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AHHOTAUUA

BBepeHue. B HopMaTuBHOM MeETOAUKE pacyeTa COeAMHEHWUI CTarnbHbIX 3MEMEHTOB Ha BbICOKOMPOYHbIX GONTax OCHOBHOE
BMUsIHWE Ha HeCyLLyto CNOoCOBHOCTb COEAMHEHNS OKa3bIBaeT yCunme HaTshkeHns 6onta n KoadULMEHT TPEHUS, MPU 3TOM
LUIMPUHA COEAMHSIEMbIX NMACTVH He YYUTbIBAETCS, HOPMaMy perfiaMeHTUpyeTCst Lar paccTaHoBku 6onToB. MNocTaBneHa
3ajava onpefeneHns BNUSHUS WUMPWHbBI CTarnbHbIX NNAcTVH Ha HeCYyLy CNocoBHOCTb coedMHeHNs nakerta. [ns artoro
W3rOTOBMEHO HECKOMbKO CTbIKOBbIX COEAMHEHUI NMACTUH C ABYCTOPOHHMMMW HaKNagkamu u3 ropsiyekataHomn ctanu Mmapku
Ct3cn5 no MOCT 19903—-2015. OgHa m3 CTbIKyeMbIX NNacTUH U3roTOBMEHa PasfNYHOM LLUMPUHBI U KPENUTCst ogHUM BonTom
Tak, YTOObl B 3TOM CEYEHUM MPOU3OLLIIO UCHEPNaHNe HecyLeln cnocobHocTw. MNMocne Yero coegmMHeHne pacTarMBaeTcs u 4o-
BOAMTCS [0 NPenenbHOro COCTOSIHWUS Ha paspbiBHON MaLUVHE.

MaTepuanbl 1 MeToAbl. BbiNnonHeHO LecTb KOMNEKTOB PPUKLIMOHHOTO COEANHEHUSI C ABYCTOPOHHEN HaKMaaKow Ha Bbl-
COKOMPOYHbIX BonTax ¢ pasnuyHON LUMPUHON nccnegyemMon cTbikyemon nnactuHel — 50; 60; 70; 80; 90; 100 mm. NnactuHbl
COE[MHEHbI BbICOKOMPOYHbIM BonTokomnnekToM knacca npoyHoctv 10.9 pasmepa M14. MoBepxHOCTb NnacTuH obpaboTaHa
NecKOCTPyNHOWM 06paboTkon. [ANs BbISBNEHWS yCMNMSA CABMra NakeTa ucrnonb3oBanach pas3pbiBHas malmHa Instron 1000HDX.
Pesynbratbl. OnpegeneHa HecyLasi CnocobHOCTb COeAVHEHWI C Pa3NNYHOW LUMPUHOWM CThIKyeMbIX NAcTVH, BbINOMHEHO
CpaBHEHMWE MNOIyYEHHbIX Pe3ynbTaToB C PACHETHLIMU TEOPETUYECKUMUN 3HAYEHUSMWN HECYLLEN CMOCOBHOCTH, YCTaHOBEHDI
copma 1 pasmep nrowaaku TpeHns. Tpu obpasua Obinv 4oBEAEHbI 10 Pa3pyLUEHUS], BbISIBEHO, YTO pa3pyLUeHUe Npouc-
XOOWT B pesynbraTe ucyeprnaHus NpoYHOCTM MIAacTUH Ha pacTshKeHWe, a Takke BblKona nnacTuHbl B pesynbraTe CMSATUS
COEAUHSIEMbIX 3IEMEHTOB.

BbiBoAbl. YCTaHOBMNEHO, YTO pa3mep 30Hbl TPeHUs cocTaBnseT 2,1-2,3 auameTpa OTBEpCTUsi, HecyLlas CrnocoBHOCTb Co-
€OVHEHUST He 3aBUCUT OT LUMPUHbI 3NIEMEHTOB.
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ABSTRACT

Introduction. In the normative method of calculation of joints of steel elements on high-strength bolts, the main influence
on the bearing capacity of the joint is the bolt tension force and the friction coefficient, while the width of the plates to be
connected is not taken into account, normative documents regulate the bolt spacing. The task of determining the influence
of the width of steel plates on the load-bearing capacity of the connection elements was set. For this purpose, several butt
joints of plates with double-sided overlays made of hot-rolled steel grade St3sp5 according to GOST 19903-2015 were
manufactured. One of the butt plates is made of different widths and is fastened with one bolt so that the exhaustion of bear-
ing capacity occurs in this section. After that, the joint is stretched and brought to the limit state on a breaking machine.
Materials and methods. 6 sets of friction joint with double-sided overlay on high-strength bolts with different width
of the investigated butt plate — 50; 60; 70; 80; 90; 100 mm were made. The plates are connected by a high-strength bolt set
of strength class 10.9 of size M14. The surface of the plates was sandblasted. An Instron 1000HDX tensile testing machine
was used to determine the shear force.
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Results. The bearing capacity of joints with different widths of the plates to be joined was determined, the results obtained
were compared with the calculated theoretical values of bearing capacity, the shape and size of the friction area were de-
termined. Three specimens were brought to failure, it was revealed that failure occurs as a result of exhaustion of tensile
strength of the plates, as well as plate gouging as a result of buckling of the joined elements.

Conclusions. It was found that the size of the friction zone is 2.1-2.3 of the hole diameter, the bearing capacity of the joint

does not depend on the width of the elements.
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BBEJAEHUE

OnHUM H3 CTIOCOOOB COCAMHEHHS CTAIBHBIX 3JIe-
MCHTOB OTBETCTBCHHBIX KOHCTPYKIIUI1, B TOM YHUCIIC pa-
0OTaroUIMX 1M0J] BO3ACHCTBUEM JUHAMHYECKOW HArpys3-
KU, SIBJSIETCS] COEJMHEHHE Ha BHICOKOIIPOYHBIX OONTAX,
KOTJia Hecylasi CrlocOOHOCTh COeAMHEeHHsI obecreye-
Ha 3a CYET CUJIbI TPECHUA MCKIAY COCIUHACMBIMU I10-
BepxHocTsMHU [1]. Ha ocHOBe ncnbITaHui paboTHI CO-
€MHEHUI1 Ha BRICOKOTIPOYHBIX OONTAX, BBITOTHEHHBIX
B HMU moctoB JIMMNKT B 1957 1. mox pykoBOICTBOM
T.M. Borganosa, ObLIM 3aJI0)KEHBI OCHOBEI METOIMKH
MIPOCKTUPOBAHUS COCTMHEHUH Ha BRICOKOIIPOYHBIX 00I-
Tax [2]. YcTaHOBIEHO, YTO MPH 3HAYUTEIBHOM YCHIIUH
3aTSDKKH 00JITa BO3HUKACT CHIJIA TPCHUS MEKIY COCIIH-
HSIEMBIMH TTOBEPXHOCTSIMH, 3a CUET KOTOPO 1 odecrie-
YHMBAETCSl HECYIasi ClIOCOOHOCTH COEANHEHUSL.

Y4uuThIBask IUPOKHUN CIIEKTP YCIIOBUH paboOTHI 1M0-
}IO6HOFO TUIIa COC[[I/IHCHI/Iﬁ 1 OTBETCTBCHHOCTH BO3BO-
JIUMBbIX HECYIIMX KOHCTPYKIMWA, B HACTOSIIEE BpeMs
BBITIOJHSIOTCS MCCIICOBAHUS MO0 W3YYCHHUIO BIUSHUS
pa3nuYHBIX (PAKTOPOB HA PabOTy COCIMHEHUS.

Tak, aBTOpEI TPYIOB [3, 4] OIEHMIN BIHSHUE CTe-
TIEHU KOPPO3HOHHOTO M3HOCA IEMEHTOB Ha HECYIIYIO
CrocOOHOCTh COCAMHEHMS. BEITTOTHEHEI HCCIeOBaHHS
I10 OIPEAETICHUIO BIMSHUS TEMIIEPATyphI [ 5], MOBTOPHOM
Harpys3ki [0, 7], celicMudeckux Koiebanwuii [8], crmocoba
00paboTKK COCTUHSIEMBIX TIOBepXHOCTEH [9—11], TeXHO-
JIOTHH M Ka4eCTBA TMOITOTOBKU KOHTAKTHBIX TIOBEPXHO-
ctel [12] Ha HeCyIIy 0 CIIOCOOHOCTh COCIMHCHHSI.

B psiae paboT mpoBeACHBI UCIBITAHUS JCHCTBU-
TEJIBbHOI paboThl PPUKIMOHHBIX COCIMHEHUN HA (U-
3udeckoi mojienu [13—16], B TOM umcie 3a npeaenamMu
(PUKIIMOHHON YacTH paboThl coeuuenus [17].

Kpome ykazaHHBIX B HOpMax MPOEKTHPOBAHMUS,
MIpeIararoTCs pa3IMIHbIE CTIIOCOOBI OMPEIeIeHUs KO-

Puc. 1. Teopernueckast hopma TIIOMIATKH TPEHUS
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s dunmeHTa 3aKpyIHMBaHAS BEICOKOIIPOYHOTO O0NITO-
komruiekra [ 18, 19], B myOnukarwm [20] ycTaHaBIHBaeT-
cs1 K03(pPUIIMEHT 3aKpyIHBaHUs 0OJITA TIPU Pa3TUIHBIX
BHJIaX CMa3KH, a B uccnenoBannu [21] — xodddurm-
SHT 3aKpy4YUBAHUs MPHU YIAPHOU 3aTsHKKE OONTOBBIX
COEMHEHUM.

B npencrasienHolt crathe nocraieHa 3aada onpe-
JIEJICHUS pa3Mepa 30HbI TPEHUS MEKIY COCTUHICMBIMA
BBICOKOIIPOYHBIMHU OOJITAMHU TUIACTUHAMHU, MPEATIONa-
rasi, 9TO CYIIECTBYET IUIOMIAAs TPEHUS A, KOTopasi MO-
JKET PacHpeeNsIThCsl PABHOMEPHO BOKPYT OTBEPCTHS
¢ Gonrom.

Bru10 BRICKa3aHO MPEATIONOKEHHE, YTO MPH CTHI-
K€ CTAJIbHBIX TUIACTUH ¢ (PUKIIUOHHBIM MEXaHH3MOM
Ha HECYIIYIO CIIOCOOHOCTh MOKET OKa3bIBaTh BIIHSIHHC
[IMPUHA COCIMHICMBIX 3JIEMEHTOB. [ TIIacTHH pas-
JUYHOHN MUPUHBI OyIeT pa3lTuvHas TUIOMAas TPCHHUS,
COOTBETCTBEHHO, Y€M IIHPE MIACTUHBI, TEM BEPOSTHO
GompIe mIoaak TPEHUS U OOJbINe HECYIIas CIoco0-
HOCTh coenmHeHUsA. OXumaeTcs JTUHEHHAs 3aBUCH-
MOCTh MEXy IIUPUHON AIIEMEHTOB M HECYyIEH CIo-
CcOOHOCTBIO coenrHeHns. OYeBUIHO, YTO pa3Mep dTOH
TUTOIIAIKH TPCHHS JOJDKEH OBITH KOHEYCH, W IIPHU HC-
MBITAHUH TJIACTHH PA3IUYHON IMUPUHBI PABHOMEPHO
YBEJIMYHUBAIOIIANCS TPa(UK CTAaHET TOPU3OHTATBHBIM.

Jutst TOrO 4TOOBI OTIPENEHUTh pa3Mep d 30HBI Tpe-
Hust (puc. 1), Ucroabp3yeM IUIacTUHy 2 pa3iuyHOMN IIH-
puHbI (puc. 2).

MATEPUAJIBI U METO/JbI

Juist nccnenoBaHust ObIIIO M3TOTOBIEHO HIECTh
KOMIIICKTOB IIJTACTHH H3 ropﬂquaTaHoﬁ CTaJI1 MapKu
Cr3cmS mo 'OCT 19903-2015. JIBe mmacTuHsI (puc. 2,
JIEMEHTHI / ¥ 2) COSIMHSIINCH C TOMOIIBIO JIBYCTOPOH-
HUX HAKJIaJIOK Ha BBICOKOIIPOYHBIX 00JITOKOMILIEKTAX
muamerpa M14 u xnacca mpounoctu 10.9. Crocob co-
€JIMHEHHUs Ha JIBYCTOPOHHMX HaKJaJKaX YCIOXHSET
U yIOPOXKAET KOHCTPYKIIMIO, OJHAKO JaeT BO3ZMOKHOCTh
TIPUWJIOKHTH PACTATHUBAIOIIEE YCHIIHE YETKO MO OCH CHUM-
METPHH COEANHEHNs 0€3 BOSHUKHOBEHHsI M3rHOaronie-
ro MOMEHTa, KOTOPBI Obl BO3HUK B CJIy4ae UCIIOJb-
30BaHMA JBYX IJIACTHH, COCIUHEHHBIX OTHUM OOITOM
BHaxXJIECT. Bce ruiacTuHBI COEMHSIIOTCS] OIMHAKOBBIMU
6onTaMu, UMEIOIIMMHU OJMHAKOBBIN AuaMeTp OonTa,
KJIacC MPOYHOCTH M ycuiue HaTshkeHus. [losTomy,
JUISL TOTO YTOOBI YETKO 3a(pKCHPOBaTh MOMEHT CIABHIA
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Puc. 2. KoHCTpyKLHS HCCIIETyeMOT0 CTHIKOBOIO COETMHEHHS
CTaJIbHBIX IJIACTHH C JABYCTOPOHHUMH HaKJIaJKaMH: @ — CXe-
Ma COeIMHEHUs; b — OOLIUi BHT

IUTACTUH, HEOOXOUMO HCKIIIOUUTh U3 PabOThl OOJITHI
C MPOTHUBOIIOJIIOKHON CTOPOHBI coeluHeHus. /s Toro
4T00BI 00ECNeYnTh ¥ HAOMIOATh CIBUT OOJITa, B MHTE-
pecyromieil Hac mI0cKocTr 1—1 ObUT yCTaHOBIIEH OMH
00T, a ¢ Ipyroif CTOPOHBI CThIKa — JiBa OonTa (cede-
HUe 2-2), TaKMM 00pa3oM B 3TOM CEYEHHUH CO3/aeTCsl
3aBeIOMO Oolee MPOYHOE coenuHeHne (pHc. 2).

B kaxoM coeJlMHEHUH DJIEMEHT 2 M3TOTOBIICH
pazmuuHoi mupuHel — 50; 60; 70; 80; 90; 100 mm
(puc. 3).

[IpeaBapuTenbHO MIACTHHBI TOJIBEPIIIMCH TECKO-
CTpYHHOIT 00pabOoTKe U ObLIM CTSAHYTHI B IIAKET B TeUe-
HUE OJHUX CyTOK. Bricokompounbie 60T M 14 3aTs-
IMBAJINCh IMHAMOMETPUYECKUM KJIFOYOM Ha PacueTHOE
yCHIINE HATSKEHHS.

Taxxke B HaKJIaKax, B cedeHun 1—1, oTBepcTre nox
0OJIT BBIMOJHEHO OBaJIbHOU (hopMbI [ = 50 MM 1151 BO3-
MO>KHOCTH HIEpEMEIIEHUsI O0JITa U MCKITIOYEHHS €TO pa-
0OTBI Ha CPE3 M CMSITHE COEJIMHIEMBIX TIOBEPXHOCTEH.

Puc. 3. COopka nccinegyeMbIX MAKETOB C AIIEMEHTAMHU pa3-
JINYHOMN IIUPHUHBL

Puc. 4. cnbitanne 06pas3ioB Ha pacTsHKEHHE B Pa3pbIBHO
MalluHe

3areM COCIMHCHHBIC MAKEThI MIACTUH MOCICH0-
BaTEJIbHO YCTAHOBUJIM B Pa3pbIBHYIO MalluHy Instron
1000HDX naGoparopuu HCHBITAHUN CTPOHUTEITHHBIX
MaTepHuajIoB M3nenuil u KoHCTpykiuit HUY MI'CY
1 UCIIBITHIBAIM HA PACTSHKCHHE JI0 WCUYCPIAHUS HECy-
el CrmocoOHOCTH COSTMHEHUS 3a CUET CHII TPSHUS, T.C.
10 casura Oosra B ceuennn 1-1.

Tpu oOpasiia ObLTH JOBEICHBI IO pa3pyLIICHHUS dJIe-
MeHTOB. [Ipu 3TOM cTaBmIIack 3aj1a4a pa3pymTh IMCHHO
CTaJIbHBIC TTACTHHBI ¥ TOATOMY PACUCTHBIM ITyTEM TPH-
HAT OOJT MMEHHO TaKOTO JUAMETPA, YTOOBI UCKITIOUUTh
ero cpes. McnbiTarenbHas ycTaHOBKA TIOKa3aHa Ha puc. 4.

PE3YJIBTATHBI HCCIEJOBAHMUA

IIo pe3ynbraram HNpPOBEIECHHBIX UCIBITAHUN 3a-
MEpCHa MHpPHUHA YIYACTKOB TPCHUA MCKAY IJIACTUHAMU
(puc. 5), naHHbIe 3aMepoB MpezcTaBieHs! B Tad. 1. [To-
CKOJIBKY MMEETCsl IBE INIOCKOCTH TPEHHMS, TO 3aMEPEHO
JIBa y4yacTKa ¢ JIByX CTOPOH IIepeMeIaeMoi IIacTu-
HbI 2. Ha HUX BUIHBI y4acTKH MOBPEXIACHHS ITOBEPX-
HOCTH — OOpO3/IbI 3aMATHA U 3aUpbl cTaiu. [1o aTum
SPKO BBIPAKCHHBIM yYacTKaM U 3aMepseTCsl UpUHA
y4acTKa TPEHHSI.

[TockosbKy OTBEpCTHS clellaHbl OBaJIbHOM (op-
MBI, TO NE€pEMENICHHE TUIACTHH MTOCIIe UCUEPIIaHUsT CHIT
TPEHHUSI M UX CABHra MPOUCXOAWIO HAa 3HAYUTEIHHOM
paccTostHuM — 36 MM, 4TO [O3BOJIMIIO C(OPMHUPOBATH
Ha I1aCTUHaX BU3YaJIbHO Ha6n}0)1aeMHe Y4acCTKH Tpe-
HUSI C XapaKTepHbIMU Oopo3aamu. Pazymeercsi, ciox-
HO OIHO3HAYHO TPAKTOBATb, I7I€ HAYMHAIOTCS OOPO3MBI
Ha MeTaJlIe, IPH 3TOM BO3MO)KHA ITOTPELIHOCTE B 1 MM,
T.e. 1/15d otBepcrus. [Ipencrapnsercs, 9To Takast HeTOU-
HOCTb BCE K€ TIOMOXKET CO31aTh OOIIYI0 KapTUHY 1 BbIBE-
CTH HEKOTOpBIE 3aBUCUMOCTH. HecMOTpst Ha TO 4TO BCe
00pa31pl ObUTN BBITIOIHEHBI U3 OHOM CTaJH, T.€. IPOU-
HOCTb U TBEPJOCTh y HHUX JOJDKHA OBITH OJIMHAKOBOM,
BUJIHO, YTO NIIyOMHA PUCOK U 00031 MOXKET OBITH pa3-
JIMYHOM, OT eJic 3aMETHBIX Kak Ha oOpasie Ne 4 (puc. 5)
10 TITyOOKUX phITBUH Ha oOpasie Ne 1 u 6 (puc. 6).
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Puc. 5. [Inonragky TpeHUs Ha IIacTHHAX oOpasna Ne 4

B mepcrnexTrBe cunTaeM WHTEPECHBIM CPAaBHUTH
pasMep 00pO31 U COOTBETCTBEHHO HECYIYIO CIIO-
COOHOCTH COEMHEHHS /ISl pa3IMYHBIX KJIACCOB CTa-
J1 — MaJIOy[JIEPOJUCTON U BBICOKOJIETMPOBAHHOM.
C otHO¥ CTOPOHBI, YEM IIPOYHEE CTajb, TEM CIIOKHEE
COpBaTh «3arenb» B «00po3maax», ¢ IPyroil CTOPOHEL,
€CJIM CTallb OYeHb NMPOYHAsi U TBEpHas, TO, BO3ZMOXK-
HO, OHa BooOmmIe He OyAeT HeIIAThCA OpyT 3a ApyTa
WJIM CKaJIBIBAaThCS IO XpynkoMmy Tumy. ITockonbky uc-
CJICIOBAHHBIC TUIACTHHBI BBIMIOJIHCHBI U3 BS3KOH cTa-
U CO 3HAYUTEIHHBIM OTHOCHUTEIBHBIM YIJINHEHHUEM
(o ceprudukary) 33 %, BO3MOKHO, UMCHHO TIOTOMY
c(hopMHUPOBATICH TAKHE YETKUE U 3aMETHBIC OOPO3IHI.

U3 pe3ynbraToB, IpeACTaBICHHBIX B Ta0. 1, BUI-
HO, YTO y BCeX 00pasloB MIMPHHA IJIOMIAKH TPCHUS
6muska (ot 31 mo 33,5 mm) u omtugaercst Ha 7—-8 %.

Jlasee BBIIIOJIHEHA OLIEHKA YCHIIMS C/IBUTA, TIPH KO-
TOPOM TTPOU3OIIIO UCUEPIIAHNE HECYIIIEH CIIOCOOHOCTH
COCAMHCHUA 3a CUYCT CUJIbI TPEHUA U CABUI IJIACTHH.
[Tonmy4yeHHBIEC Pe3yabTaThI IPUBEICHBI B Ta0M. 2.

Jliist cpaBHEHUsI BRIUMCIICHA TEOPETHYECKast HeCy-
masi CocoOHOCTh COEANHEHHUS C ABYMS IUIOCKOCTSIMU
TPEHHS U TECKOCTPYHHBIM CrIocoO60M 00padoTKH, OTH-
CaHHBIM B HOPMATUBHOM JIOKyMeHTaIuu'.

W3 pesynbraToB UCHbITAaHUNE 00pa3OB CIEIYeT,
4TO (haKTHUECKask HECyIIas CIOCOOHOCTh COCAMHCHHS
OKazayiach pa3IMyHOM ISl MJIACTUH C Pa3HOM LIMpHU-
HOH, 4TO CBUJIETEILCTBYET O TOM, YTO LIMPHUHA TIACTHH
HE BIUSAET HE HECYIIYIO CIIOCOOHOCTH 0ONTa, TIOCKOTIh-

' CII 16.13330.2011. Cransusle koHcTpykuuu. 2011, 173 c.

Ta6.. 1. [lIupuHa 30HBI TPEHUS C IBYX CTOPOH IIACTHHBI

Ky JMaMeTp IsTHA TPEHUs] MEHbILIE IIMPHHBI UCIIBITYE-
MBIX IUTACTUH U COCTaBNAET 2,1d ¢ pazbpocom 7-8 %.

TakuMm 00pa3om, MOXKHO CAENATh BBIBOJ, YTO Pa-
JUyC 30HBI TpeHus cocrasiser 2,0 auaMerpa oTBep-
CTHS ¥ HE 3aBHUCHT OT pa3Mepa COCTUHAEMbIX TUIaCTHH.
Y4acTku TpeHHss MO)KHO BU3yaJIbHO HaOJIoaTh Ha 00-
pasuax (puc. 5).

B HOpMax mpoeKkTHpoBaHUs yKa3zaHbl KOHCTPYK-
TUBHBIE TPEOOBAHUS 110 pACCTAHOBKE OOJITOB B COE/IH-
HEHHUH, B KOTOPBIX YKa3aHO, YTO MHHHUMAJILHOE pac-
CTOSIHNE MEX/y LICHTPAMHU OTBEPCTUI OOITOB TOIKHO
OwbITh He MeHee 2,5d . JlaHHO€e pacCTOAHME COOTBET-
CTBYET AMAMETpY IIATHA KOHTaKTa. Ha pucyHkax Mox-
HO HaOJIOAATh 30Hy KOHTAKTa KPYIJIOH (DOPMBI.

B nporiecce npoBeaeHus nccaenoBaHus Tpu oopas-
11a OBUTH TOBEJICHBI JI0 pa3pyLICHUs, T.C. IPH IepeMele-
HUH TJIACTUH OONT BBIOPA YEPHOTY OBAIBHOTO OTBEP-
CTHSA M CTaJ padoTaTh M0 IPUHIIUITY OOBIYHOTO O0MTa.

Jo pa3pymenus ObutH HOBeIeHBI 00pa3msl Ne 1,
5, 6 (puc. 6).

[Tocne nepemernieHust 601Ta Ha BCIO JJIMHY OBaJlb-
HOTO OTBEPCTHS OONT YIUPAeTCs B HAKIIAIKH U TTPU JalTb-
HEHIlIEM YBEJIMYEHUH Harpy3KU MOXKET IIPOU30UTH pas3py-
IIEHHE B pe3ysTare cpesa 00i1Ta, CMATHS COSIUHACMBIX
MOBEPXHOCTEH MM PACTKEHUS IUIACTHHBI IO 0CIa0-
JIEHHOMY CedeHHI0. PazpymieHne nepBoro odpasua mpo-
M30IIUIO TI0 OCH OTBEPCTHSI OT HOPMAITbHBIX HAIPSHKCHUH
1o ocabneHHoMy cedeHnto. [1sToro n mecroro — B pe-
3YIBTATE CMSTHS COSANHSEMBIX TOBEPXHOCTEH.

IIpu mpoBeneHun 3KCIepUMEeHTa ONPEAETICHO YCU-
JIe, IpU KOTOPOM MPOU30IILIO Pa3pylleHUe MaKeTa Ia-
CTHH, pe3yJIBTaThl MpeIcTaBIeHbI B Ta0I. 3. Taroke Bbrdmc-
JIeHa HECyIIasi CIIOCOOHOCTh COSIMHEHMS Ha PacTsHKCHUE
TUTACTHH ¥ CMSITHE COSMHACMBIX TIOBepXHOCTEH (Taom. 3).

Teopernueckyn Bce MIACTHHBI TOIKHBI Pa3pyIIHTh-
Csl OT CMSITHUSI COCJIUHSEMBIX TTOBEPXHOCTEH, ITOCKOJIBKY
HecyIiasl CllocoOHOCTh Ha pacTshkeHue (0e3 yuera KoH-
LCHTPAIUK HAMPSDKCHUIA) TIPEBBIIIACT HECYIIYHO CIIOCO0-
HOCTb Ha CMSITHE COEMHSIEMbIX TOBEPXHOCTEH Np >N,

OpHako aKkTHYECKH B IEpBOM 00pasIie ¢ IMHIpH-
HOHU b = 50 MM IIPONCXOIUT pa3pylLICHUE B pe3ylIbTaTe
HOPMaJIBHBIX HANpPsDKEHUH 110 TUIONIA/IM HAUMEHBILETO
CEUEHHSI — OTBEPCTHIO B IUIACTUHE, YTO MOXKHO 00B-
SICHUTH BIMSIHUEM KOHIIGHTPALMU HaNpPSHKCHUH Yy OT-
BEPCTHSL.

O6paszen Juametp [Mupuna Tupuna o61acTy TPEHUs, MM [upuna obnacTy TpeHUs

OTBEPCTHSI, MM IUTACTHHBI, MM OT OCH OTBEPCTHSI, MM

1 15 50 31732 —2,1d, 15/17 mm ~ 1d,|

2 15 60 33/34 —2,27d, 16,5/17 mm ~ 1d,

3 15 70 32,5/32—2,17d, 16,5/17 mm ~ 1,13d,

4 15 80 33,5/33,5—2,23d, 16,5/16,5 mm ~ 1,1d_

5 15 90 33,5/33 —2,17d, 16,5/16,5 mm ~ 1,1d

6 15 100 32/32 —2,13d, 16/16 mm ~ 1,07d
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Puc. 6. Pazpymienue o0pasnoB npu pactsbkeHHH: @ — mmpuHa 50 Mm; b — mpunaa 90 Mm; ¢ — mmpuHa 100 Mm

Tao6ua. 2. Hecymiasi ciocOOHOCTD UCTIBITHIBAEMbBIX TTAKETOB TIACTHH

O6paszen | [llupuna mnactunsl, MM | Ycunue casura N, kH % Pacuernas Hecymast cnocoOHOCTB coequHenws, KH
1 50 69,53 100,00 69,368
2 60 83,51 120,10 69,368
3 70 102,15 146,91 69,368
4 80 86,68 124,66 69,368
5 90 71,30 102,54 69,368
6 100 75,93 109,20 69,368

Taou. 3. Hecymias ciocoOHOCTb COCAMHEHHUS TTOCIIE TIPEOIOTCHUS CUIIBI TPEHUS

PacueTHas BeIMYMHA Pa3pyILICHHS DaKTHYECKOE® yCHIIHE
Obpasen CMsATHE COCIUHSIEMBIX paspyimicHus, B paspymenns
. Pactsoxenne mmactunbl, KH H
nosepxHoctet, kH K

1 (b =50 mm) 40,7 49,35 69,5 Pactskenue
5 (b =90 mm) 40,7 105,75 713 Cuwsme

[IOBEPXHOCTEH
6 (b =100 mm) 40,7 119,85 75,9 Pactixenme-

CMATHE

Ob6pazen Ne 5 mmpunoir 90 MM paspymuics
OT CMSTHsI MOBEPXHOCTEH NMpHU ycuinuu, Ha 75 % mpe-
BBIIIAIOIEM PAacueTHOE, YTO MOKHO OOBSICHUTH 3ama-
COM Hecyllel CrocOOHOCTH, 3aJI0)KEHHBIM B METOJIE
pacdeTa 1Mo MpeaesbHBIM COCTOSHUAM. DTOT 00pasels
HE JOJDKEH OBUI pa3pyllaThesi OT PacTsKESHHS.

O6pazer Ne 6 paspymmes mpu yeumun N = 75,9 kH,
6m3kom ob6pasiry Ne 5 N = 71,3 kH, pasHuma B ycuiann
paspymeHus coctaBuia 6 %, 4To BIOJIHE yKJIa[bIBACTCS
B CTAaTHCTHUYECKHUI pazOpoc uccaenosanus. [Ipu aTom
XapakTep pa3pylIeHHst MOXKHO TPAaKTOBATh KaK CMEIIaH-
HBIH, TOCKOJIBKY Ha 00pasiie BUIHO, YTO TPEIINHA BO3-
HUKJIA 110 0CNIabJIEHHOMY CEYEHHIO U BBIpOCIa Ha He-
CKOJIbKO MHJUTUMETPOB Tonepek miactussl 1o 0,4d
OTBEPCTHS, T.€. pa3pylIeHHE HAYNHAIOCH KaK JUIsl pacTsi-
HYTOTO 2JIEMEHTa OT HOPMAJIbHBIX HAIPSHKEHHUH 110 TII0-
manu Herto. [lanbiie, BEpOsSTHO, TPEUIMHA 3aBs3Jia
(IOCKOJIBKY METaJll IIACTHHBI I1acTHYHbIH 6 = 30 %)
U TIOIIJIA B TOPEI[ MJIACTHUHBI, BHIKAIBIBASI OTBEPCTHS,

T.€. pa3pymICHNE TPOU30IILIO IO IPUHIIUITY CMSTHS CO-
€/IMHSIEMBIX TOBEPXHOCTEH.

PazymeeTcs, KOIMUYECTBA pa3pylICHHBIX TUIACTHH
HEI0CTaTOYHO, YTOOBl HAOpaTh JIOCTOBEPHYIO CTATH-
CTHKY U JIeJIaTh BBIBOABI [0 MEXAHUKE Pa3pyIICHHUS CO-
ennHeHus1. O4eBUIHO, YTO y3€T HAXOAUTCS B CIIOKHO-
HaIpsHKEHHOM COCTOSTHHH, TIPH 3TOM BIIUSIIOT (PaKTOPBI
KauecTBa CTaJIM, KOHLIEHTPALMH HaNpsHKeHUH, pa3opoc
MPOYHOCTH CTaJIM CaMHUX IIacTUH. B sro0om ciydae
ycuiie (pakTHYecKoil Hecylel criocoOHOCTH MPEBbI-
CHJIO PACYETHYIO HECYIIYIO CIIOCOOHOCTb.

3JAKJIIOYEHHUE U OBCYXJIEHHUE

B pesynpraTe mccienoBaHHS YCTAaHOBICHO,
YTO IJIOMIaAKa TPEHNUS (PPUKIMOHHOTO COCAMHECHUS
HUMeeT OuepTaHue B BUAE kpyra. JluaMeTp ydacTka Tpe-
HUsI ODHEHTHPOBOYHO cocTaisier 2,1-2,3d oTBepcrus,
TIPY 3TOM 30Ha TpeHus pacnpocrpansercs na 0,67d
OT Kpast OTBepCTHs. MUHUMAJILHO JOMYCTHMOE PaccTo-
SHHAE MEX]y IEHTpaMHu OTBepcTHs, ykazannoe B CII
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«Cranpuble koHCTPYKIMKU» [20], cocrasnser 2,5d , Ta-
KUM 00pa3oM, MPAKTUIECKH BECh MPOMEKYTOK MEKIY
0osiTaMy HCIIBITHIBACT TPEHUE. 30HA TPEHUS HE 3a(HK-
CHpPOBaHa Ha y4acTKEe MOBEPXHOCTH IIACTUHBI IIHUPH-

Hoii 0,2-0,4d..

Taxke yCTaHOBJIEHO, YTO IIMPHUHA IIJIOLAAKHU Tpe-
HUS HE 3aBUCHUT OT JIMHEHHBIX pa3MEepOB COSIUHIEMbIX
IJIACTHH, YTO IMOATBEP)KIACT IIPEICTABIICHUS, 3aJI0KEH-
Hble B (hOpMyITy OIpeieNeH s HeCyIlei ClIOCOOHOCTH
COEIMHEHUS Ha BBICOKOIPOYHBIX OONTaX.
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INTRODUCTION

One of the ways to connect steel elements
of critical structures, including those operating under
dynamic loading, is the connection on high-strength
bolts, when the load-bearing capacity of the connection
is ensured by the friction force between the connected
surfaces [1]. On the basis of tests of high-strength
bolted connections performed at the Research Institute
of Bridges of PGUPS in 1957 under the direction
of T.M. Bogdanov, the foundations of the design
methodology of high-strength bolted connections were
laid [2]. It has been established that at a significant
bolt tightening force there is a friction force between
the connected surfaces, which provides the load-bearing
capacity of the connection.

Given the wide range of operating conditions
of this type of joints and the responsibility of the load-
bearing structures being erected, studies are currently
being carried out to investigate the influence of various
factors on the performance of the joint.

Thus, the authors of works [3, 4] evaluated the in-
fluence of the degree of corrosion wear of elements

on the bearing capacity of the connection. Studies have
been carried out to determine the influence of tempera-
ture [5], repeated loading [6, 7], seismic vibrations [8],
the method of treatment of the surfaces to be joined [9—
11], the technology and quality of preparation of contact
surfaces [12] on the bearing capacity of the connection.

A number of works tested the actual performance
of friction joints on a physical model [13—16], including
beyond the frictional part of the joint performance [17].

In addition to those specified in the design stan-
dards, various methods were proposed to determine
the torque factor of a high strength bolt set [18, 19],
publication [20] establishes the bolt torque factor un-
der different types of lubrication and a research [21]
establishes the torque factor under impact tightening
of bolted connections.

In the presented paper, the problem of determining
the size of the friction area between high-strength
bolted plates being connected by high-strength bolts is
set, assuming that there is a friction area A that can be
distributed uniformly around the bolt hole.

67

(1G] L HOALIGG ‘bl NOL §oatecaqteuken



scionco o ruction: o) 14, Issue 1(51)

Andrey A. Vasilkin, Georgiy V. Zubkov, Sergey A. Prokaev, llya A. Vasilkin

It was suggested that when steel plates are joined
with a friction mechanism, the bearing capacity may be
influenced by the width of the elements to be joined.
Different widths of plates will have different friction
areas, so the wider the plates, the greater the friction area
and the greater the load carrying capacity of the joint
is likely to be. A linear relationship between the width
of the elements and the bearing capacity of the joint is
expected. Obviously, the size of this friction area must
be finite, and when plates of different widths are tested,
the uniformly increasing graph will become horizontal.

In order to determine the size d of the friction zone
(Fig. 1), we use a plate 2 of different widths (Fig. 2).

2 In
g
F F
1 2
a

Fig. 2. Design of the investigated butt joint of steel plates with
double-sided overlays: @ — connection scheme; b — general view

MATERIALS AND METHODS

Six sets of plates made of hot-rolled steel
of St3sp5 grade according to GOST 19903-2015 were
manufactured for the research. Two plates (Fig. 2,
elements / and 2) were connected using double-sided
overlaps on high-strength bolt sets of diameter M14
and strength class 10.9. The method of connection
on double-sided overlaps complicates and increases
the cost of the design, but it makes it possible to apply
a tensile force clearly along the axis of symmetry
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of the connection without causing a bending moment,
which would occur in the case of using two plates
connected by a single bolt overlap. All plates are
connected with the same bolts having the same bolt
diameter, strength class and tensile force. Therefore, in
order to clearly record the shear moment of the plates,
it is necessary to exclude the bolts on the opposite side
of the connection. In order to ensure and observe the bolt
shear, one bolt was installed in the plane of interest 1-1
and two bolts were installed on the other side of the joint
(section 2-2), thus creating a deliberately stronger joint
in this section (Fig. 2).

In each connection, the element 2 is made of differ-
ent widths — 50; 60; 70; 80; 90; 100 mm (Fig. 3).

The plates were sandblasted beforehand and
bundled for one day. High-strength M14 bolts were
tightened with a torque spanner to the design tension
force.

Also in the overlays, in section 1-1, the hole for
the bolt is made oval shape / = 50 mm for the possibility
of moving the bolt and excluding its work on shearing
and buckling of the connected surfaces.

Then the connected packets of plates were sequen-
tially installed in the Instron 1000HDX tensile testing
machine of the Laboratory of Testing of Building Ma-
terials, Products and Structures of the NRU MGSU and
tested in tension until the bearing capacity of the con-
nection was exhausted due to friction forces, i.e. until
the shear of the bolt in section 1-1.

Three specimens were brought to failure of elements.
In this case, the objective was to destroy the steel plates
and therefore a bolt of such a diameter was taken to
exclude its shearing. The test setup is shown in Fig. 4.

RESEARCH RESULTS

According to the results of the tests, the width
of the friction areas between the plates was measured
(Fig. 5), the measurement data are presented in Table 1.
Since there are two friction planes, two areas were
measured on both sides of the moving plate 2. They
show areas of surface damage — grooves of jamming

Fig. 3. Assembly of the investigated packages with elements
of different widths
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Fig. 4. Tensile testing of specimens in a tensile testing machine

and scoring of steel. The width of the friction area is
measured from these strongly marked areas.

Since the holes are made of oval shape, the move-
ment of plates after the exhaustion of friction forces and
their shear occurred at a considerable distance — 36
mm, which allowed to form visually observable fric-
tion areas with characteristic grooves on the plates.
Of course, it is difficult to interpret unambiguously
where the grooves begin on the metal, with a possible
error of 1 mm, i.e. 1/15d of the hole. It would appear
that such an inaccuracy would still help to create an
overall picture and derive some relationships. Despite
the fact that all specimens were made of the same steel,
i.e. their strength and hardness should be the same, it
can be seen that the depth of grooves and grooves can
be different, from barely visible as on specimen No. 4
(Fig. 5) to deep potholes on specimens No. 1 and 6
(Fig. 6).

In the long run, we find it interesting to compare
the size of the grooves and, consequently, the load-bearing
capacity of the joint for different classes of steel — low-
carbon and high-alloyed. On the one hand, the stronger
the steel, the more difficult it is to break off the “hooks”
in the “grooves”; on the other hand, if the steel is very
strong and hard, it is possible that it will not cling to each
other at all or will splinter by brittle type. Since the plates
examined are made of ductile steel with a significant
relative elongation (according to the certificate) of 33 %,

Table 1. Width of the friction zone on both sides of the plate

Fig. 5. Friction areas on the plates of specimen No. 4

this may be the reason why such clear and noticeable
grooves were formed.

From the results presented in Table 1, it can be
seen that all specimens have close (31 to 33.5 mm)
friction site widths and differ by 7-8 %.

Next, the shear force at which the bearing capacity
of the connection was exhausted due to the friction
force and plate shear was evaluated. The obtained
results are given in Table 2.

For comparison, the theoretical bearing capacity
of a joint with two friction planes and the sandblasting
treatment described in the normative documentation' was
calculated.

From the test results of the specimens it follows
that the actual bearing capacity of the connection turned
out to be different for plates with different widths, which
indicates that the width of the plates does not affect
the bearing capacity of the bolt, because the diameter
of the friction spot is smaller than the width of the tested
plates and is 2.1d with a spread of 7-8 %.

Thus, it can be concluded that the radius of the fri-
ction zone is 2.0 hole diameter and does not depend on
the size of the plates to be joined. The friction areas can be vi-
sually observed on the specimens (Fig. 5).

The design standards specify the design requi-
rements for bolt spacing in the connection, stating
that the minimum distance between bolt hole centres
must be at least 2.5d . This distance corresponds to

1'CP 16.13330.2011. Steel structures. 2011; 173.

Specimen Hole diameter, mm | Plate width, mm Width of friction area, mm Widtglgigli:t;zi?i;ﬁom
1 15 50 31/32—2.1d, 15/17 mm ~ 1d,
2 15 60 33/34 —2.27d, 16.5/17 mm ~ 1d,
3 15 70 32.5/32 —2.17d, 16.5/17 mm ~ 1.13d,
4 15 80 33.5/33.5 —2.23d, 16.5/16.5 mm ~ 1.1d,
5 15 90 33.5/33 —2.17d, 16.5/16.5 mm ~ 1.1d,
6 15 100 32/32 —2.13d, 16/16 mm ~ 1.07d,
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Table 2. Bearing capacity of tested plate packs

Specimen Plate width, mm Shear force N, kN % Design bearing capacity of the connection, kN
1 50 69.53 100.00 69.368
2 60 83.51 120.10 69.368
3 70 102.15 146.91 69.368
4 80 86.68 124.66 69.368
5 90 71.30 102.54 69.368
6 100 75.93 109.20 69.368

a b

Fig. 6. Tensile failure of specimens: a — width 50 mm; b — width 90 mm; ¢ — width 100 mm

the diameter of the contact patch. A circular shaped
contact area can be observed in the drawings.

During the course of the research, three specimens
were brought to failure, i.e., the bolt selected the black-
ness of the oval hole when the plates were moved and
began to work like a conventional bolt.

Specimens No. 1, 5, 6 were brought to failure
(Fig. 6).

After the bolt is moved the full length of the oval
hole, the bolt rests on the linings and further increases
in load may result in failure due to shearing of the bolt,
buckling of the connecting surfaces or stretching
of the plate at the weakened section. Failure of the first
specimen occurred along the axis of the hole from
normal stresses in the weakened section. The fifth
and sixth specimens failed as a result of buckling
of the mating surfaces.

During the experiment, the force at which the fail-
ure of the plate packet occurred was determined, the re-
sults are presented in Table 3. The load-bearing capac-

ity of the connection for plate tension and buckling
of the connected surfaces was also calculated (Table 3).

Theoretically, all plates should collapse from
buckling of the mating surfaces because the tensile
load carrying capacity (without considering stress
concentration) exceeds the buckling load carrying
capacity of the mating surfaces N, > N .

However, in fact, in the first specimen with a width
of b = 50 mm, failure occurs as a result of normal
stresses over the area of the smallest cross section —
the hole in the plate, which can be explained by
the influence of stress concentration at the hole.

Specimen No. 5 with a width of 90 mm failed by
buckling of the surfaces at a force 75 % higher than
the design force, which can be explained by the load-
bearing capacity reserve inherent in the limit state
calculation method. This specimen should not have
failed by tensile failure.

Specimen No. 6 fractured at a force N = 75.9 kN,
close to specimen No. 5 N = 71.3 kN, the difference
in fracture force was 6 %, which is well within

Table 3. Bearing capacity of the joint after overcoming the friction force

. Estimated fracture value Actual fracture force )
Specimen - — - > | Type of destruction
Buckling of surfaces to be joined, kN | Plate tension, kN kN
1 (b =50 mm) 40.7 49.35 69.5 Stretching
5 (b =90 mm) 40.7 105.75 71.3 Smoothing
of surfaces
6 (b =100 mm) 40.7 119.85 75.9 Stretch-buckling
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the statistical scatter of the research. At the same time,
the nature of the fracture can be interpreted as mixed,
since the specimen shows that the crack appeared along
the weakened section and grew a few millimetres across
the plate to 0.4d of the hole, i.e. the fracture began as
for a tensile element from normal stresses across the net
area. Then, probably, the crack got stuck (since the plate
metal is ductile 6 = 30 %) and went to the plate end,
poking out the holes, i.e. the fracture occurred according
to the principle of buckling of the connected surfaces.

Of course, the number of fractured plates is not
sufficient to obtain reliable statistics and draw conclu-
sions on the fracture mechanics of the joint. It is ob-
vious that the assembly is in a complex stressed state,
with factors of steel quality, stress concentration, and
variation in the steel strength of the plates themselves.
In any case, the force of the actual load carrying capac-
ity exceeded the design load carrying capacity.

CONCLUSION AND DISCUSSION

As a result of the research it is established that
the friction area of the friction joint has an outline in
the form of a circle. The diameter of the friction area
is approximately 2.1-2.3d of the hole, with the friction
zone extending to 0.67d, from the edge of the hole.
The minimum permissible distance between the centres
of the hole, as specified in CP “Steel Structures” [20] is
2.5d , thus almost the entire bolt spacing experiences
friction. The friction zone is not fixed on the surface
area of the plate with a width of 0.2-0.44 .

slt is also established that the width of the friction
area does not depend on the linear dimensions
of the plates to be connected, which confirms the ideas
inherent in the formula for determining the bearing
capacity of the connection on high-strength bolts.

REFERENCES

1. Tussnin A.R., Tikhonov S.M., Alekhin V.N.,
Belyaeva Z.V., Kudryavtsev S.V., Rybakov V.A., Naz-
meeva T.V. et al. Design of steel structures. Part 1.
Steel constructions. Materials and basic designing :
handbook. Moscow, Pero Publishing House, 2020; 468.
EDN BQNCPS. (rus.).

2. Bogdanov T.M. Connections of metal structures
on high-strength bolts. Moscow, Transzheldorizdat,
1963; 112. (rus.).

3. Jiang C., Xiong W., Cai C.S., Zhu Y., Liu Z. Ex-
perimental study on the shear behavior of friction
connections with corrosion damage. Journal of Con-
structional Steel Research. 2022; 197:107449. DOI:
10.1016/j.jcsr.2022.107449

4. Katanina A.G., Shuvalov A.N., Kornev O.A.,
Sokolova E.V. Corrosion influence on properties
of friction bolted joint of 6082-T6 alloy sheets. News
of Higher Educational Institutions. Construction. 2022;
8(764):102-118. DOI: 10.32683/0536-1052-2022-764-
8-102-118. EDN WSYRQK. (rus.).

5. Xie R., Golondrino J.C., MacRae G.A., Clif-
ton G.C. Braced frame symmetrical and asymmetrical
friction connection performance. Key Engineering Ma-
terials. 2018; 763:216-223. DOI: 10.4028/www.scien-
tific.net/KEM.763.216

6. Aloisio A., Contento A., Boggian F., Toma-
si R. Probabilistic friction model for aluminium—steel
Asymmetric Friction Connections (AFC). Engineering
Structures. 2023; 274:115159. DOI: 10.1016/j.eng-
struct.2022.115159

7. Ferjaoui A., Yue T., Wahab M.A., Hojjati-Tale-
mi R. Prediction of fretting fatigue crack initiation in dou-
ble lap bolted joint using Continuum Damage Mechan-
ics. International Journal of Fatigue. 2015; 73:66-76.
DOI: 10.1016/j.ijfatigue.2014.11.012

8. Yan Z., Bagheri H., Ramhormozian S., Clif-
ton G.C., Rangwani K., Dhakal R.P. et al. Three-storey
configurable steel framed building incorporating friction
based energy dissipaters: Structural configuration and
instrumentation. New Zealand Society for Earthquake
Engineering Annual Technical. 2021.

9. Martynov G.V.,Monastyreva D.E., Makarov A.L,
Morina E.A. Stress-strain state of friction joints with
laser treatment of contact surfaces. Vestnik MGSU [Pro-
ceedings of Moscow State University of Civil Engi-
neering]. 2019; 14:1:72-82. DOI: 10.22227/1997-0935.
2019.1.72-82. EDN YWGLNR. (rus.).

10. Kovalenko A.I., Konin D.V., Nahvalnov P.V.,
Solovev D.V. Experimental study of the coefficient of fric-
tion in slip critical bolt joints. Structural Mechanics and
Analysis of Constructions. 2022; 4(303):61-67. DOI:
10.37538/0039-2383.2022.4.61.67. EDN FCXHVY. (rus.).

11. Vedyakov L.I., Konin D.V., Nahvalnov P.V.
Experimental study of friction bolted joints made of high-
strength steels. Industrial and Civil Engineering. 2022,
7:24-33. DOI: 10.33622/0869-7019.2022.07.24-33.
EDN NJLPIL. (rus.).

12. Solov’ev D.V., Konin D.V., Kovalenko A.I.,
Nakhval’nov P.V. Investigation of the work of joints
on high-strength bolts. International Construction Con-
gress. Science. Innovation. Goals. Construction. 2023;
202-205. DOI: 10.37538/2949-219X-2023-202-205.
EDN JVMDRM. (rus.).

13. Semenov A.A., Malyarenko A.A., Porivaev LA.,
Safiullin M.N. Stress-strain behavior investigation of fric-
tion grip bolts in flange joints of trusses. Magazine of Civil
Engineering. 2014; 5(49):54-62. DOI: 10.5862/MCE.49.6.
EDN SKHSCI. (rus.).

14. Solodov N.V. Strength and deformability when
crumpled in a bolted joint. Bulletin of Belgorod State Tech-

71

(1G] L 9NSS] ‘Y1 'IOA !:I':,!;:ﬂll:{ls!“lgl; 29u913§



scionco o ruction: o) 14, Issue 1(51)

Andrey A. Vasilkin, Georgiy V. Zubkov, Sergey A. Prokaev, llya A. Vasilkin

nological University named after. V.G. Shukhov. 2017,
1:82-87. DOI: 10.12737/23889. EDN XHLEJP. (rus.).

15. Ramhormozian S., Clifton G.C., Bergen B., Whi-
te M., Macrae G.A. An experimental study on the Asym-
metric Friction Connection (AFC) optimum installed
bolt tension. NZSEE Annual Technical Conference and
15th World Conference on Seismic Isolation, Energy
Dissipation and Active Vibration Control of Structures.
2017.

16. Cui Y., Yan Z., Wang X., Wang T. Experi-
mental studies on slip friction device using symmetric
friction connections. Structures. 2022; 44:1886-1897.
DOI: 10.1016/j.istruc.2022.09.005

17. Zajarnjj S.L., Gubanov Ja.V., Dem’janov D.V.
Investigation of the mechanism of destruction of the fric-
tion bolt connection. Problems of research of systems
and means of motor transport. 2017; 327-330. EDN
YQIKHD.

Received September 20, 2023.
Adopted in revised form on December 11, 2023.
Approved for publication on December 12, 2023.

18. Vasilkin A.A., Akhmetzyanov R.M. Identifi-
cation of the torsion coefficient of bolts in slip-critical
connections. Vestnik MGSU [Monthly Journal on Con-
struction and Architecture]. 2023; 18(3):379-390. DOI:
10.22227/19970935.2023.3.379-390 (rus.).

19. Vasilkin A., Akhmetzyanov R., Zubkov G.,
Vasilkin I. Experimental determination of the tightening
coefficient of bolts according to the din standard. E3S
Web of Conferences. 2023; 389:01080. DOI: 10.1051/
e3sconf/202338901080

20. Mascenik J., Coranic T. Experimental deter-
mination of the coefficient of friction on a screw joint.
Applied Sciences. 2022; 12(23):11987. DOI: 10.3390/
app122311987

21. Wettstein A., Matthiesen S. Investigation of
the thread coefficient of friction when impact tighten-
ing bolted joints. Forschung im Ingenieurwesen. 2020;
84(1):55-63. DOI: 10.1007/s10010-019-00392-z

72

BiroNoTES: Andrey A. Vasilkin — Candidate of Technical Sciences, Associate Professor, Associate Professor
of the Department of Metal and Wooden Structures; Moscow State University of Civil Engineering (National
Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ID RSCI: 636406,
Scopus: 57192557109, ORCID: 0000-0003-0962-527X; vasilkinaa@mgsu.ru;

Georgiy V. Zubkov — postgraduate student of the Department of Metal and Wooden Structures; Moscow
State University of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow,
129337, Russian Federation; ORCID: 0000-0002-5474-510X; gronar363@gmail.com;

Sergey A. Prokaev — master of the Institute of Economics and Management, School of Management and
interdisciplinary researches; Ural Federal University named after the First President of Russia B.N. Yeltsin
(UrFU); 19 Mira st., Yekaterinburg, 620002, Russian Federation; sprokaev@gmail.com;

Ilya A. Vasilkin — student of the Institute of Hydraulic and Energy Construction; Moscow State University
of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian
Federation; olyailya86@mail.ru.

Contribution of the authors:

Andrey A. Vasilkin — scientific guidance, scientific editing of the text of the article.

Georgiy V. Zubkov — writing of the article, technical translation.

Sergey A. Prokaev — preparation of models, conducting an experiment, processing the results of the experiment.
Ilya A. Vasilkin — writing of the article, scientific editing of the text.

The authors declare that there is no conflict of interest.



