[Ipu cBapke ¢ rIyOOKHM MPOIUIABICHHEM, HAlPUMEp, MEXaHW3HPOBAaHHOU B
3alUTHBIX ra3ax WIM aBTOMATUYECKOM IMoj (hIr0COM, BBICOTA PAaCUETHOTO CEYEHHUs

mBa yBenuuuBaercs (puc.3.80).

izl vk / o

07K
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Puc.3.8. PacueTHas BpicOTa yIJIOBOTO I1IBA.

B o0miem cirydae BBICOTY pacdeTHOTo cedeHus onpeaensroT kak h = B,K (B, =
1...1,15) nns 30nb1 2 1 h = BK (Bs=0,7...1,1) ans 30ub1 3. 3HaueHus: kodPpuirieH-
TOB 3, U B YCTAaHOBJICHBI HA OCHOBAaHUHU CTATUCTHUUYECKON 0OpaOOTKH MHOTOYHUCIICH-
HBIX OKCIIEPUMEHTOB, NpoBeaeHHbIX B IOC um. E.O. I1aTona.

CHulI 11-23-81* pekoMmeHayeT Ipu pacuere IPOYHOCTH CBAPHBIX COSTUHCHMIM
OPUHUMATh B 3aBUCUMOCTH OT CI10co0a CBapKH M MOJIOKEHUSI 111Ba 3HaYeHus [3, u Pr B

COOTBETCTBHUHU C Tabiuien 3.3.

Tabnuma 3.3
Bt cBapki mpu 3navyenus ko3pPuuneHToB fru
. /- IpU KaTeTax IIBOB, (MM)
JUaMETpe CBapOYHOMN [onoxenne mBa | Koaddunuent T
MIPOBOJIOKHU d, (MM) 3-8 | 9-12 |14-16
u Oosee
ABTOMaTHUECKAS B 10104k Br 1,1 0,7
mpud=3-5 AOTY B, 115 1
Br 1,1 0,9 0,7
H
FoHee B, 1,15 1,05 1
ABTOMaTHUECKas Be 0,9 0,8 0,7
B nomouky
Y MEXaHU3UPOBAHHAS B 1,05 1
npud=14-2 Huxuee, ropu3oH- Br 0,9 0,8 0,7
TaJbHOE, BEPTUKAIb- B, 1,05 1
HOE
Pyunas; MeXaHH3HPOBaH-| o B — Br 0,7
Has IIPOBOJIOKOM CILIOII- B 1
TOPU30HTAIILHOE,
HoTro ceuenus npu d < 1,4
. BEpPTHUKAIbHOE, 10~
WM TIOPOIIKOBOW TPOBO- TONOUHOE
JIOKOH

Crnenyer OTMETUTh, YTO B TEX CIyyasX, KOrJa CIoco0 CBapKU M IOJIOKEHUE
[IBa B MPOCTPAHCTBE MPHU BHIIIOJHEHUH CBAPKH BIMSAET HA PACUYETHYIO BBICOTY YIJIO-
BOTO I1IBa, B TEXHUYECKUX TPEOOBAHUSAX HA YEPTEKaxX JOJDKHA OBITh clejaHa COOT-
BETCTBYIOLIAsA OTMETKA. ECIM IPU MPOEKTUPOBAHUN HEU3ZBECTHO, B KAKOM IOJIOXKE-
HUM OyJeT OCyIIeCTBIIEHA CBapKa, HEOOXOAMMO MpUHUMATh 3HadeHus Py =0,7 u f3,
=1,0, Takue xe 3HaAUYE€HUA KOIPPHUIMEHTOB HEOOXOAUMO IMPUMEHSTh IPU pacyeTe
CBApPHBIX COEIMHEHUI U3 cTajel ¢ npeaenom Tekydectu cebie S30MlIla, HezaBucu-

MO OT BHJa CBAPKU U ITIOJIOKCHU IMBA U JUAMCTpPa CB&pO‘IHOﬁ IIPOBOJIOKH.

20




[Ipu cBapke C HMCMONB30BAHHEM TEXHOJOTHYECKHX MPUEMOB, HAIPaBJICHHBIX
Ha MOBBILIEHUE MTPOU3BOJUTEIIBHOCTH HAIUIABKU, KOTOPBIE CONPOBOXKAAIOTCS CHUXKE-
HHEM TJIyOMHBI MPOIUIaBICHUS (HApUMeEp, CBapKa MpH yIIMHEHHOM BBLIETE JJIEK-
TpOAa, IPH MPSIMON MOJSPHOCTH MOCTOSTHHOTO TOKA, C MPUMEHEHHEM JOTIOTHHUTEIb-
HOTO TIPUCATOYHOT0 MaTepuana u T.II.), 3Ha4YeHUs] KOA(P(ULIUEHTOB PEKOMEHYEeTCs
npunumath Br= 0,7 u B, = 1.

Pacuer cBapHBIX COEIMHEHMI C yTJIOBBIMHU LIBAMHU MPOBOJAT, KAK MUHUMYM,
0 IBYM CEUCHHSM:

— IO MeTaJuly IIBa

T = 7Kl e O 3.12
rBE

— IO MCTAJIJIy T'paHULbI CILIABJICHUSA

T = ) 3.13
HoM ,Bz Klw wel we¥ e

rae /, - pacyeTHas JUIMHA IIBa, IPUHUMAaeMas MEHBIIE ero MOJHOM JUIMHBI Ha
10 mm;

Ywf X Yw, - KOIPPHUIIHMEHTHI yCIOBUN paboOThI 1IBa, paBHBIE | BO BCEX Clydasx,
KpPOM€ KOHCTPYKIMH, BO3BOAUMBIX B KIMMATUYECKUX paﬁOHax6 I, I, I, u 15, s
KOTOPBIX Ywf = 0,85 11 Meramia mBa ¢ HOPMATUBHBIM COINPOTHUBIEHUEM Ry, =
410MlIIa u vy, = 0,85 mus Bcex craneu.

[Ipu npoeKTUpOBAHUU COENUHEHHM C YTJIOBBIMH IIBAMH HEOOXOIUMO BBHIOU-
paTh CBapOYHbIE MaTepUasbl TaK, YTOObI IPOYHOCTH COEAMHEHUS 10 30HE 2 U 30HE 3
Obl1a MpUOIN3UTENHHO OAMHAaKOBOM. M3 comoctaBnenus 3.12 u 3.13 MOXHO 3aKIItO-
YUTh, YTO ITOMY TPEOOBAHUIO yAOBIETBOPSIOT CBAPOUYHBIE MAaTE€PUANIbl C PACYETHBIM

COITPOTUBIICHUEM METAJIJIA [IBA B COOTBETCTBUM C ypaBHEHHEM 3.14.

R.<R,< wa& ............................................ 3.14
’

3.6. CoennHEHM, BBITOJIHEHHBIE TIOJ YIJIOM.

® Knumatudeckue paiions! ycranaBnuBaroTcsa B coorBercTBHE ¢ ['OCT 16350-80. 1, — oduens xomoaHbIi; 1, — xomo-
HBII; 2) — apKTUYECKUH BOCTOUYHBIHN; 23 — apKTUYECKUH 3amaIHBIH.
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B HEKOTOpBIX Cilydasx B3aMMHOE PACIIOJIOKEHHUE JETAlIel B TaBPOBOM COEIH-
HeHnu omim4daercs ot 90°. Ha puc. 3.9 mokazaHo cedeHue TaBpOBOIO COCIWHEHMS,
Harpy>K€HHOTO CUJIOW, NEUCTBYIOLIEN BJIOJb LIBA.

IIpu pacnoyioxKeHUH JeTaled TaBPOBOIO COEAMHEHMS 10 OCTPHIM HJIU TYIIBIM
YIJIOM pacyeTHasi BbICOTA 1BA 3aBUCUT HE TOJBKO OT KaTeTa IlIBa, HO U OT yrja Ha-

KJIOHA () OJTHOM JIeTaliv 10 OTHOIICHHIO K Apyroi (puc.3.9a).

Pacuer Takux coelMHEHMI MPOU3BOJAT B JIBA JTala: BHAYaJe BBIYHCIISIOT
CpellHee 3HAaUYE€HHUE BBICOTHI PACUETHOI'O CEYEHUS, 3aT€M ONPENEISI0T pa3Mep Karera
IIBOB C KaXO0W CTOPOHBI TABPOBOI'O COEAUHEHUS U3 YCIOBUS MUHUMU3AIUU CYMMBI
IUIOLIA/IeH CeUeHus IBOB, T.€. MUHUMHU3allUU 00beMa HAIJIABJIEHHOTO METalia.

Ucnons3yst ob6o3HaueHusi puc.3.9, mpousBeneM pacyeT CpPEeAHEro 3HAYCHUS

pacyeTHOM BBICOTHI 1BA /1.,=0,5(h;+h).

Jasiee ycTaHaBIMBAaKOT 3HAYEHHE BBICOTHI IIBA JJI Ka)KJOrO IIBA TaBPOBOTO
coenunenus. Ha puc 3.90 BUAHO, YTO MpU PaBEHCTBE /;= KaTeT IIBAa CO CTOPOHBI
tynoro yria K, 6omnbiie ueM co croponsl ocTporo K, 4To BeeT k HeONnTUMaIbHOMY

PacnnpcaciIiCHUIO HAIlJIaBJICHHOT'O MCTaJlJla.

I Iy
==\ —

e -

f 7 = b ¢ 60°min
[ I 5 i r
b - i r}}l

K, K %) Ky

Puc 3.9. Coequnenue, BeinmojHeHHOE 1Mo yrioMm: a — K1=Kj,; 6 — h;=h,.
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Ha ocHOBaHWW pemIeHWS ONTHMH3AIMOHHON 3aJa4dl MOXKHO IT0Ka3aTh, YTO
HaMMEHbBITNH 00bEeM HAIUIABICHHOTO METajljla COOTBETCTBYET CIICAYIOIIEMY COOTHO-
IIEHUIO 3HAUECHUN A, U h).

h, h
= hm T, 3.17
1+tg2% l+1g” 72

Jlanee, mnoJb3ysch BbpakeHueM 3.15, onmpenenstoT pa3Mep Karera IiBa, T.K.

Ha POMU3BOJICTBE OoJiee YA0OHO KOHTPOIUPOBaTh 3HaueHue K, yem h.
3.7. Pacuer coeJMHEHHUI1 C y4ETOM HaIpPaBJICHUS ICHCTBUS CUIIBI.

[IpounocTs MeTaNIA IPU PACTSKEHNHN, KOT/AA CUJIA MEPIICHANKYIISIPHA IIOCKO-
CTH pa3pyIUEHUs BBILLIE, YEM IIPU CPEe3€, KOT1a JEHCTBYIOMIAs CUIIA JIEXKUT B IIJIOCKO-
cty paspyuieHus. IIpounocts metaina Ha cpe3 oOblMHO He mpeBbimaer 60% ot
IIPOYHOCTH HaA pa3peIB. [I03TOMY pacuer yrioBeIX IIBOB Ha CPE3 B HEKOTOPBIX ClIyYa-
AX MOYKET MPUBOAUTH K U30BITOYHOMY 3amacy MPOYHOCTU. ITO MOKHO IPOUJLIIOCT-
pupoBartb Ha puc.3.10. byaem cunurtarh, 4TO CBapKa BBIIIOJIHEHA 0€3 IIyOOKOro mpo-
IUTABJIEHMS M IUIOCKOCTh MPEAIO0JIaraeMoro pa3pyueHus (pacueTHas IUIoLa/ib 1IBa)
COBIIaJIa€T C OMCCEKTOPHOM MIIOCKOCTRIO yTiIOoBOro 1iBa. Ecnu aeiicTByromas cuia N
HalpasJIeHa IMEPHEHIUKYISIPHO ATOW IIOCKOCTH, TO JIEHCTBYIOT HOPMAJIbHBIE Ha-
NPSDKEHUST M IPOYHOCTh COCAUHEHUS ONPEIEISAETCS IPOYHOCTHIO METajula IIBA HA
paspbiB (R, = R)). [lo-Mepe u3zmeHeHust yria HakjaoHa cuibl N B pacyeTHOM IIOCKO-
CTH BO3PACTAET BEJIWYMHA COCTABJSIOLIEH KacaTEJIbHbIX HAIPSDKEHWH, MU YIJIe
0=135° B 30He pa3pyuieHus OyayT AEHCTBOBATh TOJBKO KacaTelbHbIEC HAIPSKEHUS U
B KaU€CTBE PACYETHOI'O COIPOTHUBIICHUS METa/lIa IIBa HEOOXOUMO IPUHUMATH R, =
0,58R, (Tabn. 3.2). Kak MOXHO BUIETh, C U3MEHEHUEM HANpPAaBIICHUS ACHCTBYIOUIUX
CHWJI IIPOYHOCTB COEIMHEHMI C YIJIOBBIMU IIBAMU MOKET U3MEHATHCS, & YIPOLICHHBIN
pacyeT, YUYUTHIBAIOIIMI TOJBKO KacaTEJIbHbIC HANPSKEHUS MOXKET IPUBOJIHUTH K W3-

JMIIHEMY PacXoly HAIUIaBJIEHHOIO METAJIA.
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N =135

e

ZaN

[s3

Puc.3.10. I3MeHeHne HaNPSy)KEHHOTO COCTOSIHUS
B 3aBUCHMMOCTH OT HaIlPaBJIEHUS ACHUCTBYIOIIECH CUJIIbI

TeopeTnyeckne 1 SKCIEPUMEHTAIBHBIE UCCIEN0BAHUS, IPpOBeeHHbIe B MBTY
uMm. H.D. baymaHna, mo3BoJIMIM YCTaHOBUTh XapaKTep M3MEHEHHUs Hecylled crocoo-
HOCTH YTJIOBOI'O IIBA B 3aBUCHMMOCTH OT YIJIa HAaKJIOHA JEUCTBYIOLIEH CHUJIBI 110 OT-
HOILICHUIO IUIOCKOCTU paspyuieHus (puc. 3.11) um npennoxutb KOPPEKTUPYIOLIMIA

MHOXHUTENb (3.18), yuuThIBaIOIINIA HAalIpaBIEeHUE ACHUCTBUS CUJIBI.

[[] =C[c], s C= Co 3.18

\/sinz y+Clcos’y

I'ne: [t]o=135° - AOMyCcKaeMO€e HaIpsKeHHE (pacueTHOE COMTPOTUBIIEHNUE)

Z

N Mz
Nz ,/’b\_ /]
7 rd4
e e Ce
5 SRS / 1.8
. / M 15/’\
= -il,x /n
1'4-3"—\2 ) / ®
1.2 == e
1.0 ,
0 450 90" 1350 180

a o

Puc.3.11. Bausinue HanpaBieHUs: CUIIbI HA TPOYHOCTh YIJIOBOTO IIBA
1 — Pacuer no merony MBTYVY, 2 — pacuer no Bbipaxenuo 3.19.

7
Ananorununbie pabOThI OBUTH TOMyYeHBI B BenmnkoOpuTaHuu ', pe3ynbTaToM KO-
TOPBIX OBUIO BBIABHHYTO MPEIJIOKEHUE BBECTH B pacueTHBIC (OPMYJIBI KOPPEKTH-
pyromuii K03 GUIUEHT, Ha30BeM ero V,, 1o anamoruu ¢ Cy;

Vy =(140,5510"% 0) ..o 3.19.

7 Butler, L. and Kulak, G. “Strength of Fillet Welds as a function of Direction of Load, ”Welding Journal, Vol. 50, No.
5, 1971, The American Welding Society Research Supplement, pp. 231-s.
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I'ne ¢ yuerom nmpunsatoro orcuera yria Ha puc. 3.10 u 3.11 6 = (o -135°).

MOXHO BUAETH, 4TO 00a METOAA OTPAXKAIOT OJJUMHAKOBYIO TEHACHIIUIO U3MEHE-
HUSL KOPPEKTUPYIOLIETO0 MHOXKHUTENS, HO BhIpaxkeHue 3.19 maet Oonee KOHCEpBAaTHUB-
HBII pe3yNbTaT, O YEM FOBOPSIT CAMU aBTOPHI.

Koppektupyromuit MuoxkuTenb no Gopmyse 3.19 ucnosib3yeTcs B HEKOTOPHIX
HOPMATHMBHBIX JOKYMEHTAX 10 PacueTy CBAapHBIX METAUIOKOHCTPYKIMiL® . B KauecT-
BE€ IPUMEpPaA PACCMOTPUM pPE3YJIbTaThl pacyeTa HAXJIECTOUHBIX CBAPHBIX COEOUHEHUI
¢ ¢nanrossivu © (prc.3.12a) u 1060BbIME' ' (pHc.3.12a) YIIOBBIMH LIBAMH 1O CTaH-

napry, pekomenayemomy ANSI/AWS D1.1-98.

Ly

Puc.3.12. JIo6oBoii (a) u (raHroBsIil (0) MIBHI.
Bynem ucxomuths U3 paBeHcTBa IMH MIBOB. I1IBBI BBIMOIHEHBI PYyUHOUR Ayro-
BOUM CBapKOH AJIEKTpOJaMH, 00ECIIEUYNBAOIINE TapaHTUPOBAHHOE 3HAUCHUE Tpeeiia
TEKYy4ECTH HAIlJIaBJICHHOTO MeTajljla Ha ypoBHE Frxx = 480MIla. B cooTBeTCTBUU C
HopMamu ANSI/AWS D1.1-98 pacueTHOe cOnpoTUBIEHUE METaJljla 1IBa NP 3aJaH-
HOM HaNpaBJICHUH JICHCTBYIOMICH CHJIIBI TTO hopMyIIe:

Fyv=0.30 Fexx (1.0 + 0.50 sin'0) .............cooonn..e. 3.20.

Jliist mo6oBoro mBa 0 = 90°, mis dhaanroBoro mBa O = 0°, mmuHa mBa 0,1M, Ha-
rpy3ka N = 180KH.
JIJ1st IByX JTOOOBBIX IIIBOB:

conpoTtupieHue meramia msa — (Fy), = 0.30-480-1,5 = 216MI1a;

¥ BS 5950-1:2000 BpuTaHCKHii CTPOUTEIbHbIHA CTAHAAPT.

’ Crannapt Amepukanckoro capounoro obmectsa ANSI/AWS D1.1-98 — CapHble CTpOUTEIBHBIC KOHCTPYKIIHH.
Cramu. (ANSI/AWS D1.1-98 Structural Welding Code: Steel. AWS, 1998, pp. 8, 350-351).

' ®aHroBEIMK HA3BIBAIOT CBAPHBIE BB, IPOIOIBHAS OCh KOTOPHIX HATPABICHA BOJb JCHCTBHS CHIIBL.

' JTo6OBBIMU HA3BIBAIOT CBAPHBIE BB, POIOIBHAS OCh KOTOPBIX HAMPABIICHA B MOIEPEUHOM HAIPABJICHHH K HAIPAB-
JIEHUIO IEWCTBUS CUJIBL.
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KaTeT 1IBa —

c 180(K)
" 216(MIla)-2(wea)-0,1m(onuna)-0,707

=0,00589.(5,89.mm) npunumaem: K, =6mm

Jliist IByX (hJTaHTOBBIX IITBOB:
conportusieHue mMeramia msa — (Fy), = 0.30-480-1,0 = 144Ml1a;

KaTCT MIIBa —

‘. 180(Kn)
" 144(MTla) - 2(wea) - 0,1m(0nuna)- 0,707

=0,0088m (8,8 mm) npunumaem: K, =10mm

Kak BUJIHO pacueT HaxJeCTOYHOrO COEIMHEHHMS C JIOOOBBIMM IIBAMH UCIOJIb-
3oBanue HopM ANSI/AWS D1.1-98 mo3Bosisier yMeHbIIUTh 00bEM HAIIaBICHHOTO
MeTajuia B 2,8 pasa.

[Ipy mpOEKTHPOBAHMM HAXJIECTOYHBIX COCIMHEHUHN CIENYET YYUTHIBATH TOT
(axT, yTO JOOOBBIE IIBHI UMEIOT 3HAUUTEIBHO MEHBIIYIO OJATIUBOCTh, YeM (IIaH-
roeble. BenencrBue 3Toro B KOMOMHUPOBAHHBIX COEAMHEHUSAX, KOTIa HAKJIaAKa MpH-
BapeHa OJHOBPEMEHHO JTOOOBBIMU U (DIIAHTOBBIMH IIIBAMHU, HATPy3Ka pacHpeaessaeTcs
HEpaBHOMEPHO U JIOOOBBIE IIBHI OKAa3bIBAIOTCS OoJjiee HArpy>KeHHbIMH. B Takux co-
€AMHEHUSX PacCUUTHIBATh Ha 00Jiee BBHICOKYIO MPOYHOCTH JIOOOBBIX IIBOB PUCKOBAH-
HO, JIy4Illeé UCXOJUTh U3 MPEANOI0KEHHS, YTO OHU TakKe, KaKk U (piaHroBele pado-
TarOT TOJIBKO Ha Cpe3.

B o0uiem cinyyae npu Harpy>K€HUU CBapHOIO COEIMHEHHUS C YTIOBBIMU IIBAMU
B PAaCYETHOM CEYEHUHU BO3ZHUKACT CIIOKHOE HAIIPSIKEHHOE COCTOSHME U I OIpese-
JICHUS] BEJIIMYMHBI JKBUBAJICHTHBIX HANPSIKCHUHA, KOTOPBIE MOXHO COIIOCTaBIATH C
XapaKTepUCTUKAMH ITPOYHOCTH METaJlIa IIBA, IOJyYaeMble IPU HCIIBITAHWM HA OJI-
HOOCHOE pacTsKEHHE, HEOOXOAMMO MOJIb30BaThCSI OAHOM TeopUs (KpUTEPUEB) MPOU-
HOCTHU. COIIacHO 3TOM TEOPUU ITPOYHOCTH OMACHOE COCTOSIHUE MaTeEpHUaia MpH CII0XK-
HOM HANpPsDKEHHOM COCTOSIHMM HACTyIlaeT TOrJa, KOrja yaernbHas NOTCHUMAJIbHAs
SHEpPrusi U3MeHEeHUs (OPMbI JOCTUTAET BEIMUYMHBI, COOTBETCTBYIOLIEH INpeaeny Te-

Ky4eCTH Ipu pocToM pactsbkeruu (IV Teopus npodyHocTn).
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B cootBercTBHE C 3TOM TEOPHUEN KOMIIOHEHTHI I10JIS HAIIPSIKEHUN, TEUCTBYIO-
IIME€ B PACUCTHOU IUUIOCKOCTH CEYECHUS, 3aMEHAIOT BEJIMYMHOW JKBUBAJICHTHOI'O Ha-

IMPSKCHHUA Ookp, KOTOPOC IIOACUYHUTBIBAIOT KAK!

O, =%\/(0'x —Jy)z +(O'x —02)2 +(<7y —O'Z)Z +6(z'fy +72 +T§Z)S c,.. 321.

[Tonp3ysick 3TOM TeOopHUer HPOYHOCTH MeXIyHapOAHBIM HHCTUTYT CBAapKHU
(ITW) mpenioxxun MeToj pacuera CBApHBIX COCJUHEHUMN C YIJIOBBIMU IIBaAMU, YUH-

TBIBaIOIlII/Iﬁ CJIOKHOC HAIPSKCHHOC COCTOSIHUC B PACUHCTHOM CCUCHHU miBa

(puc.3.13).

\ P/ ig&
N
oy |
P’ 4
7

Puc.3.13. CnoxxHoe HanpsipKEHHOE COCTOSIHME B paCYETHOM CEUYEHUH I1IBA.
B ocHoBe pacyera yrinoBsiX mBOB 110 MeToAy [IW nexut cnenyromee ypaBHe-
HUE, IOJIy4eHHOE U3 Kputepus [V Teopun npodyHOCTH, HO NPUHUMAIOT B PACUET JCH-

CTBHC TOJIBKO OHHOﬁ KOMITOHCHTBI HOPMAJIbHBIX H&Hpﬂ)KCHHﬁ:

[]=nyo? +3(c2 +72) oo 3.22.

HanpsiokeHHOE COCTOSIHME XapaKTEPU3YIOT TPEeMsl COCTaBJISIOMIMM (HOpMailb-
HOE HaIpsDKEHHWE M JBE COCTaBIISIIOIIME KacaTelbHOro HampsbkeHus). Puc. 3.13. mo-
scHsieT 0003HaueHus. JIeBas 4acTh ypaBHEHUS BBIPAKAET PACUCTHOE COMPOTHBIICHHUE
MeTaJlla IIBa pa3pylICHUIO, BHIPAXKEHHOE B JAHHOM CJIydae B BHUJIE JIOIYCKAaE€MbIX
HaIPSDKCHUH MpH 0JHOOCHOM HarpyxeHun. KoaddumueHt n sBiasercs smnupude-
CKMM M 3aBUCUT OT YPOBHS TIIipefiesia TekydecTh wmertaimna mBa: M=0,7 mnpu
cp=240MIIa; n=0,85 npu c(,=390MllIa; n=1,0 npu c»,=420MIla. Kak BuiHO Benu-

YWHa €ro MOBBIIACTCA € YBCIMYCHHUCM IIPOYHOCTH MCTAJJIa IBA.
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Meron IIW Bomien B €BpONICUCKHE M MEXAyHAapOAHbIE HOPMATUBHBIE IOKY-
MEHTBI, U IIUPOKO HCHOJIB3YIOTCA B MHUPOBOM IpakTuke. Hampumep, eBponenckui
12 .

cranaapt EN 1993 °° ywactu 1-8 pekoMeHayeT INpu pacyeTe CBAPHBIX COEAUHEHUU

CTAJIbHBIX MCTATJIMYCCKUX KOHCTPYKHI/II;’I HUCIIOJIB30BAaTh CJ'ICI[YIOI]_[I/Iﬁ MECTOA:

\/[c7i+3(z'i+ri)JSL u GLSL ........................ 3.23.

4% V2
['ne f, — HOMUHANBHOE 3HAUCHUE TIPe/eNia MPOYHOCTH OCHOBHOTO MaTepuara,
HauMEHee MPOYHON U3 COCMUHSAEMBIX JeTaneil; By, — KOPPEKTUPYIOMINA MHOXHUTENb,
3aBUCSIIMN OT MPOYHOCTH OCHOBHOTO Marepuana Ha pacTsbkerue (Tabn. 3.4); Yo
=1,25 — ko3 dunmeHT 3amaca NPOYHOCTH.

Taomuna 3.4.

3nauenue ko3pdpuuuenta By,
B 3aBUCHMOCTH OT MPOYHOCTH KOHCTPYKLIMOHHOTO MaTepuasna™®

CTaHoapT v Mapka ctanu Koadduument koppenaumm B3,
EN 10025 EN 10210 EN 10219
5235
S 235 W S235H S235H 0.8
5275 S275H
S 275 N/NL 5 2?3&?_&'_'_' S 275 NH/NLH 0,85
5275 M/ML 5 275 MH/MLH
S 3565
S 355 H
5 355 N/NL 5355 H
S 355 MIML S 355 NH/NLH S e 0.9
S5 356W
5 420 N/NL .
S 420 M/ML S 420 MH/MLH 1,0
S 460 N/NL
S 460 M/ML S 460 NH/NLH S e 1,0
S 460 Q/QL/ALT

* B eBpornelckux cTaHnaprax, IpuBeACHHBIX B Ta01.3.4, udpa, ciaenyromas mocie CiMBoa S,
0003HaYaeT 3HAUYEHHE Tpe/ieNa TeKyUYeCTH KOHCTPYKIMOHHOTro MaTepraia B MIla nanHoi rpymnmst
craneil. Cienyer UMeTh B BUY, YTO TapaHTUPOBAHHbIC 3HAYCHHUS TIpeieia TEKYYECTH 3aBHCAT OT
TOJIIIMHBI METAJJIA U C €€ YBEITMYCHUEM CHIDKAIOTCSI.

Cranpapt npeaycMaTpuBacT NPUMEHEHHUE YIIPOIIEHHOTO METOJa pacyeTa, Ko-
/12 YYUTBIBAIOT TOJIBKO JIEMCTBHE KACATEIbHBIX HAIPSDKEHUI, a MPUCYTCTBUE JPYTUX
KOMIIOHEHTOB UTHOPHUPYIOT, HO B 3TOM CJIy4ac B Ka4€CTBE PACUETHOIO CONPOTHUBIIE-

HUA IIPUHUMAIOT BCIIMUYUAY IPCAciia MPOYHOCTU MCTAJlJIa IBAa HAa PACTAXKCHHC.

2 EN 1993 — 1-8. [IpoeKTHpPOBaHHE CTANBHBIX KOHCTPYKIHi. [IpOeKTHPOBAHHE COCIMHCHHIA.
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3.8. Pacuer TAaBPOBBIX COCﬂHHCHHﬁ, BBIIIOJIHCHHBIX C pa3z:em<0171 KPOMOK.

B Tex ciydasx, Koraa pacdeTHbI pa3Mep IIBa NPEBOCXOANUT 14MM, peKOMEH-
JyE€TCSl BBIITIOJIHATH TABPOBBIE COCAMHEHUS C Pa3JEIKOW KPOMOK C IOJHBIM WIH 4Yac-
TUYHBIM IIporiaBiaeHueM (puc. 3.14). Kpome Toro, no cpaBHEHHIO ¢ COEIMHEHUSIMM,
BBINIOJIHEHHBIMU 0€3 pa3felku KPOMOK, COEIMHEHUS, BBIIOJHEHHBIE C pa3JeiKon
KPOMOK, CO3/al0T B KOPHE IIBa 3HAYUTEJIBHO MEHBUIYI0 KOHILICHTPALMIO HampsiKe-
HUM.

Pacuer Takux coennHeHni nMeeT HeKoTopsle oTiinuus. Ha puc. 3.14 nokazansl
TPU XapaKTEPHBIX KOHCTPYKLHH, HA KOTOPBIX BBIACICHBI IMYHKTUPHBIMHU JIMHUSIMU

pacyeTHbIC CEYCHHS M 0003HAYEHBI MApaMETPhl, IPUHUMAEMBIE B pacyerT.

N

Puc. 3.14. Pa3HOBMIHOCTH TaBPOBBIX COCAMHEHHUM C PA3IAEIKON KPOMOK:
a — C pa3eyIKo¥ KPOMOK IT0J] IPOU3BOJIBHBIM YTJIOM;
0 — ¢ yIJIoM cKoca KpoMKU 45°; B — € MOJTHBIM MPOILIABICHUEM.

CBapHbI€ COCIMHEHHS ¢ YACTUYHBIM MPOIJIABICHUEM KPOMOK PACCUUTHIBAIOT
Ha cpe3 Mo MeTajuly IBa Win rpanuilsl 30HbI ciuiapienus. CHull 11-23-81 B kauect-
BE€ pACuETHOrO0 IapaMeTpa PEKOMEHAYET NPUHUMATh KATEeT yria pa3leliKu «ay
(puc.3.140). BrnosiHe 04eBHUIHO, YTO MPOYHOCTh COSTMHEHUS HE MOXKET OOJIbIIIE, YeM

IMPOYHOCTD II0 30HC 1, IIO3TOMY B AOIIOJIHCHHC H€O6XOI[I/IMO OOCHUTH IIPOYHOCTHL H
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. 1
stoii 30mbl. CHuIT 11-23-81" pexomenayeT cieayromue pacdeTHbie hOPMYIbl I
pacuera TaBpOBBIX COCIMHEHUN C PA3JI€IIKON KPOMOK:

Mo MCTAJIJTY IIBa —

) 3.24;
2,601, ~ VM ’
IO MCTAJIITY T'paHUIbI CILIABJICHUA
N
O 3.25
2,8, e ’

rae h - rmyOuHa pa3zienku KpoMOK, 3HAaU€HHsI KOTOPOU ClielyeT MPUHUMATh CO-
[VIACHO COOTBETCTBYIOIEMY CTaHAApTy Ha OCHOBHBIE THUIIbI, KOHCTPYKTHUBHBIE 3J€-
MEHTBI U pa3Mepbl CBApHBIX COCUHEHMH; 1, - pacueTHas JUIMHA 11Ba, paBHAasi IOJHOU
€ro JUIMHE, YMEHbUIEHHON Ha BEJIMYMHY, PAaBHYIO TOJIIIMHE CTEHKH t, WJIM [TOJHOU €ro
JUIMHE B CJIy4ae BbIBOJA KOHIOB I1IBa 3a IIPEIEIbI CTHIKA.

B popmynax (3.24) u (3.25) yureHo Hanuuue ABYX IIBOB B COEAMHEHUHU.

EBponetickuii crangapt EN 1993-1-8 pekoMeHayeT pacuer CBapHbIX COEIUHE-
HUI C YaCTUYHOM pa3fiesIkoi KPOMOK IPOBOJUTH TaK K€, KaK U COETUHEHUH 0e3 pas3-
JIEJIKM KPOMOK, HCIIOJIb3YSl B KQUE€CTBE PACUETHOI'O IMapaMeTpa BbICOTY BIIMCAHHOTO B
CEYEHME 1B TPEYTOJIbHUKA.

JUis coeAMHEHUI C MOJHBIM IPOIJIABJIEHUEM PACUET BBIMOJHAIOT IO Ceue-
HUIO1, UCMONB3ysl XapaKTEPUCTUKU MPOYHOCTH OCHOBHOT'O METajula, IPHU 3TOM CBa-
pOUYHBIE MaTEpUabl JOKHBI COOTBETCTBOBATH 10 POYHOCTH OCHOBHOMY METaLTy.

B Tom ciydae, korja TaBpoBO€ COEIMHEHHUE C HEMOJIHBIM MPOIUIABJICHUE YCHU-
JIEHO JIOIIOJIHUTENIBHO HAIIABKOM YTJIOBBIX IIBOB, PAcYET MPOU3BOLIAT 110 CEYEHUIO 2

(puc.3.14a), npuHuMas B Ka4eCTBE pacYETHOM BBICOTHI 11BA pa3mep h.

3.9.Pacuer TaBpOBBIX COCTMHEHUI
C YYETOM BO3MOKHOT'O PACCIOCHHSI OCHOBHOTO METala.

TaBpOBLIe COCIUHCHUA C J000BBIMU YIJIOBBIMH IIBaAMH, HaFPY)KGHHBIﬁ pacTi-

FHBEIIOI]_Ieﬁ CHJIOM 1O ABYM CCUCHUAM, CICAYCT AOIIOJHHUTCIIBHO PACCUMUTLIBATHL Ha

" Tocobue 1o pacuery H KOHCTPYHPOBAHHIO CBAPHBIX COSAMHEHUH CTATBHBIX KOHCTPYKIHit (K riase CHull 11-23-81).
Yrepxneno npukazom [THUWCK num. Kygepernko ot 28.11.83 Ne 372/m.
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pacTsHKEHUE TI0 OCHOBHOMY METaJ/UTy B CEUEHUH, TICPIICHIUKYJIIPHOM HAMPAaBIICHUIO
nercTBus cuisl (puc. 3.6, ceuenue 4).

Takoit pacuer 0COOEHHO Ba)KHO MPOU3BOAMUTH JJIsi KOHCTPYKIUN C TOJNIIUHON
6onee 20MM U3 HU3KOYTICPOAUCTHIX CTAICH HEJOCTATOYHO XOPOIIO OYUIICHHBIX OT
BPEAHBIX NMPUMECEH, TIIaBHBIM 00pa30M, CEphI MPU MPOU3BOJICTBE METAIA, JIJIsl TOTO
9TOOBI UCKITIOYUTH TOSIBIICHUE CIOMCTOTO pa3pyIlIeHUs! B MPOIECCe CBApKH U MOCTe-
TYIOIIEH SKCIUTyaTallid KOHCTPYKIMU. B maHHOM pasmene HEOOXOAMMO OTMETHTH,
YTO JIETKOIUIABKUE BPEAHBIC MPUMECH IIPH MPOU3BOJICTBE MPOKaTa MPEBPAIAIOTCS B
TOHKHE TUICHKH, PACIOJIO0KCHHBIE B TUIOCKOCTH JIUCTA, YTO 3HAYUTEIHHO CHIDKACT
MPOYHOCTh METAJIJIa TIPU MPUIIOKEHUN CUIIBI IEPIIEHANKYIISIPHO €r0 TOBEPXHOCTH.

[IpouHOCTh MeTaJIa B 3TOM HaNpaBJICHUH TMOJIy4YnsIa Ha3BaHHE «IIPOYHOCTH B
HaIPABJICHUU 2.

[IpoOnemMbl KOHCTPYUPOBAHUS CBAPHBIX COCAMHEHHM C YYETOM MPEIOTBpAIlle-
HUS CIOMCTBIX pa3pylIeHUH OyIyT pacCMOTPEHBI HIKE B pasiieiie, OTHOCSIIEMCS K
XPYIKOMY pa3pyIieHHIO.

PaccMoTpuM MeTO/bI pacdyeTa TaBpOBBIX COCIMHEHUN C YUYETOM BO3MOKHOCTH

paspylieHus B HanpasiieHud Z (puc.3.15).

Puc.3.15. 30HbI BO3MOKHOIO pacCiIOEHNUs.

B coenunenun ¢ ABYXCTOPOHHHMM IIBOM 0€3 pa3ienku KpoMmok (puc. 3.151)

pacyer Mo Ce4YeHUIo 4 cieayeT MPOU3BOIUTH IO (hopmyiie
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B COCIMHEHUU C ABYXCTOPOHHUM IIBOM U K-00pa3HOMU pa3enKoil KpOMOK pac-
YeT 10 CEYCHUIO 4 ClieyeT MPON3BOIUTH IO PopMyIam:

IIPU MOJHOM MPOBApe MPUKPEILIIEMOro daemMeHTa (puc. 3.158)

SR Y e 3.27,
1,311, L

IIPY YaCTUYHOM MPOBape NpUKpemiieMoro 3nemenTa (puc. 3.150)

<R
[2(n+0,15¢)1 ]

B COCIMHEHUWU C OJHOCTOPOHHUM IIBOM M PA3JAEIKOM KPOMOK IPU ITOJTHOM

mpoBape MpukperuisieMoro snementa (puc. 3.15a) pacuer mo cedeHuro 4 cieayer

IPOU3BOINTH 1O (HOpPMyJIe

) O 3.29.
1’1 Sﬂw th}/c

B dopmymnax 3.26 ... 3.29: |, - nuHA mBa, TpUHUMAaeMas paBHOKM €ro IMOJTHOM
JUIMHE; t - TOJIIMHA NPUKPEIUIAEMOro 3JeMeHTa; h - rmyOuHa pa3nenku KpoMokK; Ry, -
pacyeTHOE CONPOTHUBJIICHUE PACTSIKEHUIO B HANPABJICHHM TOJILIMHBI MPOKATa, KOTO-
poe caenyetr npuHuMarth Ry, = 0,5 R,.

CHulI I1I-23-81 monmyckaer He IPOU3BOAUTH PACYET COEAUHEHNUN 110 CEYEHHUIO 4
B CJIEAYIOLIUX CIIydasix:

B coennHeHusX ¢ IByXCTOPOHHUM YTJIOBBIM ILIBOM 0€3 pa3/ieiKu KPOMOK (pHC.
3.15r), a Takke ¢ pa3AesIKOl KPOMOK M YaCTUYHBIM IIPOBAPOM MPHUKPEIUISIEMOTO 3J1e-
MeHTa (puc.3.150), mpu yCJIOBHH, YTO IMpeJeia MPOYHOCTH OCHOBHOTO MeTajlia IpH-
BApUBAEMOTO JIEMEHTA MEHBIIE WUJIN PABEH MPEAETY POYHOCTH BTOPOTO JJIEMEHTA.

B coeamHeHMsIX ¢ IBYXCTOPOHHUM YTJIOBBIM IIBOM U k-00pasHO pazmenkoi
KpoMOK (puc. 3.15B) — mpu ycCJIOBHM, YTO Ipenead TEKYyYeCTH OCHOBHOIO MeTasula
IIPUBAPUBAEMOT0 dJIEMEHTA HE IpeBbIIAET 65% mpenena TEKy4ecTd BTOPOTO dJe-
MEHTA.

Huxe OynyT paccMOTpeHbl HEKOTOpPbIE TEXHOJOTMYECKHE M KOHCTPYKTHUBHBIE

IIPUEMBI YMEHBIIECHHS PUCKA CIOUCTBIX Pa3pyILICHNAMN.
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3.10. Texnonmornueckrne OrpaHMYEHUSI MUHUMAJIBHOTO pa3Mepa KaTeTa 1IBa.

B HEKOTOPBIX KOHCTPYKLIMS CBApHBIC IIBbI MOT'YT HE II€PEAABATh HArPy3Ky OT
OJIHOM JIE€TaJIA K APYTOM M CIIy>KaT TOJBKO JUIsl UX OOBEAMHEHUS B KOHCTpYKLHIO. Ta-
KM€ BBl HA3bIBAIOT «CBA3YIOLIMMU» U PACUET pasMmepa IIBa HE IPOU3BOIAT, a IIPU-
HUMAIOT UCXOJS U3 TEXHOJIOTMYECKUX COOOPaKEHHM. DTUX COOOPAKEHUI HECKOJIb-
KO.

Bo-nepBbIX, cBapHble COEIUHEHUS JOJDKHBI 00€CIeUnBaTh LEIOCTHOCTh KOH-
CTPYKLHH BO BpEMs TPAHCIIOPTUPOBKH U MOHTAXa, KOI/Aa BO3MOXHO IOSBJICHUE Ha-
I'PY30K Ha CBS3YIOILKE ILIBBI.

Bo-BTOpBIX, Kak OyJeT MOKa3aHO HUXKE, NPU CBApPKE BO3HUKAIOT CBAPOUHBIC
HaIIPSDKEHMs], KOTOPbIE, TAKKE€ MOTYT NPUBOAUTH K IOSBICHUIO CHJI B CBS3YIOLIMX
1IBaXx.

B-tpetbux, u 310, MOXKaMYy, camas Ba)kHas MPUYKHA, [0 KOTOPOU TpeOyeTcs
OTpaHUYEHNE MUHUMAJIBHOTO 3HAUEHHUs KaTeTa IIBa, OOYCJOBIEHA TEPMHUYECKUM
BO3/EMCTBHEM CBapKH Ha OCHOBHOW MeTasul. JTa MpoliieMa BO3HHUKAET IPU MPOEK-
TUPOBAHUM KOHCTPYKUMU W3 HHU3KOJETMPOBAHHBIX CTAJIEH, IPUYEM C YBEIMUYCHHEM
COJIEpKaHusl yIiiepo/ia U JIETHPYIOIIMX 3JIEMEHTOB OHA 000CTpsIeTCs.

[Ipu BBINOJIHEHUHU IIBOM C MaJIbIM KaT€TOM Ha METaJieé OTHOCUTEIbHO 0OJib-
IO TOJILMHBI B 30HE TEPMUYECKOTO BIHUSHUSA MOTYT MOSIBIATHCS XPYIKUE 3aKan04-
HBIC CTPYKTYpPBI BCJICACTBUE OTHOCUTEIIBHO MAJION IIOTOHHOW DHEPIUM IIPU CBAPKE U
BBICOKOM CKOPOCTH OTBOJA TEIJIa B METaJT 00JIbIION ToMUMHBL. B coueranuu ¢ npy-
UMM HEOJAronpusITHBIMU (PaKTOpaMH 3TO MOKET BBI3BATh MOSBICHHUE XOJIOIHBIX
TpewuH. [pyrum (akTopoM SBISETCS TO, YTO IIBBI MaJOr0 KaTeTa BBIMOJIHSIOT,
00BIYHO, Ha OOJBIIONH CKOPOCTH, YTO COMPOBOKIACTCS HEOMArOMPHUITHONW CXEMOMH
KPUCTAJUIM3AIMH, U B ClIy4yae U30BITOUHOTO MPUCYTCTBUS BPEIHBIX MpPUMECEH B Me-
TajJie 1IBa MOTyT 00pa3oBbIBAaThCs Tropsiuve TpewuHbl. M3-3a onacHoctu 00pa3oBa-
HUS XOJOJHBIX TPEUIUH OIPAHUYMBAIOT MUHMMAJIbHOE 3HAYEHUE pa3Mepa Karera Ipu

CBApPKC HU3KOJICTUPOBAHHBIX crajeu. M3-3a omacHoOCTH 06p8,30BaHI/I$I ropsAa4ux TpcC-
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IIMH OIPAHUYMBAIOT MUHUMAJIbHOE 3HAUEHUE pa3Mepa KaTeTa IPU CBapKe MajoyrJe-
POJIUCTBIX CTAJICH.

B HOpMAaTHBHBIX JTOKYMEHTax, KaKk IPaBWIO, MUHUMAJIbHO JOIYCTUMBIN pa3-
Mep KaTeTa IIBa 3aBUCUT OT TOJIIIMHBI 00Jiee TOJICTON CBapUBAEMOM JETAIH U YPOBHS
IIPOYHOCTHA KOHCTPYKLIMOHHOM CTaJIH.

B tabmune 3.5 npuBenensl pekomennauun CHull 11-23-81 nmo onpenenenuto
MUHUMAJIBHOTO 3HAYEHMs KaTeTa IlBa MPU CBAPKE B CTPOMUTENILCTBE. AHAJIOTUYHBIC
OrpaHUYCHMS CYIIECTBYIOT IPAKTUYECKH BO BCEX POCCUHCKUX M MEXITYHapOIHBIX

AOKYMCHTAx, IMpU4YeM PCKOMCHAYCMBIC B HUX 3HAYCHHA JOCTATOYHO ONMu3KU MCKIOY

co0o0ii.
Tabmuna 3.5

MuHuManbeHbIE 3HaYEHUs KaTeTa yriaoBoro 1Ba, pekoMenayemoe CHull 11-23-81

Ipenen TexydecTu Tosmuuaa HanboJiee TOJICTOro dJIEMEHTA, MM
matepuana, MIIA 6-10 | 11-16 | 17-32 | 23-32 | 33-40

225 -275 4 4 5 5 6

310 -390 4 5 6 7 8

410 - 440 5 6 7 8 9

Hampumep, na puc. 3.16 ans cpaBHeHuUs NpeAcTaBieH Tpaduk, HA KOTOPOM

U300paKEHbI OTpaHUYEHMs] HAa pa3Mep MUHUMAJIBHOIO KaTreTra 1o HopMam Amepu-

KaHCKoro csapouyHoro oodmecrtsa u no CHull I1-23-81.

MyHIIMAIBHBLI PAtMep KATeTa IEA

K AWS; CHulT 2-23-81
12 LLLLLLLLQ
10 * ¥
§ g AWS CHull 2-23-81
&

e
4
]

10

S0

100

TomgmHa MeTaIUIa, MM

150

Puc.3.16. PGKOMCH,HYGMOC MUHUMAJIBHOC 3HAYCHHUC KAaTCTa YIJIOBOI'O IIBa
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Hewmeukue crpoutensubie HOpMbl DIN 18000 pexoMeHAYIOT clieyronme 3Ha-
YEHUS:
K. . > 1,41(@—0,5) npu & <30mm; K_. =Tmm npu 8. >30mm....3.30.
JlaHHOM peKOMeHJAaluu CIIeyeT PyKOBOJCTBOBAThCA HE TOJIBKO MPU OIpEJIe-
JICHUM pa3Mepa CBS3YIOIIMX IIBOB, HO U B T€X CIIy4asX, KOrJia pacyeTHOE 3HAUCHHE
OKa3bIBAa€TCA MEHbIIIE MUHUMAJIbHOrO. B mocienHem ciaydae peKOMEHIyeTcs HC-
M0JIb30BaTh MPEPHIBUCTHIC LIBBI, pacrojaras ux B LEMHOM, a JIyYllle B IaXMaTHOM
HOpsIIKE.
PexomMeHauy 1o MpPOEKTUPOBAHUIO COEAUHEHHUN C MPEPHIBUCTHIMHU IIBAMU

OyIyT laHbl HIKE.
3.11. Pacuer 351eMEHTOB CBapHBIX KOHCTPYKIIMI C YTJIOBBIMU LIBAMM.

3.11.1. CoenuHenUs € yIIIOBBIMM IIBAMHU,
HarpyXeHHbIE MMPOJIOIbHON CHUJION B INIOCKOCTH COEIUHEHHS.

Takue coenunenus (puc.3.17) BCTpeuyarOTCsi 4aCTO MPU MPOEKTUPOBAHUU Y3-
70B (epM, KOJIOH, Ui COeAMHEHHUS 3JIEMEHTOB KOHCTPYKIIMM HakJIagkaMu u jip. Ha-
XJIECTOYHBIE COEAMHEHMSI BBINOIHIIOT (DIAHTOBBIMM IIBAMU U KOMOMHUPOBAHHBIMU
(ranroBele BIOJIb HAKIIAJIKK U JIOOOBBIE B MONEPEYHOM HampasiieHun). MHoraa no-
NOJIHUTEIBHO HAKJIAJKH IPUBAPUBAIOT IPOILIAaBHBIMHU UM NPope3HbiMU mBaMu. Co-
€AMHEHUS] CTPEMSATCA IPOEKTUPOBATH TaK, YTOOBI MPOYHOCTH IIBOB COOTBETCTBOBAJIA
IIPOYHOCTH IONEPEYHOI0 CEYEHHsI TOTO 3JEMEHTA, KOTOPbI MPUBAPUBAIOT 3TUMH
IIBaMHM, T.€. HEOOXOJMMO CTPEMUTCS K JOCTMKEHHUIO PaBEHCTBA IIPOYHOCTH IIIBOB U

IIPUBAPUBAEMBIX 3JIEMEHTOB.
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Puc. 3.17. HaxnecTounble coeuuenus ¢ (pIaHTOBBIMU IIIBAMH.

N ¢nanrossie U J1000BBIE IIBA PACCUMTHIBAIOT HA JCHCTBUE TOJBKO KacaTelb-
HbIX HanpspkeHuM. [10CKOJIbKY pacueT BBIMOJHSAK B YIPYTrol o0iacT, mpeamnosara-
€TCs BO3MOXXHOCTb IPUMEHEHHUsI NPUHLMIA aJJICTUBHOCTH, T.€. BO3MOXKHOCTH CJIO-
KEHUSI CUJI, OTJACJIBHO JACHUCTBYIOIIMX B KaXJIOM IIBE. DTO MPUHLMI UCIOJIb3YETCA
TOJBKO B TOM CIIy4ae, KOrja MEeTaul IIBOB U OCHOBHOW METAJI HATPYKEH HE BBIIIE
Ipeaeia TEKy4eCTH.

[TpoBepky mpOBOJAT MO ABYM BO3MOXHBIM INIOCKACTSM Pa3pyLICHUS — 10 Me-
TaJUTy IIBa ¥ TI0 METAJUTy TpaHHIlbl criaBieHus. [Ipu pacuere HEoOXO0AUMO yUHTHI-
BaTh PACIOJIOKEHUE IIBOB MO OTHOLIEHUIO K OCH LIEHTPOB TSYKECTH CEUEHMI MpUBa-
PHBAEMOTO IJIIEMEHTA.

B o6miem Buze ypaBHEHNE PAaBHOBECHS BBITIISIUT CISAYIOIIUM 00pa3oM:

P+P =0 Lw1K1[7]1+Lw2[T]2=0 331

Ml + M2 — 0 LWIKI el [T]l + LM72K262 [T]z — 0 DDDDDDDDDDDDDDDDD . .

[r]:min{kwMW } ..................................... 3.32.
sz]/wzﬂ'c

Nupexcom 1 ormeueHo Bce, 4To oTHOCUTCA K IBY Nel; nHaekcom 2 — Kk mBy No2.

B nmpaktrueckux pacyeTax 4acTo MOCTyHaroT mpoie. Eciu ais Bcex 1BOB UC-
MO0JIb30BAaTh OJMHAKOBBIE CBAPOYHBIE MaTepHaNIbl U MPUHSITH MO KOHCTPYKTUBHBIM
coo0OpakeHUsIM OJMHAKOBBIC 3HAUYCHUS KaTeTa ImBa (0OBIYHO €ro Ha3HA4Yar0T PaBHBIM
TOJIIIMHBI METAIa 32 MUHYCOM BEJIMYHMHBI Pajyca TaITEIU CEUCHUs MPUKpPEIIse-
MOTO 3JIEMEHTa, €CJIM OHa MMeeTCs). 3aTeM IOJCYUTHIBAIOT pa3Mep OOIIeH JTHHBI

ImBa, O6€CH€‘{I/IB8.I'OHICI“0 3aJaHHYIO HCCYITYIO CITOCOOHOCTH 110 YPaBHCHUIO:
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Ly=L, +L +qu2 =—

bl

Janee, nonb3ysicb NPUHIMIIOM aAJeTUBHOCTH, AeNAT Ly, cienyromum oOpa-
30M: BHayaJle BBIYUTAIO JUIMHY JOOOBOIO (WM ABYX JIOOOBBIX, CEJIM OHM IPETYyCMOT-
pensbl) mBa. JuHy 1000BOr0O 1IBa NPUHUMAKOT PAaBHOM IIMpUHE Hakjaagku. OcTas-
IICIOCS] YaCTh PacueTHOM IJIMHBI, AENAT MEXAy (DJIaHrOBBIMH IIBAMU OOpaTHO MpO-
MOPIIMOHAIIBHO MX PACCTOSIHUIO OT Ocu 3JieMeHTa (puc 3.170) mns Toro, 4ToObl BbI-
MOJIHUTH ycaoBue > M=0.

_(Ly =L, =De,

€

Ly

3HaYeHUs € U €, MOXKHO HAWTH B CIIPABOYHUKAX F€OMETPUUYECKUX XapaKTEpH-
cTuK npoduis npokata. jis paHononoyHsix yroiakoB e; = 0,3, e; =0,7. B nensx co-
KpalieHus JUIMHBI mBa L; MOKHO yBETUYHUTH pa3Mep KaTeTa IIBa CO CTOPOHBI 00yIII-

ka yrosika B 1,1..1,25 paza. PacueT npu 3TOM yCln0KHAETCA HE3HAYNUTEIBHO.

3.11.2. PacueT HaXJICCTOYHBIX COCIUHCHUM,
Harpy>k€HHbIX MOMEHTOM B TJIOCKOCTH COCAUHEHMUS.

B npakTuke mpOeKTUpPOBAHUSI TAKUX COCAMHEHUN HAILIM PacHpOCTpaHEHUE
TPU METOJIa: METO/]] paCUJICHEHHs JIEUCTBYIOIMX CUJI Ha cocTaBistomue (puc.3.18a);
METOJ] 0CEBOro MoMeHTa uHepuuu (puc.3.180) u MeTos MoJsIPHOrO MOMEHTa UHEp-

uu (puc.318B).
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Puc.3.18. Cxema pacyeTa: a — METOJl paCUJIMHEHHUSI CWJI pa COCTaBIIAIONIUE; O — METO
MOJISIPHOTO MOMEHTA UHEPIIMH; B — METO/I MOJIIPHOI'0 MOMEHTA UHEPIUHUIO.

IlepBeiii MeTOA IpearoaraeT, ACHCTBYIOIYMY Ha COCAUHEHU MOMEHTY IIPO-

TI/IBOI[eI\/IICTBYIOT MOMCHTBI CHJI, BOBHUKAOIIME B PACYHCTHOM CCUHCHHH KAKJ0OI'0O IIBA:

M=M+ Mg i 3.35

M, = P(h + K) = BKLTUOHK); oo, 3.36
2

M6=Wr=ﬂK6h e 3.37

Kom6unupyst 3.35 — 3.37 MOXXHO MOJYy4YUTh YPOBHEHHUE MPOYHOCTH CBAPHOTO

COCAMHCHUA 110 METOAY PACHIMHCHHA CCJI HAa COCTABJIAIOIIHC:!

r= ﬂK{L(th)Jﬂ <le] e, 3.38

PaccmatpuBs MeTOZT OCEBOrO MOMEHTa WHEPIIMH, BBIIETUM Ha KOHTYype IIIBa
(puc.3.180) muomaky B pacueTHOM cedyeHuu mBa pazmepom dF Ha paccrosHum y ot
ocu X — X. Cuia dT = tdF, Bo3HuKaro1as Ha 3TOH IUIOMIaAKe co31aeT MOMeHT dM =
ydT = ytdF. IIpocymmupyem snemMeHTapHble MOMEHTBI, IEUCTBYIOIINUE BJIOJIb KOHTY-
pa mBa. Ecnu npuHATH yclioBUe, YTO HAIpPSKEHUE T, IEUCTBYIOIIEE B IIBE MPOMOP-
[IUOHAIBHO PACCTOSIHUIO OT OCH X — X U BBIHECTH KO3 PUIIMEHT PONOPIHOHATIBHO-
CTH T; 3a 3HaK HMHTErpaia, TO MOXXHO BHJETh, YTO 3HAUCHHE MHTETpajia BhIpaKaeT

OCEBOM MOMEHT HHCPIHH CCUCHHA CJICA IIIBOB Jx = IyzdF .
F

M:J.deF; RPUMUM T =T y; :>M:T1J.y2dF .................. 3.39
F F
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OCHOBHBIM ypaBHEHUEM B JaHHOM MeToje sABisieTcss M = t1,J,. MakcumanbHas
BEJIMUMHA HAMNPSKEHUI B MIBE JECUCTBYET B TOUKE C KOOPAMHATOU Yax. 3AMEHUM T
HA Tax = T1Ymax ¥ IOJYYUM OCHOBHOE YPABHEHHUE TPOYHOCTU COCIMHEHHUS 10 METOLY

OCCBOI'0 MOMCHTA MHCPIHH:

IIpenmymecTBOM JaHHOTO METOJA SIBISETCSA TO, UYTO 3HAYEHUS OCEBOIO MO-
MEHTa MHEPLUU TaOyJIHPOBAHBI ISl MHOTUX T€OMETPUUYECKUX (PUTYP, UTO YHPOIIAeT

pacyeThl.

Merton nossspHoro MmoMeHTa uHepiuu (puc. 3.18B) cxox ¢ npeapayumM. Oc-
HOBHBIM OTJIMYHUEM SBIISETCA TO, YTO B JAHHOM METOJIE€ MPHUHATA TUIIOTE3A O TOM, YTO
CUJIbl BO3HUKAIOIIKME B LIBE, CO3JAIOT MPOTUBOMOMEHT OTHOCUTENIBHO LIEHTPA TSIKeE-
CTH CE€uYeHUs ciielia MBOB. Tak ke BbIIETUM Ha KOHType mBa miomanky dF Ha pac-
CTOSIHUU T OT IIEHTpa TSHKECTH CEUYCHHUSA IIBa, Ha KoTopoil cuna dT = t,r u nmpoBeneM
BbIYKCIICHUs aHanorudHo 3.39, 3amenuB y Ha r. [locie mpeoOpa3oBaHus MOTydIUM
OCHOBHO€ ypaBHEHUE B METOJE IOJIAPHOrOo MOMeHTa uHepuuu M = t,J,, rue J, - mo-
JIIPHBIM MOMEHT MHEPLIUHU CJIEJla CEYEHHUs 1IBOB.

OCHOBHOE ypaBHEHHE TPOYHOCTU COEMHEHHS IO METOAY MOJISIPHOTO MOMEHTA

WHEPLWU:

3HaueHus J, TaOyIupoBaHbl Ul MHOTMX IT'€OMETpUYEcKuX (uryp, Kpome Toro,
MHOTAA YIOOHO BOCIIOJIb30BAThCS BBIYMCICHUEM 3HAYEHHsI MOJSIPHOIO MOMEHTa

MHEPLIMHU YEPE3 3HAYEHH OCEBBIX MOMEHTOB MHepuuu (J, = J + Jy).
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TA€ Xmaxs Ymax — KOOPJAMHATHI MAKCUMAJIBHO YJAJI€HHOM TOYKM IIBA OT LIEHTpa

TAXKCCTH CCUCHUA €TI0 CJICIA.

Merton nonsipaoro MoMeHTa uHepuuu pekomengoBan CHull 11-23-81 niist pac-

4gcTa NPOYHOCTH CBAPHBIX COCI[I/IHCHI/Iﬁ IoJg HeﬁCTBHeM MOMCHTA B IINIOCKOCTH IIBA.

3.11.3. Pacuer cBapHBIX COEIMHEHHI C YTIIOBBIMU IIIBAMH Ha IEMICTBUE MOMEHTA B
IJIOCKOCTH, IEPIIEHIUKYIISIPHON IIOCKOCTH PACION0KEHUS IBOB.

Ha puc.3.19 npuBeneH npumep Takoro COEAMHEHUS M JaHbl 0003HAYEHUSI.
Pacuer BBITIOMHSIOT MO JIBYM BO3MOXHBIM IJIOCKOCTSM Pa3pylUIECHUS: MO METaLTy

IIBa 1 110 I'paHUIC 30HbI CILNIaBJICHUA:

M M
Tf :J_ymax < Rw’f/lv‘.’f}/c; Tz :J_ymax < sz]/wz}/c """"""" 3'42’

xf xz

rae Jys 1 Jx, - 0CeBOM MOMEHT MHEPIUM COOTBETCTBEHHO JJIS TNIOCKOCTH, MPO-
XOASAUIEH MO METaJUly IIBAa U IO TPaHUIIE CIUIABJICHUS, KOTOpbIE IMOJCYUTHIBAIOT,
npyuHUMas KUpUHY ciena mBa kak K nmm K.

OO6bI4HO, U3rKOAIOIINI MOMEHT B MPUKPEIUISIONIMX IBaX COCAUHEHUS BO3HU-
KaeT B pe3yjbTare JCUCTBHUS IMOMEPECYHBIX CHJI, MO3TOMY B OOJBIITMHCTBE CIIydyacB
MPUXOJIUTCS YUUTHIBATh JEUCTBUE JBYX CHUIIOBBIX (haKTOPOB: U3THOAIOIINI MOMEHT U
nepepe3bBarony0 cuiny. KacaTenbHble HampspKeHUs, OOYCIOBJICHHBIC JEHCTBHEM
ATUX CHJIOBBIX (DAKTOPOB, PACIOJIOKEHBI BO B3aUMHO MEPIICHANKYIIPHBIX HaIpaBJie-
HUAX. {15 UX COBMECTHOTO y4yeTa HEOOXOAUMO BBHITIOJIHUTH TEOMETPUIECKOE CYMMHU-
poBaHuUe.

Cxewma pacuera npejcraBiieHa Ha puc.3.19.
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Puc. 3.19. Cxema pacuera NpUKpEIUIAIOMMX [IIBOB.
[Ipu mapaiiiesbHOM NEePEeHOCe CUJIbl B IUIOCKOCTh 111Ba BOZHUKAET W3TMOar0INii
MoMmeHT M = PL. Takum 00pa3om B IUTIOCKOCTH CEUEHHUs IIBa (3alITpUXOBaHHAsA 00-

J'IaCTB) BO3HUKAIOT KAaCATCJIbHBIC HAIIPSXKCHUA OT MOMCHTA Ty U OT nepepe%maromeﬁ

CHJIBI Tp,. PesynpTupylolmue Hanps»KeHUs paBHBbIL:

KacarenbHble HAIIPSKCHUA OT HGﬁCTBHH MOMCHTA PAaBHBI:

3 3
TMzﬂymax; Jx=Jx+J:, J;:ﬁ, J)f:M-Fbe;ax ... 3.44
i 12 12

HpI/I MoACYCTC BCIIMUMHBI MOMCHTA MHCPUUU T'OPHU30HTAJIbHBIX IIBOB HepBBIP'I
YJICH CYMMBI MOXHO HC YYHUTbIBATb, KaK MaJIO3HAYMMBIH.

HpI/IHHTO CUNTAaTh, 4YTO INCPCPEC3BIBAIOIMIYIO CHJIY BOCIIPHMHUMAIOT TOJIBKO INBBI,

PACIIOJI0KEHHBIE BJIOIb AEUCTBUS CUibl. IToaToMy,

B o6mem Bume ypaBHEeHHE MPOYHOCTH CBAPHBIX COCAMHEHUN C MPUKPETLISIO-

IMKMMH MIBAMH BBITTIAAUT CICAYIOIIHNM 06pa30M:

L= {ﬂym] +££J <le] e, 3.46

J

X
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B Tex cnyuasx, korja cuia, IedcTByolas Ha Opyc, cMelleHa OTHOCUTEIbHO
ero npojoiasHol ocu Y (puc. 3.20), TOMUMO M3rMOaroImero MOMEHTa B IUIOCKOCTH

mBa IMOABJIACTCA KPYTHHII/Iﬁ MOMCHT.

Puc 3.20. CxemMa pacuera NpUKpPEIUISIONIMX IBOB CBAPHOTO COCIUHEHUS IO/ ICHCT-
BHEM TpPEX CHIOBBIX (pakTopos P, my n m.
[Ipu mapasiensHOM NEpeHoce ACHCTBYIONICH CUITbI B IJIOCKOCTH I1IBA MOSIBIIS-

I0TCS JIBA MOMEHTA: KPYTAIIUHA My U U3ruOaromui my.

B nanHOM cilydae KacaTelbHbIE HAIIPSHKEHUS OT TPEX CHIIOBBIX (akTopoB (P,
my ¥ M) ACHCTBYIOT B Pa3HBIX INIOCKOCTSAX. MIX BEKTOPHOE CII0KEHHE MO3BONSAET BbI-
pasuTh Pe3yAbTUPYIOIUE HAIPKCHWS

2 2 2
m
o) o) (2] e

J)C +JZ X 8

[lepBoe crnaraemMoe BbIpaXKaeT KacaTENbHbIE Ty, HAIPsLKEHHs B HaubOolee yaa-
JIEHHO! TOYKE CEYECHHUS (Xmax; Zmax), OOYCIOBIEHHOE KPYTSIIUM MOMEHTOM Mmy; BTO-
poe cijaraeMoe — KacaTelbHbIE HAMPSOKCHHUS Ty, OT H3THOAOIIETO MOMEHTA mMmy;

TPETBE — Ty, 00YCIIOBIEHHOE ACHCTBUEM CHIIBI P.
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3.11.4. PacueT mosCHBIX IIBOB OAJIOK.

B mosicHBIX mIBax CBapHBIX OajKax MpU MOMEPEUHOM H3rH0e BO3HHMKAIOT KacaTelb-
HbIE HAIPSKEHUS T, AEUCTBYIOLIME BAOAb mBa (puc.3.21a). Pacuer Takux mBOB

MPOU3BOJIAT 1O M3BeCTHOU Popmyre XKypaBckoro:

rae Q — Benmu4MHA Tepepe3bIBAIOIICH CHIIBI; S — CTATHUECKU MOMEHT ceueHus Oaj-
KU, PACIIOJI0KEHHOTO BBIIIE€ CBAPHBIX IIIBOB (B YACTHOM CIIy4ae MOJIKH) OTHOCUTENb-
HO ocu X; BK — mupuHa pacyeTHOro CeYeHus yrioBoro ImBa; Jx - MOMEHT UHEPIIUU
cedyeHus 6asiku. Eciii cBapHbIe BB BBIMOJHEHBI C TIOJHBIM MPOIJIABICHUEM CTEHKH,

TO B KAa4UCCTBC MIHWPUHBI PACYCTHOIO CCUCHHA NPUHHUMAIOT TOJIIOWHY CTCHKH OaKu

6CT'

Puc.3.21. Cxema pacueTa NOSICHBIX IIIBOB CBAPHBIX OAJIOK.

Ecnu kx mosicy 6anky NpuKIaAbIBalOT COCPENOTOYCHHYIO0 Harpys3ky P, Hampu-
Mep, B BUJE OINIOPHOr'0 KaTKa MOJKPAHOBOM TEJIEKKH, TO B MOSACHBIX IIBAX MOSABISIOT-
Csl HampsDKEHHs, 0OYCIIOBJIEHHBIE TEM, YTO cwia P 4YacTHYHO mnepenaercss udepes
IUIOTHOE IIPWJIETAHUE CTEHKH K MOSACY, YACTUYHO YEPE3 IIOB, T.K. B CTHIKE BO3MOXKHBI
3a30DBl.
[Ipu pacuere HanpsKEHUM OT CUJiIbl P B KaueCTBE IMHBI y4acTKa, KOTOPBIM NIepeaaeT
Harpy3Ky 4epes LI0B, IPUHUMAIOT pa3sMep Z, ONpeIeIsieMblii METOJOM TEOPUHU YIIPY-

T'OCTH.
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rae J, — MOMEHT UHEPIIUHU MOJKH OTHOCUTEIIEHO COOCTBEHHOM OCH; Oc;.
Hanpspkenue ot cumsl P onpeAessitoT ¢ yueToM KOPPEKTUPYIOIIET0 MHOKHTEIS n (n
=0...1,0, pexomenayetcsi n = 0,4), yYUTHIBAIOIIETO YaCTUYHOE OTIHPAHUE MOJIKHA Ha

CTEHKY:

C YYETOM BEKTOPHOI'O CJIOKEHMs KacaTEJIbHBIX HANPSIKEHUN OT Cwibl P U OT
nepepesbiBaronier cwiibl Q ypaBHEHHME ITPOYHOCTH CBAPHBIX IMOSCHBIX IIBOB BBITJIS-

JUT CIIETYIONTUM 00pa3oM:

B T1ex cnydasx, Korjga pacueTHOE 3HAUYEHUE IIOSCHBIX IIBOB, OKa3bIBACTCs
MEHbIIIE MUHUMAJIBHO JIOMYCTUMOIO MO TEXHOJOTHUYECKUM COOOpaKeHUEM pa3Mmepa,
IIPUMEHSIOT MPEPBIBUCTHIE MIBBI. Pa3zmep kaTera mpephIBUCTOrO LIBA ONPEACIISIIOT B

3aBUCUMOCTH OT JJIMHBI YY4CTKOB IIIBA ¥ IIara NpepbIBUCTHIX IBOB!:

tp =D Ll ] ] 3.53
2BKT. 1

we

3.12. Pacuer 351eMEHTOB CBapHbBIX KOHCTPYKIIHUIA C TOUEUHBIMH IIIBAMHU.

CBapHbl€ COEIMHEHNS, BBIMOJHEHHbIC KOHTAKTHON TOUYEUHOW CBApPKOM, UMEIOT
BECbMa ILIMPOKOE PACIPOCTPAHEHUE NPHU MPOEKTHPOBAHUU TOHKOJHCTOBBIX KOHCT-
PYKIIUi Oy1aromapsi 3SHAYUTEIHLHO OONBINEH MPOU3BOAUTEIIPHOCTA KOHTAKTHONW CBAPKH
[0 CpPaBHEHHUIO C APYrUMH criocodbamu. CBapHbIE COCIUHEHMS MPOCKTUPYIOT Tak,
yTO0OBI OHU padoTaIu Ha cABUT (puc.3.22a), MOCKOJIBKY MPOYHOCTh TOYCUHBIX COETU-
HeHUM Ha OTphIB (puc.3.220) 3HAUUTENHHO HUXKE M3-32 BHICOKON KOHIIEHTpAIMKN Ha-

psKEHUN B iepuepruiHON YaCTU COSTUHEHHS.
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Puc.3.22. Toueunsie coennHEHUS, paboTaroe Ha ¢IBUT (a) U HA OTPHIB (0)

OcHoOBHBIC pa3Mepbl KOHCTPYKTHUBHBIX 3JIEMEHTOB COCIMHECHUS yCTaHaBJIMBa-
10T B cootBeTcTBHE ¢ ['OCT 15878-79 (mpunoxkenue 4.2, rnasa 2).

JlonmyckaeMble HaMpsiKEHUS OMPEACIISIOT B 3aBUCHUMOCTH OT JOITyCKaeMbIX Ha-
psKEHUN 711 ocHOBHOTO MeTaia: [t]; < 0,5[c]; [o]or = (0,25 ... 0,30)[c].

YpaBHEHUSI MPOYHOCTH COCIAMHECHUS, BBIMOJHEHHOTO KOHTAKTHOM TOUYEYHOM
CBApKOM:

pu paboTe Ha CABUT

.= ;2S[T]T ...................................... 3.54;

n

4
pHu paboTe Ha OTPHIB

P

o=—n o lor e 3.55
e
4

IIpu pacuere coenMHEHUN, HArPY>KEHHbIX MOMEHTOM B IUIOCKOCTH COEIHUHE-
HUsI, UCTIOJIB3YIOT METO/, IIPU KOTOPOM XOJI PACCYKJICHUM ITOX0K Ha METOJ OCEBOTO

MOMeHTa uHepiuu (puc.3.23).

bs T [T
pa——"y
t |‘,"! o e
“o B O, M
b
t1 1—-JI I
1 2 3

Puc.3.23. CxemMa pacueTa coeIMHEHUS,
Harpy>k€HHOTr0 MOMEHTOM B IJIOCKOCTH COEJMHEHMUSI.
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B xaxzaom psay TOYEK ONpeAessitoT CyMMY MOMEHTOB CHJI OT KacaTEIbHbBIX

HAMNPSKEHUM B KaXKI0M TOUKE.

2 2

id
Sm, =XTr, =Srr,——; npunumaen T, = 1,1, = Im, = 1,517 —— .......... 3.56;
4 4

1€ I; — KOOpAMHATA 1 — TOM TOYKH B PsIIy OTHOCUTEIBHO TOPU30HTAIIBHON OCH;
T; — KacaTeJIbHOE HAIIPSKEHUE B 1 — TOW TOYKE; T; — €IMHUYHOE 3HaYEHUE KacaTellb-
HBIX HAIPSDKEHUN.

Janee He0OX0IMMO IPOCYMMUPOBATh MOMEHTBI OT KacaTeJIbHbIX HaINPsHKEHUN

B OTACJIBHBIX PAJdax TOYCK:

2
M=z, mj ;z# ................................... 3.57;

rje — k — 4ucio psiioB TOYEK.
C ydeToM JNMHEHHON 3aBUCUMOCTHU KacaTelIbHbIX HANIPSKEHUN OT KOOPAUHATHI
TOYCK Tmax = T I'max, OMPEACIUM BEIMYMHY KacaTeIbHBIX HAMPSOKEHUN B Hambosee

yﬂaHCHHOfI TOYKC C KOOp,Z[I/IHaTOﬁ I'max W 3aIIMIIEM YPABHCHUC ITPOYHOCTH HAXJIC-

CTOYHOI'O TOYCYHOTO CBAPHOTI'O COCAMHCHUA B CJICAYIOIICM BUJC:

4M
T nax — ml’max < [’Z']T ...............................
ki

TO‘-IG‘-IHYIO CBApPKy 4YaCTO IIPUMCHAIOT IIPH HU3IOTOBJICHUU 00JICrYEHHBIX TOH-

KOCTEHHBIX 0aJIOK U3 XOJJAHOTHYTHIX npodusiei (puc.3.24).

Puc.3.24. Cxema pacdeT CBapHBIX TOUYEYHBIX COCINHEHUM,
Harpy>KEHHBIX KacaTeIbHBIMHU CHJIAMH MPHU MOTIEPEYHOM H3rH0e OaKu.
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[Tonepeunsblit U3ru6 OanKku BBI3BIBAET MOSBJICHUE B IIOCKOCTH COCIUHECHUS
cABUroBOoM cwibl T, KOTOpas Ha JJIMHE 1Iara t U BOCIPUHUMAETCA COEAUHEHUEM B
npenenax TOYKH, T.e. Ha y4yacTke jmHHOU d. B coorBeTcTBUUM ¢ Popmynoit XKypas-
CKOr'0 CJIBUTOBYIO CHIIy, HAKOILJICHHYIO Ha JUIMHE Il1ara TOYE€K YU BOCIPUHHUMAEMYIO

TOYKAaMH B KaKJIOM IIOIICPCUHOM CCUHCHHUHU COCAUMHCHNA, MOKHO OIIPCACINUTD!:

PaB,I[eJ'H/IB HAaKOINICHHYIO CHIIY Ha IIOIaJb TOYCK, IIOIIAAArOIIMX B CCUYCHHU
MOKHO 3alIMCaTh YPaBHCHUC IPOYHOCTHU CBAPHBIX TOUCUYHBIX COCI[I/IHCHI/Iﬁ OaJIKH:

T S ¢t 208
= Q 2 = Q3 S[T]T
2F, 27zd d
4

rae Fr — mmomans ogHoM Touku nuamerpom d; Q — mepepesbiBaromas cuia; S
— CTAaTUYECKU MOMEHT YaCTH CEYEHUs, PACIOJIOAKEHHOIO BBIIIE IIJIOCKOCTU COEMIH-
HEHUSI OTHOCHTEIILHO COOCTBEHHOU ocH Y|, B 4acTHOM ciydae (puc. 3.24) S = F...Z;
Fey — TUIOIIQ/1b TONEPEYHOTO CEUEHUS YaCTH OaJKU, PacroIOKEHHON BBIIIE TIOCKO-
CTU COEIUHEHUS.

IIpumep pacuera COEIMHEHMM, BBINOJHEHHBIX TOYEYHOM CBApPKOW, SBISAETCS
YaCTHBIM CIIy4a€M pacyeTa COCIAMHEHUN C MPEPHIBUCTHIMHU IIBaMHU, HE3aBUCHUMO OT

TOI'0O KakKuM MCTOJOM CBAPKH OHU BBITNTOJIHAKOTCH.

3.13. KoHTpOJIbHBIE BOMPOCHI.

1. C xako¥ 1eTbI0 NP pacueTe KOHCTPYKIUI Ha3HAYar0T KOA(P(UIIMEHT 3amac
IIPOYHOCTH, YTO BBIPAXKAET U OT YEro 3aBUCHUT €ro BEJIMYHMHA IIPHU pacyere Mo JOIycC-
KaeMbIM HaIPSHKCHUSIM?

2. C kakoil 1eNbI0 TIPU pacueTe CBAPHBIX COSAMHEHUN Ha3HAYal0T K03 hu-
[UEHT MPOYHOCTU CBAPHOTO COEIMHEHHMSI, OT YETO 3aBUCUT €r0 BeJInuynHa?

3. YUro Takoe pacdyeT KOHCTPYKLHI MO MPEAEIbHOMY COCTOSHHIO, YTO 03HAYAEeT

IMpCacCJIbHOC COCTOAHHNC KOHCTPYKIHMH, KaKHUC IIPCACIIBHBIC COCTOAHUA pacCMaTprBa-
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I0T TIPY BBIIIOJIHEHUM PacyeTa, B YeM IMPEUMYIEecTBa JAaHHOTO METOJla pacyera 1o
CPABHEHUIO C pacyeTaM I10 AOIYCKAEMbIM HaIIPSKEHUSAM?

4. YUro mpuHUMalOT B Ka4eCTBE PACUETHOI'O CEYEHHUs IPU PACUETE CBAPHBIX
CTBIKOBBIX COEJIMHEHUW, KaK MPOBOAST PACUYET CTHIKOBBIX COEAMHEHHI, BBIITOJIHEH-
HBIX C HEMOJIHBIM IPOIJIABJIEHUEM KPOMOK WM NIPEPBIBUCTHIMU IBAMHU?

5. Ilo KakKuM pacyeTHBIM CEYEHUSIM IMPOBOJAT MPOBEPKY MPOYHOCTU CBAPHBIX
COEMHEHNH C YIJIOBBIMU IIBaMU?

6. UTo npuHUMAIOT B KauecTBE KaTeTa YIJIOBOI'O IIBA IPU pacyeTe CBapHBIX
COEJIMHEHU C YTJIOBBIMU IIBAMU?

7. B uem oTiiMune pacyera YIJIOBBIX IIBOB IO METAUly IIBA U IO I'PAaHHUILE 30-
HbI CIUIaBJICHUSA?

8. C KaKoM LEJBbI0 NMPU ONPENEICHUU BBICOTHI PACYETHOI'O CEYEHUS YTIIOBBIX
IIBOB BBOJAT KO3(PPHUIMEHT [3, 9TO OH BBIPAXKAET, OT YETO 3aBUCUT €T0 BETNYHHA?

9. Kakue CylecTBYIOT TEXHOJOTMYECKHE BO3MOXXHOCTH YMEHBIIUTH Pa3MeEp
KaTeTa YIJIOBOTO IIIBA IPU COXPAaHEHUHU MPOYHOCTH COEAMHEHHUS U KAKHE JIOJIKHBI
ObITh JaHBl YKa3aHUS B KOHCTPYKTOPCKON MOKYMEHTAallMu, YTOOBI OOECHIEUUTh BO3-
MO>KHOCTb COXPAaHEHUsI PACUETHON TPOYHOCTH?

10. B uem 0coOeHHOCTh IPOEKTUPOBAHUU U pacyeTa CBAPHBIX COCTUHEHUH Jie-
Tajei, pacoJIOKEHHBIX MO/ YIJIOM JIPYT K APYry, oTiaudatomemcs ot 90°?

11. B yem 0COOEHHOCTh pacueTa CBapHbIX TABPOBBIX COEINHEHUH, BBIIOIHEH-
HBIX C Pa3/eNIKO KpOMOK?

12. B Kakux ciy4asix MOKHO IPEAIoyiarate pa3pylleHHe TaBpOBBIX COEJUHE-
HUIl B pe3yJIbTaTe PacciOCHHUs OCHOBHOTO METAJUIA B 30HE IIBA U KAaK IPOBOAST MPO-
BEPKY IPOYHOCTH COEAMHEHUS C YUETOM BO3MOKHOCTH TAKOI'O pa3pylICHHs?

13. Ilo xakuM npUYMHAM OTPAaHUYMBAIOT MUHUMAJIbHOE 3HAYEHHE KaTeTa I1IBa
1, OT Yero 3aBUCHUT 3TO 3HAYCHHUE?

14. Kak BiisieT HanpaBJIEHUE IEUCTBHS CUJIbI HA IPOYHOCTh COEAUHEHUS C YT~
JIOBBIMH IIIBAMH, KAKHE CYIIECTBYIOT METOJIbl pacyera IMPOYHOCTH YIJIOBHIX LIBOB,

YUHUTHIBAIOIINE HAIIPABJIECHUE ACHCTBUS CUIIbI?

48



15. B yeM cOCTOUT CyTh METOJIOB pacueTa CBapHBIX KOHCTPYKIIMI, Harpy>KeH-
HbIX MOMEHTOM B IIJIOCKOCTH COEUHEHHUS?

16. B ueM 0COOEHHOCThH pacueTa MPUKPEIUISIOMIUX IIIBOB, HAIPYKEHHBIX HeE-
CKOJIbKAUMH CHJIOBBIMH (haKTOpPaMu (CHIIOHN, H3THOAFOIINM, KPYTSAIAM MOMEHTOM)?

17. B 4yeM 0cOOEHHOCTh pacueTa CIUIONMIHBIX M MPEPHIBUCTHIX MOSCHBIX IIIBOB
0aJIoK, HArPyKEHHBIX MOMEPEUYHBIM U3THOOM?

18. Kak yunTthIBaeTCs B pacyeTe YIIOBBIX IIBOB ACUMMETpHUS CECYEHUM dJie-
MEHT, IPUBAPUBAEMOI0 YIJIOBBIMU IIBaMU?

19. OcobOeHHOCTH pacueTa COCAMHEHUMN, BBIMOJHEHHBIX KOHTAKTHOM CBapKOM,
KaK OINPENEISAI0T BEIMYUHY JOMYCKAEMbIX HAIpPSIKEHUM MPU pacueTe Ha Cpe3 U Ha
OTpPBIB?

20. B yeM cOCTOUT CyThb METOJOB PACUETA CBAPHBIX TOYEYHBIX COCIUHECHH,
Harpy>K€HHbIX MOMEHTOM B INIOCKOCTH COEIMHEHUS?

21. B yem 0COOEHHOCTh pacueTa CBAPHBIX TOYEYHBIX COCMHEHUIN COCTaBHBIX

Oanok?
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