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Abstract. The article investigates the influence of partial stiffness of the hinge joint of single-
span and multi-span freely supported beams with lower structures on their stress-strain state under
the action of vertical evenly distributed load. Joints of freely supported beams under the action of
external load are opened on supports and mounting bolts interfere with their full opening, that is
joints work as partially rigid. Knowing some initial parameters of ideally hinged joints, it is
possible to establish what influence their change will have both on the calculation scheme of
beams, and on calculation schemes of cross frames of frameworks of buildings and constructions,
to which they enter, as a whole. The method of initial parameters was used to determine the
influence of the resistance of the mounting bolts on the opening of the support joints on the stress
state of the elements. The offered technique allows to define real rigidity of any bolted hinge
connection taking into account its actual work and to adjust it stiffnesst by changing the diameter
of the bolts, the strength of the material from which they are made, their number, distance between
them, as well as use additional material resource by reducing the maximum stresses in the
calculated cross sections. This is especially true of elements made of perforated profiles, because
the change of stress-strain state in the support zones will cause redistribution of stresses in the
calculated points of their cross sections, both on the supports and in the span of the beams. This
must be taken into account by including certain coefficients in the calculation formulas, depending
on the specific operating conditions.
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Introduction. The design of buildings and structures for any purpose
begins with the development of a spatial planning solution, due to the specified
in the design task certain technological or functional requirements. Based on
this decision, the basic dimensions and structural schemes of load-bearing
structures, including the schemes of nodal joints, which can be made using
assembly welding or joining bolts, are adopted in the first place. The presence
of a carefully designed structural scheme allows us to make a design scheme of
a single structure or frame as a whole, which takes into account the effect on
the building of all external, both concentrated and evenly distributed loads.
The development of structural and design schemes must take into account the
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type of node connections of the elements and the purpose of certain boundary
conditions.

At present, in the current domestic and European design standards for steel
structures [1, 2] the boundary conditions of bolted and welded joints are
idealized, that is rigid, hinged fixed, hinged movable, etc., which does not fully
correspond the actual conditions of their work and structures in general. If we
consider single-span split and multi-span continuous beams, which rest on
certain supports (below are beams, columns, etc.) and fastened to them with
mounting bolts, then in calculations using an idealized calculation scheme,
such a connection is considered hinged and bolts perform only the functions of
beam retainer in the design position. In fact, under the action of external load
beams are bent and as a result of their deflection bolts are stretched and
interfere with free deformations on the supports, that is these supports become
partially rigid, which affects to the redistribution of forces along the length of
the beam, and, for example, rigid flange bolted connections, in turn, on the
contrary, work as partially hinged. Theoretical and experimental studies [3—11]
performed earlier, including by the authors of this work, confirm this.

From the correct consideration of the actual stiffness of the bolted joints
depends not only their load-bearing capacity and deformability, but also the
load-bearing capacity of the structural elements, connected in these nodes. In
particular, the authors as a result of tests of a steel perforated arch with a rigid
flange ridge node [3, 4, 5] found a significant difference in stresses calculated
theoretically and obtained experimentally, in cross sections near it (the
difference was 56.6% ... 67.1 %.), and the pliability of the hinged single-span
frame with rigid nodes [11] was 6% ... 10%.

This can be explained by the pliability of the flange bolted joint, which was
opened by the action in the node of bending moment and longitudinal force,
and in theoretical calculations, this connection was taken absolutely rigid. As a
result, the ridge node worked not as rigid, but partly hinged, and the actual
calculation scheme of the double-hinged arch was partly three-hinged, and
therefore the value of the bending moment in the node was less, than
calculated earlier, due to its pliability. Experimental and theoretical studies
[3, 5] found that the stiffness of the bolted connection was 0.412 compared to
the stiffness of the ideal flange connection taken as a unit. It was also found
that the rigidity of the node changes with the changing of parameters of its
details.. So, for example, with changing of diameter of a bolt from 10 to 24
mm rigidity changes accordingly from 0,412 to 0,897.

Purpose and Research Methods. The purpose of these studies is to
theoretically determine the actual stiffness of bolted joints of steel structures,
as well as to develop an effective method for determining the influence of
resistance of mounting bolts on the opening of hinged support units in
particular and their stiffness in general.

To achieve this purpose, the method of initial parameters, the method of
finite elements, implemented in the software package "Lira", as well as the
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results of numerous theoretical and experimental studies, performed by the
authors.

Main Results. To study the effect of the stiffness of the hinge assembly on
the stress-strain state of the elements, we can consider both single-span and
multi-span beams, which perceive the vertical load g evenly distributed in the

span (Fig. 1). Fastening of beams to the

lower constructions is accepted hinged q

according to the storey scheme of

beams connections. A B
Since the design position of the ) ! X

be_am .IS fixed by bolts, tenSﬂe_forceS Fig. 1. The calculation scheme of single-

arise in them due to the action of anan heam

external load ¢ on this beam and they
will interfere with the full opening of the support nodes, which, as a result, will
become partially rigid. Knowing some initial parameters of ideally hinged
nodes, it is possible to establish what influence their change will have both on
the calculation scheme of a beam, and on the calculation scheme of a frame or
a framework as a whole, and also on separate elements.

The calculanion scheme of the beam taking into account the actual stiffness
of the support nodes is presented in Fig. 2.

To determine the magnitude of the opening of the hinged nodes the method
of initial parameters is used

2 3
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whereis 6 ,; , y,; —the angle of rotation and deflection in the cross section of

the element under consideration; 6, y, — angle of rotation and deflection of
the element at the beginning of the system (initial parameters); M ;, F,;,q,; —
respectively concentrated moments, concentrated forces and the value of
evenly distributed load, which are applied to the structure; Xx; — the distance
from the beginning of the system to the cross section in which the deformation
is calculated; a;, a,, a3 — distances from the beginning of the system to the
points of application respectively of concentrated moments, concentrated
forces and to the

beginning of areas of M., q M
application of distributed

load; I — moment of 0.(60’) 0:(05)

inertia of the section; F —

modulus of elasticity of
steel. Fig. 2. The calculation scheme of the beam, taking into
account the partial stiffness of the support nodes
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Taking the initial
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parameters, namely that the deflections of the beams on the supports,
respectively in nodes 4 and B of the single-span beam or on all supports of the
multi-span continuous beam, are zero, using the right part of formula (1) and
taking the origin in node 4, you can determine the angle of rotation in the
idealized calculation scheme of the hinged node of the beam on the support.

3
EI0 ,=EI8, :q% . )

Since the fixative mounting bolt resists the opening of the support node,
which as a result becomes partially rigid, the angle of rotation in the node A
(see Fig. 2) can be determined from the formula

EIO = ﬁ—M L 3
A_qz Aza ()

where is M, — additional bending moment that occurs in node 4 due to the

resistance of the bolt to the opening of the node.

The change of the angle of rotation in node 4 due to the resistance of the
bolted connection is defined as the difference between the values of formulas
(2) and (3)

EI9 ,~E18,=M ;% 4)

That is, the value of reduction of the opening of the support node is directly
proportional to the value of the bending moment that occurs in the support part
of the beam, and vice versa, the value of the bending moment that occurs in the
support part of the beam is directly proportional to the value of reduction of
opening of the support node.

2(6,-0,)EI
2l »

The value of the actual opening of the hinged bolt node A, that is the value
of the angle of rotation 6',, can be determined by considering the calculation
scheme of the bolted joint in this node under the action of forces determined

by static calculation of the beam (Fig. 3). The same considerations can be
applied to the intermediate support of a multi-span beam (Fig. 4).

5

Fig. 3. Deformation of the supporting Fig. 4. Deformation of the support part
part of the single-span beam of the multi-span beam on the intermediate support
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The force in the stretched bolt under the action of evenly distributed load ¢
on the beam

q!
N bt =2_I’l s (6)
where is n — the number of bolts in the connection.

Elongation of the most stretched bolt

Ny )t
Aly= E”’E : (7

where is Zt — the sum of the thicknesses of the elements to be joined; 4, —

the cross-sectional area of the bolt.

The opening angle of the flange connection in the node, the elements of
which are the upper belt of the lower beam and the lower belt of the beam under
consideration, and accordingly the angle of rotation of the beam in this node is

\ Al
0, =arctg7” , ®)

Thus, considering the calculation scheme of support of the beam in the
node and determining the value of the opening angle of this connection, as
well as having the selected cross section of the elements, their length and the
initial opening angle of the support part, you can determine the value of
bending moment in the hinged support M ,, which occurs due to the limitation
of the opening of the node.

The ratio of the bending moment in the hinged support M , to the value of

the maximum bending moment M, =q/°/12 for an absolutely rigid node
M,
M

max
support due to stresses in the fixative bolt on the support, and the rigidity of the
node is

100% indicates on what percentage increases the stiffness of the hinged

M
k=—-H=— ©)]
Mmax
The magnitude of the dependence # in formula (5) is constant and

indicates, that the decrease of the value of the bending moment is directly
proportional to the magnitude of the decrease of the opening of the hinged bolted
joint, and also depends on the length of the element, its rigidity, location of bolts
in the connection, that is size x - the distance from the edge of the support of the
beam to the axis of the bolts in this connection (see Fig. 3).

In a beam on two supports under the action of evenly distributed load over
the entire span the greatest stresses occur in the cross section in the middle of the
beam length, and in multi-span continuous beams under the same load the place
of occurrence of the largest value of bending moment does not coincide with the
middle of the beam span. In any case, the support hinged nodes become partially
rigid, and the calculation scheme of the beam changes. As a result, the value of
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the maximum bending moment in the span changes and there is an additional
resource of the load-bearing capacity of the beam as a whole, which allows you
to more rationally design such elements.

Summary. The data obtained as a result of theoretical and experimental
studies [3, 4, 5, 11] showed that in determining the diameters of bolts in which
the values of tensile stresses are close to their calculated resistance R, and

which are located at the minimum distance from the edge of support according to
requirements [1], the effect of additional bending moment on the support is
almost absent. However, if you increase the diameter of the bolts, and,
accordingly, their cross-sectional area, it is possible to reduce the tensile stresses
in them to 0,5R, and, removing the bolts from the edge of the support, thus

limiting the free rotation of the support nodes, to achieve rigidity of the node
k=0,035...0,096 , which has a significant impact on the work of both the nodes

themselves and the elements connected in it.

It is theoretically established that in the presence of several such nodes in the
structure, its total stiffness increases by a magnitude equal to the sum of the
increase in stiffness of all nodes. The calculations allow us to state that, for
example, for a beam on two supports (see Fig. 1), where there are two hinged
nodes, the total stiffness depending on the geometric parameters of all elements
can increase by 7... 15%.

Since in beams with hinged supports, the cross sections in the span are
usually the most tense, taking into account the real stiffness of the hinged bolted
joints on the supports allows you to redistribute the force along the length of the
beam and more rationally perform its design. As a result, the stresses in the
calculated sections of the split beams near the nodes will increase slightly, which
makes the structure more rigid, but, at the same time, allows you to unload it as a
whole; in the continuous beam, the stresses on the extreme supports will increase
due to the increase in the stiffness of the nodes, and on the intermediate supports
will decrease due to the pliability of the bolts.

The refined calculations proposed by this method make it possible to
calculate the actual stresses in the sections, the maximum values of which are
less than those calculated by the traditional method, and as a result to obtain
material savings on one beam of about 3... 8%. This is especially true of
elements made of perforated profiles [3, 4, 5], because the change of stress-strain
state in the support zones will cause redistribution of stresses in the calculated
points of their cross sections, both on the supports and in the span of the beams.
This must be taken into account by including certain coefficients in the
calculation formulas, depending on the specific operating conditions.

In general, the proposed method allows to determine the actual stiffness of
any bolted hinge connection, taking into account its actual operation on the basis
of static calculation data. In addition, it allows you to adjust the stiffness of the
bolted joint by changing the diameter of the bolts, their placement or changing
the estimated length of the bolts by using additional gaskets. Taking into account
the additional rigidity of the nodes and, as a consequence, the structure as a
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whole, allows you to somewhat unload the elements and calculate the additional
resource bearing capacity during the design of the frame elements.
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Pomanrox B.B., Cynpyniok B.B., besniok JI.1., Miciox T.Al.
BILTUB ®AKTUYHOI )KOPCTKOCTI BOJTOBHUX IIAPHIPHUX 3’€THAHb HA
HECYYY 3JATHICTb EJIEMEHTIB

B craTTi JOCHIIKYETHCS BIUIMB YACTKOBOI JKOPCTKOCTI LIAPHIPHOTO BYy3Ja 3’€IHAHHS
OJIHOIPOJILOTHOI 1 0araTompoibOTHOI BiNIBHO 00MmEPTHX O0aJOK 3 HIDKYE PO3TAILOBAHHMHU
KOHCTPYKLISIMH Ha iX HampykeHo-1epopMoBaHMH CcTaH 3a 1ii BEPTUKAILHOTO PIBHOMIPHO
PO3IO/IIICHOr0 HaBaHTAXEHHs. By3i BiJIbHO 00mepTiX GaoK 3a il 30BHIIIHBOI0 HABAHTAKEHHS
PO3KPUBAIOTHCS HA OIOpPax, 3 MOHTaKHI OOJITH 3aBa)KaIOTh iX OBHOMY PO3KPUTTIO, TOOTO BY3/IH
HPALOIOTh K YAaCTKOBO JKOPCTKI. 3HAIOYM [EsAKI [MOYATKOBI MapaMeTpH iIeanbHO LIAPHIPHHX
BY3J1iB, MOJKHa BCTAHOBUTH, SIKHI BIUIMB Oy[€ MaTH iX 3MiHa SIK HA PO3PaxyHKOBY CXeMy OaJlokK,
TaK i Ha PO3PaxyHKOBI CXEMH IIOIEPEYHHX paM KapKaciB OyaiBenb i Criopyn, 40 CKJIaay SKUX BOHH
BXO/ITh, B IioMy. Jlisi BU3HAYCHHs BIUIMBY OIOPY MOHTQ)XHHX OONTIB PO3KPHUTTIO OMOPHUX
By3IiB Ha HampyKEHHIl CTaH €JEMEHTIB BHKOPHCTAHO METOJ IO0YAaTKOBUX IIapaMeTpiB.
3anporoHOBaHa METOAMKA J03BOJISIE BH3HAYUTH PEAJIbHY JKOPCTKICTh OYAb-SKOro OOJITOBOrO
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IIAPHIPHOr0 3’€IHAHHS 3 ypaxyBaHHAM HOro MifiCHOI pPoOOTH. a TAKOXK PEryjIoBaTH HOro
JKOPCTKICTh, 3MIHIOKOUH JiaMeTp OOJTiB, MIIHICTh MaTepiany, 3 SKOr0 BOHH BHTOTOBJICHI, 1X
KUIBKICTB, BiICTaHb MiX HHMH, @ TAKOX BHKOPHCTOBYBATH JOJATKOBHI pecypc Mmatepiany 3a
PaxyHOK IesKOro 3MEHLICHHS] MAKCHMAJIbHUX HAIPY)KEHb B PO3PaxXyHKOBUX IIepepi3ax elIeMEHTIB.
Oco0aMBO 1€ CTOCYETHCS €IEMEHTIB, BUKOHAHHX 3 HephOpoBaHUX MPOdiNiB, OCKUIBKH 3MiHA
Hanpy>KeHO-1e()OPMOBAHOr0 CTaHy B OHMOPHHX 30HAX BHKJIMKATHME [EPEPO3IOALT HAIPY)KEHb 1 B
pPO3paxyHKOBUX TOYKax IX Iepepi3iB sIK Ha ormopax, Tak i B mposbori Ganok. e 060B’s3k0BO
HEOOXIZHO BPaxoBYBaTH IUIIXOM BKIIOYEHHS 10 PO3PaxXyHKOBUX (OpMys MEBHHX KOe(ili€HTIB
3aJIOKHO BiJl KOHKPETHUX YMOB POOOTH.
KurrouoBi ciroBa: 6onr, 3’ €AHaHHS, HeCcyda 3AaTHICTb, OMIp, XKOPCTKIiCTh, MIAPHIPHHUI BY3011,

Oaika.

Romaniuk V. V., Supruniuk V. V., Bezniuk L. 1., Misyuk T. Y.
THE EFFECT OF THE ACTUAL STIFFNESS OF BOLTED HINGED JOINTS ON THE
BEARING CAPACITY OF THE ELEMENTS

The article investigates the influence of partial stiffness of the hinge joint of single-span and
multi-span freely supported beams with lower structures on their stress-strain state under the action
of vertical evenly distributed load. Joints of freely supported beams under the action of external
load are opened on supports and mounting bolts interfere with their full opening, that is joints
work as partially rigid. Knowing some initial parameters of ideally hinged joints, it is possible to
establish what influence their change will have both on the calculation scheme of beams, and on
calculation schemes of cross frames of frameworks of buildings and constructions, to which they
enter, as a whole. The method of initial parameters was used to determine the influence of the
resistance of the mounting bolts on the opening of the support joints on the stress state of the
elements. The offered technique allows to define real rigidity of any bolted hinge connection
taking into account its actual work and to adjust it stiffness by changing the diameter of the bolts,
the strength of the material from which they are made, their number, distance between them, as
well as use additional material resource by reducing the maximum stresses in the calculated cross
sections. This is especially true of elements made of perforated profiles, because the change of
stress-strain state in the support zones will cause redistribution of stresses in the calculated points
of their cross sections, both on the supports and in the span of the beams. This must be taken into
account by including certain coefficients in the calculation formulas, depending on the specific
operating conditions.

Keywords: bolt, connection, bearing capacity, resistance, rigidity, hinge joint, beam.

Pomanrwox B.B., Cynpyniok B.B., besniok JLU., Muciox T.A.
BJUSHUE ®AKTUYECKOM )KECTKOCTH BOJITOBBIX IIAPHUPHBIX
COEJMHEHMI HA HECYIIYIO CIIOCOBHOCTH 3JIEMEHTOB

B CTaTb€ MCCICAYETCA BIIMAHUC ‘laCTM‘lHOﬁ KECTKOCTU IMIAPHHUPHOrO Yy3jJa COCAUHCHUSA
OJJHONPOJIETHOH M MHOTOPOJIETHOM CBOOOJHO ONEPTHIX OalOK € HMXKE PaCIONOKEHHBIMU
KOHCTPYKUMSIMH Ha UX HaIpPsDKEHHO-Ie()OPMHPOBAHHOE COCTOSIHHE IIPH JEHCTBUU BEPTHKAIBHON
PaBHOMEPHO pAaClpeIeliCHHON Harpy3kd. Y3Ibl CBOOOJHO OIEPTHIX OaloK Mpu JIeHCTBUU
BHEIIIHEH Harpy3Kd pacKpbIBAIOTCS HA OMOpPax, a MOHTa)KHbIE OOJTHI MPEHATCTBYIOT UX IOJIHOMY
PACKPBITHIO, T.€. Y376l pA0OTAIOT KAK YACTHYHO JKECTKHE. 3Hasi HEKOTOPbIe HavYalbHbIC IIapaMeTpPbI
UACAJIbHO IIAPHUPHBIX Y3JI0B, MOXXHA YCTaHOBUTH, KAHOC BJIUSIHUEC Gy):leT HMETh UX U3MCHCHHC
KaK Ha PacuyeTHYIO cXeMy 0alloK, TaK M Ha PaCYCTHBIC CXEMBI IIONIEPEUHHX PaM KapKacoB 3JaHUH
COOpY)KEHHMH, B COCTaB KOTOPBIX OHHM BXOAAT, B wueioM. Jlius ompeneneHus BIMSHUS
COIPOTUBJICHUS MOHTAaXXHUX 60J'ITOB PACKPBITUIO OIIOPHBIX Y3JIOB Ha HANPSXKEHHOC COCTOSAHHUEC
9JIEMEHTOB HCIIOJIb30BAaH METOJ HadyaJbHBIX MapamMeTpoB. lIpemsoxkeHHas METOOUKA MO3BOJSICT
OIPEIENATh PEATbHYI0 KECTKOCTh JI0O0ro GO0NTOBOrO INAPHIPHOTO COCAUHEHHUSI C YYETOM €ro
JIEHCTBUTEIPHON PabOThI, a TAKXKE PEryJInpoBaTh €ro JKECTKOCTb, W3MEHs JuaMeTp OOJTOB,
IPOYHOCTh MaTE€pHaia, U3 KOTPOro OHU HU3rOTOBJICHBI, X KOJIMYECTBO, PACCTOAHUC MEXKAY HUMH,
a TaKKe HCIONIB30BaTh OIOJHUTENBHBI pecypc MaTepuana 3a C4eT HEKOTOPOrO YMEHBILICHHS
MaKCHMaJIbHUX HANPSDKCHHH B PACCUCTHBIX CEUCHHSAX dJeMeHTOB. OCOOCHHO 3TO KacaeTcs
JJIEMEHTOB, BBINOJHEHHBIX U3 MePHOPHPOBAHHBIX MPOQUICH, MOCKOIbKY H3MEHCHHE
HANPsDKEHHO-Ie(hOPMUPOBAHHOTO COCTOSIHHSI B ONOPHBIX 30HAX BBI3OBET IepepacipelcicHue
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HANPSDKEHUH ¥ B PACYCTHBIX TOYKAX MUX CEYCHMIl Kak Ha OIOpax, TaK M B Mpojere 0ajiok. DTo
0053aTeIbHO HEOOXOIMMO YYUTBIBATH ITyTEM BBEICHHUS B PacCUCTHBIC (hOPMYJIBI OMpPEICICHHBIX
KOC(HULHEHTOB B 3aBUCHMOCTH OT KOHKPETHUX yCIOBHH paboTHL.

KutoueBble ciioBa: Goit, COSAMHEHUE, HECYILasi CIOCOOHOCTb, CONPOTUBICHUE, KECTKOCTb,
IIAPHHUPHBII y3eu, Oaka.

VK 624.014.2:624.078.46:624.042.062

Pomaniox B.B., Cynpyniok B.B., Besuwox JII, Miciokx T./l. BB ¢GakTHYHOI KOPCTKOCTI
00JITOBUX IIAPHIPHHX 3’€IHAHb HA HeCcy4y 3/1aTHICTH ejieMeHTIB // Omip MartepiaiiB i Teopis
criopyn: Hayk.-Tex. 30ipauk. — K.: KHYBA, 2021. — Bun. 107. — C. 323-332.

3acmocysannsn 3anponorHo8anoi MemooOuKu po3paxyHKy, wo 6azyemvcs Ha Memooi NOYAMKOGUX
napamempie, 003601A€ BUSHAYAMU IHCOPCMKICMb  OOIMOBO2O  WAPHIPHO20 3 €OHAHHA 3
YPAxXyeanHsM 1020 OICHOI pobomu, a MaKoic 3MIHIO8AMU il 3a PAXYHOK 3MiHu diamempy 60umis,
MiyHoCmi mamepiany, 3 SIKO20 GOHU GU2OMOGIEHI, IX KITbKOCMI, 8IOCMANI MIJIC HUMU, A MAKOIC
BUKOPUCMOBYBAMU ~ 000AMKOGUIL  pecypc — Mamepiany  6HACAIOOK — OesK020 — 3MEHUIeHMHs.
MAKCUMATLHUX HANPYIHCEHb 8 PO3PAXYHKOBUX Nepepi3ax eleMeHmie.
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The application of the proposed calculation method, based on the method of initial parameters,
allows to determine the stiffness of the bolted hinge joint taking into account its actual work, as
well as change it by changing the diameter of the bolts, the strength of the material from which
they are made, their number, distance between them, and also to use an additional resource of
material owing to some reduction of the maximum stresses in calculation cross sections of
elements.
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323-332.

IIpumenenue npeonodcenHoll MemoOuKu pacuemad, OCHOBAHHOU HA Memoode HAYATbHBIX
napamempos, No360Jsem ONPeoesimb JICeCMKOCMb  60JM08020 WAPHUPHO2O COCOUHEHUs C
yuemom e2o Oeicmeumenvol pabomol, a MaKdice UMEHAMb ee 3a CYem usMeHeHus ouamempa
601mo8, NPOYHOCMU MAMEPUANA, U3 KOMOPO2O OHU U320MOGNEHbI, UX KOIUYECEA, PACCMOSIHU
MeJCOY HUMU, A MAKJCE UCNONb308aNmb OONOTHUMENbHbIN Pecypc Mamepuanda 6ciedcmeue
HEKOMOPO20 yMeHbUIeHUSI MAKCUMATbHBIX HANPAICEHULL 8 PACHETNHBIX CeYEHUSIX INeMEHIMNO8.

Wi 4. BuGsworp. 11 Ha3s.
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