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Pedepar. IIpn BbImOMHEHHM CBapHBIX COEAMHEHHH HE BCErJa yJaeTcs IUIOTHO NPHXKATh COSAUHSEMBIC DJIEMEHTHI Iepen
HAaIlJIaBKOI CBapHOro 1IBa. B HOpMAaTUBHBIX TOKYMEHTaX 110 CBapHBIM COCAMHEHUSM JOIYCKaeMblil 3a30p MEXIY COeIUHse-
MBIMHU 2JIEMEHTAaMH MOJKET JOCTUTaTh: 3 MM — IIPU CBapKe HOKPBITHIM JIEKTPOJOM; 2 MM — IIPH CBapKe B 3alUTHBIX ra3ax.
B 10 ke Bpems B HOpMaTHBax IO PacyeTy CBAPHBIX COCAMHEHHH HAIMYME 3a30pa HE yUHThIBaeTcs. [y ompeneneHus Bius-
HHS 3a30pa Ha HECYIYI0 CIOCOOHOCTh CBApHOTO IIBA MPOBEAEHBI SKCIIEpUMEHTaNbHbIE HccaeqoBanus. Ha Munckom 3aBoze
TEXHOJIOTHIECKUX METANIOKOHCTPYKIMH OBIIM M3TOTOBIEHBI 00Pa3Ibl CO CBAPHBIMHU COSANHEHUSMH IBYX THIIOB — I pado-
THI Ha CABUT ¥ OTPHIB. C IENBIO COMOCTABICHHS MOJIOBUHY 00pa3I[OB U3TOTOBHIH O€3 3a30pOB, a APYTYIO MOJOBHHY — C 3a30-
paMu MeXIy COCAMHSIEMBIMU dJIeMeHTaMHu. VchbITaHus NPOBOMMIM B HaydYHO-HCCIIEROBaTelbckol aboparopun BHTY.
o pe3ymnpTaTaM ONBITOB CHETAHBI BBIBOIBI, YTO 3a30PhI MEXIYy COSAMHIEMBIMU JICMEHTAMH CYIIECTBEHHO CHIDKAIOT HEcy-
IIy0 CIIOCOOHOCTH CBAapHBIX HIBOB. KpoMe TOro, 0CMOTp MOBEPXHOCTEH pa3phiBa MOKa3aj, YTO MPU HAIUYUH 3330pa IMOBEPX-
HOCTH Cp€3a CBApHOTI'0 IIBA NMPOXOIAT MO IPAHUIE CIJIABIECHHS OCHOBHOTO M HAIJIABIEHHOIO METAIIOB. DKCIEPUMEHTAIBHO
YCTaHOBJIEHO, YTO MMEIOLIMICSA 3a30p NMPUBOIAMT K HEKOTOPOMY YBEIMYEHHIO ITyOuHBI mpormiaBieHus. OHako mocien-
HMT (aKTOp HE KOMIICHCHPYET CHIDKEHHE HECyIeH CIOCOOHOCTH CBAapHOTO LIBA, OOYCIOBICHHOE HAJIMYUEM 3a30pa MEXIY
COeIMHSAEMBIMH HJIEMEHTaMH.
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To Calculation of Fillet Welds
E. Yu. Davydov", A. I. Bondarovich”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. When making welded joints, it is not always possible to press tightly elements to be joined before surfacing the
weld. In normative documents on welded joints, the allowable gap between the elements to be connected can reach 3 mm
when welding with a covered electrode and 2 mm when welding in shielded gases. At the same time the presence of a gap is
not taken into account in the standards for calculation of welded joints. Experimental studies have been carried out to deter-
mine effect of the gap on the bearing capacity of the weld. Specimens have been made with welded joints of two types: for
work in shear and pull-out. For the purpose of comparison, half of the specimens have been made without gaps, and the other
half with gaps between the elements to be joined. The specimens have been made at the Minsk plant of technological metal
structures, and their tests have been carried out in a research laboratory of the Belarusian National Technical University.
Based on the results of the experiments, it has been concluded that the gaps between the elements to be joined significantly reduce
the bearing capacity of the welded joints. In addition, inspection of fracture surfaces have shown that, in the presence of a gap,
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the cut surfaces of the weld pass along the fusion boundary of the base and deposited metals. It has been experimenttally estab-
lished that the existing gap leads to a slight increase in the penetration depth. However, the latter factor does not compensate for the
decrease in the bearing capacity of the welded joint due to the presence of a gap between the elements to be joined.
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BBenenue

IIpu M3roTOBIEHUM CTaNbHBIX KOHCTPYKLHN B
TpolIecce CBapKH, Kak MPaBwIIo, HE BCETJa yaaeTcs
o0ecreunTh IUIOTHOE KacaHWe JIIEMEHTOB B TaB-
POBBIX, HaXJIECTOYHBIX M YTJIOBBIX COEIWHEHHSIX.
Ha puc. 1 npuBeneHa cxema pacdeTHBIX CEYeHUIH
CBAapHOTO COCTUHEHUS C YTJOBBIM mBoM [1, 2].
CeueHue 1Mo HAIUTABJICHHOMY METAJLTy 0003HA4YEHO
CHUMBOJIOM f, CedeHHe 10 TPaHUIlE CIUTaBIEHUS — Z,
3a30p — cuMBOJIOM O. CedeHre 1Mo HaIllTaBJICHHOMY
MeTaJUTy HalpaBJIeHO NEpIEeHIUKYJIIPHO TUIOTe-
Hy3€ IPSIMOYTOJIBHOTO TPEYTOJIbHIKA, BIUCAHHOTO
BO BHEUIHIOIO YacThb CBAapHOIO INIBAa, a CEYEHUE
M0 TPaHUIIE CIUTABIICHHS IMPOXOIUT Yepe3 TOUKH
MepecevyeHrsl CBapHBIM ILIBOM IOBEPXHOCTEH CO-
€AMHSEMOTO 3JIEMEHTa.

T

.

Puc. 1. Ilonepeunoe cedyeHue yriioBoro Hipa
B TaBPOBOM COEAMHEHUN

\O’?

Fig. 1. Cross-section of fillet weld in T-joint

Omnpe/eNieHue KaTeTa CBAPHOTO I11Ba OCYIIECTB-
nsercs o popmynam [1, 2]:

2N/B AR, K, =N/BLR,., (1)

rie s B- — IpUHMMAIOTCS B 3aBUCHUMOCTH OT BHJA
CBapKH, TOJIOKEHUS TIPH CBapKe U 3HAUCHUS KaTe-
Ta, KOTOPOE Ha 3TOM JTale pacuera IpeaBapH-
TenabHO Oepercs B MHTEPBaANE Kinin—Kfmax; Ly — pac-

|L

4eTHas JUIMHA CBapHOTO IIBa; R,y R,. — pacyeTHOE
COTIPOTUBJICHHUE CPe3y 0 METAJLTY IIIBa U METaJLTy
TPaHUIBI CIUTaBIICHHSL.

Kax BumuO U3 (1), 3230p MEXKIY COCTUHSIEMBI-
Mu dieMeHTamMu (8) He yunThiBaeTcs. CoriacHo
HeﬁCTBYIOIIIHM HOPMATHWBHBIM IOOKYMCHTaM IIO
CBapHbIM coeanHeHusM [3—8], 3a30p Mexnay co-
€IMHSIEMBIMH DJIEMEHTaMH MOXET JIOCTHTaTh: 3 MM —
MU CBapKe MOKPBITHIM 3JIEKTPOJIOM; 2 MM — TpHU
CBapKe B 3alllUTHBIX Ta3ax. B To xe Bpems
HaVMEHbIIlee 3HAYEHHEe KaTeTa: Bcero 4 MM — IpH
pyYHOI; 3 MM — TIpY MEXaHU3UPOBAHHOM cBapke [2].
[Ipu TommmHAX COETUHSEMBIX 3JIEMEHTOB 15 MM
u Oonee HaumOonbpliee 3HaueHHe 3azopa (3 MM)
W HaWMeHbIIee 3Ha4YeHHE Karera (4 MM) MOTYT
0Ka3aThCsl B OJIHOM CBApHOM COEIMHEHHUH.

C uenblo onpeaeieHus BIUSHUS 3a30pa MEKAY
COEIUHIEMBIMU DJJIEMEHTaMH Ha HECYIIyI0 CIIO-
COOHOCTH CBapHOTO IIIBA TPOBENEHBI HKCIIEPUMEH-
TaJbHBIC UCCIICIOBAHUS.

3KCﬂepﬂMeHTaﬂbele HCCJICAOBAHUA

Jnst mpoBeeHHUs WCCIENOBAaHWUN OBUTH HW3TO-
TOBJICHBI O6pa3HLI ABYX THUIIOB, I'I€ COCIUHACMBIC
AJIEMEHTHl BOCIPUHUMAIHN CIBUTAIOIIUE M OTPBI-
Baromue ycums. Ha puc. 2 nmpeacraBiersl o0pas-
B, TIpeIHA3HAYEHHBIC IJIT BOCIIPHUATHS CIABUTAIO-
mux ycunuid., O0pasibl KaKA0TO TUTA BBITOTHSIIN
B JIByX BapuaHTax: 0e3 3a3opa (0 = 0) (puc. 2a)
u ¢ 3a30poM (6 = 2-3 mm) (puc. 2b). PaxTHuecKkn
3a30pbl B OTHX 00pa3lax IMOJXYYHIUCh PaBHBI-
Mu 2,5 1 2,9 MM, a KaTeTbl CBApHBIX IIBOB HaXo-
nunuchk B mpeaenax oT 4,0 mo 5,7 mm. Karets
3aMEpPAINCh KaK KaT€Thl MNPAMOYIOJIBHBIX Tpe-
YTOJIbHUKOB, BITUCAHHBIX BO BHEIIHIOIO 4YacTh
HAIIaBJICHHOTO METaJla.

b

i

—
T =
—

Puc. 2. O6pa3isl 11 UCTIBITAHUN HA CIABUT

Fig. 2. Shear test specimens
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Ha puc. 3 npencraBieHsl oOpasifsl, MpeaHa-
3HAaYeHHBIE TSI BOCIPHUSATHS OTPHIBAIOIINX YCH-
nuii. GakTUvecKku 3a30phbl B 3THX 00pa3iax Mmoiy-
YUINCH paBHBIME 2,1 1 2,9 MM, a KaTEThI CBApPHBIX
LIBOB HAXOAWIKCH B Ipeaenax ot 2,7 Ao 8,4 Mm.

N N,
T 11
i a 1-1
N 30 ——— V.
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! b 1-1
M 30 115 N
i e i
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Puc. 3. O6pa3us! s HCOBITAaHUI HA OTPBIB

Fig. 3. Pull-out test specimens

B o0pasnax s ucnpITaHU# Ha CABUT TOJIIIN-
HBI COCMHAECMBIX IIACTUH NPUHUMAIUCH 16 MM, a
Ha OoTpeiB — 16 m 30 mMm. Marepuan miaacTuH —
cranb C245. [lonHast qiauHa CBapHOTO IIBAa B KaX-
noM oOpasue cocraBisuia 100 mm. CBapHble BB
HAIUIaBJSUIMCh TIOTyaBTOMaroM. lMcmonp3oBanach
cBapoyHas nposonoka Ce 0812C nuameTpoM 2 MM.
CBapka BBINOJIHATACH B HIDKHEM TIOJIOKEHUH B
cpene 3ammTHOrO raza (aprona). OOpasibl H3ro-
TaBJIMBAIMCh HAa MUHCKOM 3aBOJIE TEXHOJIOTHYE-
CKHX METaJNIOKOHCTPYKLHUH.

CedeHrs CBapHBIX IIIBOB B 00pasmax, HCIIbI-
TaHHBIX Ha CIBHT 03 3a30pa W C 3a30pOM, TPHUBE-
JIeHBI Ha pHc. 4, HAa OTPHIB — Ha pHC. 5.

I

Puc. 4. Ceuenns cBapHBIX IIBOB B 00pasiax,
HCTIBITAHHBIX Ha C/BUT, Oe3 3a30pa (a) u ¢ 3a30poMm (b)

Fig. 4. Sections of welded joints in shear test specimens,
without gap (a) and with gap (b)

OKcUeHTpHCUTeT, 00yCIOBIeHHBIH (opMoi
00pasnoB, NPUBEICHHBIX Ha pHC. 4, 5, BHI3BIBACT
NOSIBJICHUE HE3HAYMTEIBbHBIX HOPMAJbHBIX Hamps-
JKeHUH. B 30H€e CBapHOrO 11BA 3TH HAIPSKEHUS HE

P Hayka
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npessianu 3 kH/cm®. TIpu comocTapieHuy Hecy-
LIMX CIIOCOOHOCTEH CBAapHBIX COCOUHEHHUH, KOTO-
pble OIpPENENsAIOTCS 3HAYCHHUSMHM KacaTEJIbHBIX
HaIPSDKCHUM, BIMSHUE HOPMAJIBHBIX HANpPSDKEHUN
HE YUUTHIBAIOCH.

Puc. 5. Ceyenns cBapHBIX IIBOB B 00pa3nax,
WCTIBITAHHBIX Ha OTPBIB, 0€3 3a30pa (a) u ¢ 3a30pom (b)

Fig. 5. Sections of welded joints in pull-out test specimens,
without gap (a) and with gap (b)

UcnpiTanust 00pa3iioB IpOBOIMINCE B HAYYHO-
HCCIIEOBATEILCKON TabopaTopuu OETOHA U CTPO-
urenbHbIXx MaTepuaioB BHTY Ha yHuBepcanbHOU
ruapaBindeckoir mMammae WAW-1000 (puc. 6)
¢ nuama3oHoM wu3Mepenus Harpys3ku 1000 xH
(cBugerennscTBO 0 Kamubposke benl UM BY 01
Ne 1402-47 no 12.12.2019).

- s
—

Puc. 6. cnbrranne obpasna Ha Mamuae WAW-1000
Fig. 6. Specimen testing on WAW-1000 machine

Pe3yabTaTthl ucciaegoBanui

OcMOTp MIIOCKOCTEN cpe3a CBapHBIX IIBOB IO-
Ka3aj, 4TO B CBApHBIX LIBaX 0€3 3a30pa IUIOCKOCTb
cpe3a NPOXOAWia IO HAIUIABICHHOMY MeETajlly,
B TO BpeMs KakK B CBApHBIX IIIBaX C 3a30pOM — II0
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TPaHUIIE CILIABICHUS OCHOBHOTO W HAIUIABJICHHOTO
MeTaiioB (puc. 4, 5).

[lpu 00paboTKe pe3yNbTATOB SKCIICPUMEHTA
JUISL COTIOCTABIICHUS HECYIIUX CHOCOOHOCTEH WHC-
TOJIE30BAIICH YCPEIHCHHBIC 3HAUeHUs KarteTa (Kp),
KOTOpBIC ONPEACISINCh KakK JJsl CBapHOTO IIIBa
¢ onuHakoBbIMH KaTeTtamu (K = Kp) n3 ycnosus
paBEHCTBA BBICOTHI TPEYTOJNbHHKA ¢ Kareramu Kj
1 Ky, ¥ BBICOTBI PABHOCTOPOHHETO TPEYTOJIbHHKA
¢ Kjp. 3HaueHus (aKTHUECKUX M YCPEIHEHHBIX
KaTeTOB MPUBECHHI B Ta0. 1, 2, rie o0pasibl 0e3
3a3opa o0o3HaueHsl M1, M2, M5 u M6, a ¢ 3a30-
pom — M3, M4, M7 u MS8. B tabm. 1, 2 h —
3TO TiyOuHa mporuiaBieHus. CieayeT OTMETHUTh,
Y9TO TTyOMHA TPOIUIABJICHHS HE ObLIa TTOCTOSTHHOM
BIIOJIb CBapHOTO mBa. B Tabm. 1, 2 mpuBeneHBI
CpeIHHUE 3HAUCHUS 3TOTO MapaMerpa.

Tabnuya 1
I'eoMeTpuYecKHe U MeXaHHYECKHE
XapaKTepPHCTHKH 00PA310B, HCIBITAHHBIX HA CABUT

Geometric and mechanical characteristics
of shear test specimens

OGpa_ Kf13 K/Za cha 6> h, N’
: ’ NIK,
3e1] MM | MM | MM | MM | MM | KH

Ml | 43|40 | 41| 0 | 1,7 |192,0]46,80(0,410
M2 | 50| 47|48 | 0 | 1,7 |192,5]40,10/0,354
M3 | 44|57 |50 25| 3,0 |149,8]29,900,600
M4 | 45|56 |51 |29 |28 |1533]30,060,550

hK,

cp

Tabnuya 2
T'eoMeTpHYecKHe H MEXaHHYECKHE
XapaKTePHCTHKH 00Pa310B, HCNBITAHHBIX HA OTPHIB

Geometric and mechanical characteristics
of pull-out test specimens

O6pa_ K/l: Kst chs 6, MM h, MM Na
3e1] MM | MM | MM xkH

M5 | 54|35 (415 0 | 1,6 |205,0] 49,4 |0,385
M6 | 3,0 |27 284 0 | 1,2 |1444] 50,8 |0,422
M7 | 84 | 55 [650]| 29 | 3,0 |217,0] 33,5 |0,460
M8 | 50 | 40 [442] 21 | 2,0 |166,5] 37,6 |0,450

NIK| WK,

Y4uThIBas HEOAWHAKOBOCTh O0OBEMOB HAILIAB-
JICHHOTO METajula, COIMOCTABIIEHHE HECYIIUX CITO-
cOoOHOCTEH MPOW3BENEHO B OTHOCHUTENBHBIX BEIH-
YUHAX B KWJIOHBIOTOHAX Ha MHJUTEMETp. B Tab. 1
NPUBEICHBl COMOCTABICHUS HECYIMX CIOCOOHO-
CTe CBapHBIX IIBOB B COEAMHEHUAX, paboTaro-
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MX Ha CABUT. /{711 cCBapHBIX LIBOB C 3a30pOM, HC-
IIbITAHHBIX Ha CABHUI, OTHOCHUTCJIbHAsA HECyIlasA
CrocoOHOCTh okazanack B 1,34-1,56 paza MeHb-
e HecyIed CHnocoOHOCTH CBapHBIX IIBOB 0€3
3a3opa.

Jis cBapHBIX MIBOB C 3a30pOM, HCIIBITAHHBIX
Ha OTPHIB, OTHOCHUTEIbHAS HECyIas CIIOCOOHOCTH
okasanack B 1,35-1,47 pa3a MeHBIIIE OTHOCHUTEb-
HOW Hecylled CIOCOOHOCTH CBapHBIX IIBOB 0e3
3a3opa. Cieayer OTMETHTh, UYTO CHIDKCHHE HECy-
el CIIOCOOHOCTH, BBI3BAHHOE 3a30pOM, HE SIBIISI-
€TCsl TPSMO TPOMOPIUOHATBHBIM. JTO 00YCIOB-
JIEHO TeM, YTO TpPH HAJMYWH 3a30pa HECKOJIBKO
YBENWYUIIACH TUIyOWHA TMPOIUIABICHUS: IS CBap-
HBIX IBOB 0e3 3a30pa oHa coctaBmwia 1,4—1,7 mwm,
a ¢ 3a3opoM 2-3 MM. OTHOCHTEITHHOE 3HAUYCHHE
riyOunsl npornasnenus (h/K,) a1 odpasios 6e3
3a3opa 0,36-0,49, a ¢ 3a3opom 0,45-0,57.

AHanUTHYECKH 3aBUCHMOCTh HECYIIeH cro-
COOHOCTH CBapHOTO COCIMHCHHUS C y4ETOM 3a30pa
MEX]y COCIUHSEMBIMU 3JIEMEHTaMHU MOXET OBITh
MIPEICTaBIIEHA CIEAYIONINM BBIPAKEHHEM:

N=N, [1—(5/1(@)2}, 2)

rae Ny — Hecymas cnocoOHOCTh CBapHOTO COEAU-
HEHUS IIPHU OTCYTCTBHUH 3a30pa.

Breipaxenue (2) oOecneunBaeT JOCTATOYHO
BBICOKYIO TOYHOCTH (B mpenenax 5 %) mpu ompe-
JIEICHUN Hecylled CIOCOOHOCTH CBapHOTO CoOe-
IUHEHUS C 3a30pOM MEXIY COCIUHSIEMBIMHU dJie-
MEHTaMH.

BbIBO/IbI

1. 3a30pBI MEXIy COCAUHACMBIMU JICMCHTAMU
OKa3bIBAIOT CYIIECTBEHHOEC OTPUIIATEIHHOE BIIUS-
HHUE Ha HECYIIYIO CITOCOOHOCTh CBapHOTO 1mBa. He-
cyliasi crocoOHOCTh, MPUXOSIIascs Ha 1| MM Ka-
TETa CBapHOIO I1IBa, B 00pa3nax ¢ 3a30poM OKaza-
nmace Ha 36-24 % wmeHpine, yeM B oOpa3max 0e3
3a3opa.

2. B oOpasmax 0e3 3a30pa IUIOCKOCTH cpes3a
MIPOXOJUIIM TOJIBKO MO HAIUIABJICHHOMY METaJLTy
CBapHOTO IIIBA.

3. B o0Opasmax ¢ 3a30poM IUIOCKOCTH cpe3a
MPOXOIWIIN JTUIIb M0 MPAHUIIE CIIIABICHUS OCHOB-
HOTO ¥ HAIUIABJIEHHOTO METAJIIOB.
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4. Ha ocHOBaHWY MPOBEIACHHBIX UCCICAOBAHUMA
peKOMeHIyeTcs KaTeThl CBAapHBIX IIIBOB, BBIYHC-
neHHsle o Gopmynam [1, 2], yBennunBaTh Ha 3Ha-
4yeHue 3a30pa, gonyckaemoro no 'OCTawm [3-8]:

K, 2N/B R, +06 K,=N/B.IR, +3 (3)

5. Jlannas pekomennarus ogoopera IIHUNCK
umenn Kyueperko — paspaGorunkom CHull 11-23-81"
u CI116.13330.2017 (mucemo ot 15.08.2019 Ne3-1124)
u cootBeTcTBYeT TpeboBanusim [ OCT 23118-2012 [9].
VBenuueHne KaTeTra Ha 3HAYEHHE JOIMYCKAaeMOIo
3a30pa cleyeT npelycMaTpuBaTh MpH pa3paboTKe
pabounx ueptexeit B craguu KM, Ttak kak B cTa-
muu KM]I BHOCHTH M3MEHEHHUS B pabOdHid TIPOEKT
MOJKHO TOJIBKO C COIJIacHsl OpraHU3allMu — pas3pa-
6otunka yeptexxeit KM (1. 4.3 [10]).

6. OueBHIHO, YTO YBETUYEHHUE KaTeTa CIeAyeT
MIpeIyCMaTpUBaTh, €CJIM B MPOLIECCE U3TOTOBIEHUS
CTaJIbHBIX KOHCTPYKIUI HE NpeJCTaBseTCs BO3-
MOXHBIM TapaHTHPOBAHHO HCKIIOYUTH IOSIBIIE-
HHE 3a30pOB MEXKAY COEAMHSIEMBIMH 3JIEMEHTAMH.
Ilpu 3TOM nNpUBENEHHOE IMPABUIO IOJDKHO OBITH
BHECEHO B HOPMATUBHbBIE JOKYMEHTHI 10 IIPOEKTH-
POBAHHUIO CTAITBHBIX KOHCTPYKIIHHA.
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