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ROD BUTT BOLTS
BOLT JOINTS OF TENSION RODS USING SLANTING FLANGES
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Abstract. A new technical solution for the mounting joints of metal structures in the form of bolted joints on
oblique flanges located at an angle of 30 degrees relative to the longitudinal axes of the rod elements and
equipped with support tables is given. In such joints, the longitudinal forces that fall on the flanges are
decomposed into normal and tangential (tangential) components. Normal components are transmitted to
bolted fasteners, and tangents are perceived by support tables. At the same time, in oblique flanges, the bolts
are loaded two times less than in straight ones. Butt joints have the necessary and sufficient bearing capacity,
provide a reduction in the consumption of structural material and are equally strong with docked rod elements.
A practical method for calculating such compounds is proposed, confirmed by the results of a trial (control)
series of studies of prototypes.

Keywords: mounting joints of metal structures, bolt fasteners, connections on flanges, oblique flanges,
support tables, calculation method
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AnHoTanus. [IpuBeeHO HOBOE TEXHHUYECKOE PEIIEHHE MOHTAKHBIX CTHIKOB METAJUIMYECKMX KOHCTPYKLHUH B
BUjie OONTOBBIX COCIMHEHMH Ha KOCHIX (UIAHIAX, PACIOJIOKEHHBIX 1MOJ yrioM 30 rpaaycoB OTHOCHTEIBHO
MIPOJIOIBHBIX OCEH CTEPIKHEBBIX AJIEMEHTOB M CHAO>KCHHBIX OITOPHBIMHU CTOJIMKAMH. B TaknX CThIKax MpOJ0IbHBIC
yCwiHsl, NpuXojsiuecs Ha (IIaHIbl, PAcKiIaJbIBAIOTCS Ha HOPMaJbHbIE M KacaTesbHble (TaHTeHIMAIbHBIC)
cocTasistronie. HopMmanbHbBIE COCTAaBISIONIME IIEPEIAalOTCsl Ha OONTOBBIE KpEIUICHMS, a KacaTelbHbIE —
BOCIIPUHUMAIOTCSI OTIOPHBIMU cToNuKamu. [Ipn 3ToM B KOckIX ¢uiaHnmax OoiTHl HArpy>KeHbI B /[Ba pa3a MEHBIIE,
yeM B TpsMbIX. CTBIKOBBIE COEIMHEHHsI OOJIAAalOT HEOOXOAWMBIM M JIOCTAaTOYHBIM 3alacoM Hecylien
CIOCOOHOCTH, 00ECIedYMBAIOT yMEHBUIEHHE pacxoja KOHCTPYKLIHMOHHOTO Marepuaga U SABJIIFOTCS
PaBHOMPOYHBIMH CO CTBIKYEMBIMH CTEPXKHEBBIMH leMeHTaMu. [IpennorkeHa mpakTudeckas METOAMKA pacueTa
TaKAX COCAWHEHWH, MOATBEP)KICHHAsS WTOTAMH IPOOHOH (KOHTPOJIEHOW) CEpUH HCCIEIOBAHUI OIBITHBIX
00pasIos.

KiroueBble cj10Ba: MOHTa)XHBIE CTHIKH METANTHMUECKUX KOHCTPYKIUH, 60JATOBBIC KPEIIICHNUS,
coeaMHeHUs Ha (JiaHnax, Kocble (UIaHIIbl, OMOPHBIE CTOJIMKH, METO/IMKA pacyera

INTRODUCTION perceived mainly due to overcoming the

compression resistance of the flanges from the
Flange connections are currently among the pre-tension of high-strength bolts. Flange
most common and mass types of bolt fasteners, joints are one of the most effective types of
differing in the mechanisms for transmitting bolted joints, since the very significant bearing
external forces. Here, these forces are capacity of high-strength bolts is used directly
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and almost completely. The field of rational
and effective use of flange joints is quite large.
It covers the connections of elements subject to
stretching, compression, bending or their joint
action. This area can also be extended for the
transmission of cyclic loads, but in this case
appropriate  calculation and experimental
checks are necessary [1].

It is known that the butt joint of the stretched
elements of the closed profile is known,
including the ends of the rod elements with
flanges, additional ribs and tightening bolts
installed along the perimeter of the closed
profile in pairs symmetrically relative to the
ribs [10]. The disadvantage of the connection
is the large dimensions of the flange and a
significant number of connecting parts, which
increases the consumption of material and the
complexity of the structure. The closest to the
proposed technical solution is the mounting
butt joint of the lower (stretched) belt of
trusses from bent welded closed profiles,
including the ends of the rod elements with
flanges, additional ribs, tightening bolts and a
sheet gasket between the flanges for attaching
the rods of the truss grate and connections
between the trusses [11]. The disadvantage of
the connection, as in the previous case, is the
material intensity and laboriousness of the
mounting joint on the flanges.

The main task, the solution of which is aimed
at the flange connection of the stretched
elements of the closed profile, is to reduce the
mass (consumption) of the structural material.
The result is achieved by the fact that in the
flange connection of the stretched elements of
the closed profile, including the ends of the
rods with flanges, tightening bolts and the sheet
gasket between the flanges, the flanges are
installed at an angle of 30 ° relative to the
longitudinal axes of the rod elements, and the
sheet gasket consists of paired support tables,
rigidly fastened to the flanges and in the
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assembled connection mutually resting on each
other [12].

The proposed flange connection has a fairly
universal technical solution. So, it can be used
in the mounting joints of lattice structures
from pipes of round, oval, elliptical,
rectangular (Fig. 1), square, pentagonal (Fig.
2) [13, 14] and other closed cross-sections. As
another example of the use of the proposed
connection, similar joints can be given in the
installation of structural elements from paired
and single corners, channels, [-beams (Fig. 3),
taurus, Z-, H-, U-, V-, A-, X-, C-, U-shaped
and other open (unclosed) profiles. The
proposed flange connection of stretched
closed profile elements 1 contains attached
using welds are solid leaf flanges 2 mounted
at an angle of 30° relative to the longitudinal
axes of the stretched elements. The support
tables 3 are rigidly fastened to the flanges 2 by
means of welded seams. In the protruding
parts 4 of the flanges 2 and the support tables
3 there are coaxial holes 5, in which, after
assembling the joint, tightening bolts 6 are
installed on the mount. For the attachment of
the rod element of the grille 7 in the proposed
flange connection, the support tables 3 are
extended beyond the protruding parts 4 of the
flanges 2 in such a way that additional bolts 8
can be placed in them, as is done in a typical
mounting joint on the flanges. In the case of
using the proposed flange connection for the
stretched elements of the unclosed profile 9,
the coaxial openings 5 in the flanges 2 and the
support tables 3, as well as the tightening bolts
6, may be located not only outside the cross-
section (transverse or oblique) of the unclosed
(open) profile, but also in its internal zones. In
the complete absence of tightening bolts 6 in
the outer (external) areas of the open profile 9,
the proposed flange connection is more
compact.
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Figure 1. Schemes of flange connections of rectangular closed bent-welded profiles: a - top view, b
- design diagram of an element with an oblique flange and a support table; c — side view, d — side
view in the absence of lattice rod elements; 1 - lower (stretched) truss belt; 2 - oblique flange; 3 -

support table; 4 - protruding part of the flange in the outer zone of the profile; 5 - bolt hole, 6 -
coupling bolt; 7 - rod element of the lattice; § - bolted fastening of the lattice element; F is the
longitudinal tensile force; N is the normal component; T - tangential (tangential) component
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Figure 2. An example of designing an
assembly joint on oblique flanges of the lower
| (stretched) chord from a pentagonal closed
| — bent-welded profile of a truss with a span of
42 m and a design load of 20.6 kN/m [11]: a
— side view, b - section along the line of
contact of the oblique flange and the core
element of the belt; c - top view
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Figure 3. Schemes of flange connections of I-profiles: a - top view; b — side view, c - side view in
the absence of bolts in the outer zones of the profile; 2 - oblique flange, 3 - support table; 5 - bolt
hole; 6 - coupling bolt; 9 - I-profile

METHODS

In trusses of rectangular and square pipes (bent
welded closed profiles), the angles of adhesion of
the braces to the belt should be at least 30 ° to
ensure the density of the weld section from the
side of the sharp angle [15]. Therefore, in the
proposed flange connection of the stretched
closed profile elements 1, the flanges 2 and the
support tables 3 fastened to them are mounted at
an angle of 30° relative to the longitudinal axes.
In this case, the longitudinal force F, which
causes the tensile of the closed profile element
1, is decomposed into two components

(Fig. 1, g):

- normal, perceived by tightening bolts [6],

N = Fcos60° = 0.5F (1)

- tangential, transmitted to the support tables 3,

T = Fcos30° = 0.886F. 2)
Reducing the bolting forces by half the same
number of times reduces the moments that bend
the flanges, and this allows you to use thinner
sheets for them, thereby reducing the
consumption of structural material. In addition,
the material capacity of the proposed joint is
positively affected by a possible reduction in the
diameters of the tightening bolts 6, a decrease in
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their number or a combination of the first and
second.

Here, the strength of the bolts of the flange joints
of the rod elements of the closed (tubular) profile
is ensured if

Y <1, 3)

0.9y Npe —

where n5 is the total number of bolts; N is the
calculated force perceived by a single bolt for
the tension with which it must first be pulled
(flange connection of type A), and calculated by
the formula

Nyt = Rpt " Apn, 4)
where Rp: is the calculated tensile resistance of
the bolted joints; Abn is the cross-sectional area
of the "net" bolt.
The calculated bolt connection shall be
positioned  momentlessly  (symmetrically)
relative to the centre of gravity of the belt
element cross-section, as close as possible to it
and taking into account the minimum allowable
distances from the profile to the axis of the bolt
»» and from the axis of the bolt to the edge of the
flange cb. In this case, each of the bolts must be
equidistant from the profile. The diameter of the
holes can be taken 3 mm larger than the diameter
of the bolts. The bending strength of the flanges
is ensured if o
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where vc is the coefficient of working conditions;
an, Wi and R,z - respectively normal voltage,
design resistance of steel and moment of cross-
sectional resistance of the flange, Wf=b1ts12/6 (b1
- pitch of bolts, ¢ - thickness of oblique flange);
M is the highest value of the calculated bending
moment.

In the flange joints of the rod elements of the
closed (tubular) profile, as well as in the outer
zone of the joints of the elements of the open
(unclosed) profile, the bending moments of the
flanges can be determined according to a
conditional design scheme, as in a beam pinched
from the side of the belt, hinged with an operte
along the edge of the flange and loaded with a
force in the bolt N [8, 9]:

M. = Npli'bp-(11+cp),
1= 312 — ¢2 ’
1 b
_ NpbEGL-by)
312 - ¢}

M, , (6)

where N»<0.9Nvwt; [; is the span of the beam,
li=by+cp; bpand cp are the minimum allowable
distances.

The same design scheme makes it possible to
determine the deflections of the oblique flange
[18]:

- along the axis of the bolted connection

_ Nb-bg-cg-(3bb+4cb) .
T 12:Elpy

fri

(7

- highest value

_0.0098:Np-13
f}l,max - Elf

®)
where £ is the modulus of elasticity of the flange
material; /s 1s the moment of inertia of the flange
cross-section, I;=bt?/12.

The calculated oblique flange of the stretched
joints is welded to the belt element by unilateral

angular seams. They must be checked by the
calculation of strength:
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- on the metal of the seam

F

<1; 9
Bykglw RweYwr e ( )

- on the metal of the fusion boundary with
the belt element

F
Bz'kflwRwzYwzYc

<1; (10)

- on the metal of the fusion boundary with
the flange in the direction of the thickness of the
rolled products

F
.Bz'kf'lw'Rth'sz'Vc

<1, (11)

where F is the load on the welds; ks - angular
seam roll, k/<1,2tmin (¢min - thickness of the
thinnest of the welded elements); /v - the
calculated length of the seam, it is taken to be less
than its full length by 1 cm; Ru is the calculated
resistance of the oblique flange material across
the rolled products, R»=0,5Ry 1.

Supporting slats (support tables) of oblique
flanges are advisable to take in 1.5 ... 2 times
thinner than flanges [19]:

__tn
T (1s..2) (12)
The support bar is welded to the oblique flange
by one-sided angular seams along its three edges,
and the fourth edge is milled to ensure a tight
contact in the assembled joint for the
transmission and perception of the tangent
component 7. Checking the welds is as follows:
- on the metal of the seam

T
Bykf-lwRwfYwsYe < 1’ (13)

- on metal fusion boundaries with flange
_ <1, (14)

Bz kg lwRwzYwz'Ve
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where T is the load on the welds; ks - angular
seam cathlete, k/<1.2tmin; /v - the calculated
length of the seam, is taken to be less than its full
length by lcm.

The support bars (support tables) of oblique
flanges must also be checked by calculation of
the crumpled strength condition:

T <1, (15)

berter Ry -

where bcr 1s the width of the support bar in the
contact zone (crumple); R, is the calculated
resistance of the steel to the crumpling of the end
surface.

The Qioc transverse force in the assembled joint
is transmitted through an additional fastening
between the lining of the truss lattice rod with a
thickness of t and the support bars of the oblique
flanges on two bolts, under the conditions of
unification of the same flanges as the bolts. They
can be installed without prior tension, so the
additional bolted connection must be checked by
calculation from the strength conditions:

- per slice

Qloc .
NpeTip <1 (16)

- On Confusion

Qloc

<1, (17)

Nppnp -

wherein Nps and Npp are the design forces that
can be perceived by a single bolt respectively per
cut and crumpled; 7 is the number of bolts in the
connection, n,=2.

The necessary and sufficient reserve of bearing
capacity of bolted joints of stretched rod elements
with oblique flanges was confirmed by the results
of a trial (control) series of studies of prototypes
conducted in the construction laboratory of
Pyatigorsk State Technological University (Fig. 4).
The breaking forces of the prototypes exceeded the
level of design loads of 1.7... 2.5 times, and the
experimental and calculated deformations had a
fairly acceptable convergence. Experimental
deformations were determined from the readings of
mechanical indicators in the direction of action of
longitudinal forces in the rod elements (Fig. 5). The
calculated deformations were calculated as the total
deflection of two oblique flanges in the projection
on the longitudinal axis of the prototype:

A= 2f.fl,max
sin30°

= 4'}?l,max (13)

where frimax 18 the deflection of one flange
defined by the formula (8).

a
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b
Figure 4. Pictures of experimental studies of prototypes of mounting joints on oblique flanges: a -
general view; b - type of bolted joints after rupture
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Figure 5. Stretch diagram of one of the prototypes of butt bolt joints of rod elements with oblique
flanges, built on average readings of two mechanical indicators

RESULTS AND DISCUTION

Summarizing the results of the first series of tests
given in Chart 1, we can conclude that butt joints
on oblique flanges are not only equally strong
with rod elements, but are also quite suitable for
use in load-bearing structures of buildings and
structures. In the future, it is planned to continue
testing and experimental studies of bolted joints
on oblique flanges, combining them with a
laboratory workshop on metal structures as part
of the educational process for the training and
advanced training of civil engineers, for which a
corresponding installation with a capacity (load
capacity) of 50 tons has already been
manufactured and tested (Figure 6).

To compare the proposed (new) technical
solution with the known one, a standard

118

assembly connection on the flanges of roof
trusses from bent-welded closed profiles of the
Molodechno system was taken as the base object
[12]. The material consumption of the compared
options is shown in Chart 2, from which it can be
seen that in the new solution it decreased by 54.7
/26.8 =2.04 times.

In addition, here it is necessary to take into
account the consumption of material for the tie
bolts. In the known and proposed flange
connections, the number of coupling bolts is the
same and is 8 pcs. If the first of them uses M24
bolts, then the second uses M 18 bolts of the same
strength class. Then it is obvious that in the new
solution the material consumption is reduced in
proportion to the decrease in the "net" cross-
sectional area of the bolt, that is, by
3.52/1.92=1.83 times.
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Table 1. Results of the Pilot Test Series of Prototype Studies

Volume 19, Issue 1, 2023

Parameters of prototypes (steel C235
Ne Cross-section of rod Thickness, mm Bolted
elements, mm connections
Flanges | Tables | diameter, | class
mm
1 2 3 4 5 6
1 | 025%25x1,5 GOST 8369-68 4 2 M4 5.8
2 | 025%25x1,5 GOST 8369-68 4 2 M4 5.8
3 | 025%x25x1,5 GOST 8369-68 4 2 M5 5.8
Bearing capacity, kN
Ne Calculated Experimental
core oblique| support bolted the cause of the  [the ultimate in caselexperiment.
elements |flanges| tables | connections | destruction of the of destruction |Calculation
prototype
1 7 9 10 11 12 13
1 32,5 247 40,4 23,0 *Machine power *40,0 *1,74
2 32,5 24,7 40,4 23,0 bolt break 52,0 2,26
3 32,5 247 40,4 40,2 bending of flanges 62,0 2,51
No Deformations, mm
from design loads from the maximum loads
Calculation| experiment. experiment. |Calculation| experiment. experiment.
Calculation Calculation
1 14 15 16 17 18 19
1 0,035 0,044; 0,039 1,26; 1,12 0,060 1,14 19,0
2 0,035 0,052; 0,047 1,49; 1,34 0,078 1,61 20,7
3 0,037 0,061; 0,058 1,65; 1,57 0,093 2,07 223
Table 2. Consumption of structural material (steel)
Name Dimensions, | Amount, pcs. Weight, kg Notes
mm 1 pc. All Joint
Straight flange | 300x300x30 2 21,2 42,4 54,7 | Notable
Stiffening rib 140x110%8 8 0,5% 4,0 solution
Connecting 400%300x8 1 7,5 7,5
gasket
Welds (1.5%) 0,8
Oblique flange | 300x250%18 2 10,6 21,2 New
Support table | 270x150x8 2 2,6 52 26,8 | Solution
Welds (1.5%) 0,4
* Triangular shape taken into account
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Figure 6. Pictures of a general view of the test facility (a), its reverse part (b) and a prototype after
destruction due to bending of oblique flanges (c)

CONCLUSION

Thus, the development of butt bolted joints of bar
elements with oblique flanges, their calculation
and the results of experimental studies of the first
(trial) series of prototypes make it possible to
recommend for implementation in construction
practice and draw a number of main conclusions.
1. Bolted joints on oblique flanges have the
necessary and sufficient margin of bearing
capacity, which ensures their equal strength with
the connected rod elements.

2. The engineering method for calculating
bolted connections on oblique flanges is quite
simple and correct for use in building design.

3. Butt bolted joints of rod elements with
oblique flanges under the action of tensile forces
significantly reduce the consumption of
structural material compared to straight flanges,
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which predetermines the prospects for their use
in load-bearing structures of buildings and
structures.

4. It is advisable to continue experimental
studies of bolted joints on oblique flanges and
combine them with a laboratory workshop on
metal structures as part of the educational process
of training and advanced training of civil
engineers.
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