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Abstract. The article is devoted to the analytical and numerical study of truss nodes made of a square hollow section with local
concrete filling. A numerical analysis of a fiber-concrete element in the form of a beam on an elastic base as a local reinforcement
of a truss node made of square hollow profiles under the action of a concentrated load from a neighboring rack is carried out.
Subject of research: The subject of the study is the local filling with concrete as reinforced knots of trusses made of SHS of K-
type connection, and the calculation of the load-carrying capacity of truss knots made of HSP under the influence of several
concentrated compressive loads from the brace elements.

Materials and methods. The method of internal study based on the numerical experiment and computer simulation SP "ANSY'S
Workbench" local strengthening of the node of trusses made of SHS K-shaped connection type, locally filled with concrete.
Results: Simple and reliable methods of strengthening nodes made of square hollow profiles by filling with concrete are presented.
as well as the corresponding methods of their calculation. The connections of the truss nodes, made of square hollow profiles of
the K-shaped type of connection with a direct connection, give high quality with minimal labor and metal consumption.
Conclusion: The load-carrying capacity of truss nodes made of square hollow sections can be increased by local filling of the inner
cavity of the chord with concrete, which allows to unload the shelf, to which the lattice element and the side walls of the chord
adjoin.
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of internal collapse by the shelve or wall. Concrete is
able to meet the growing demands for fast-moving
large-span spatial structures under adverse loads.In
recent years, extensive studies of truss units made of
SHS with concrete filling have been carried out and an
increase in stability, durability and high technical and
economic indicators have been achieved under different
loading conditions [1]. If the deformation of the shelf of
the chord is limited by the concrete, the bearing capacity
of the connection can be increased; however, there are
few studies on this topic [2-3].

In the works of Parker et al. [5-6] show a significant
increase in bearing capacity and bending stiffness due to
concrete filling in the chords of K-type tubular trusses.
In the study [7] it is stated that the brace elements under
tension and compression should be calculated separately
and that the determining limit state for the stretched
brace element will be the premature local flowability of
the brace at junction from the action of tensile and shear
stresses.

In [7-8], the results of tests of truss frame nodes
made of SHS with adjoining to the chord of compressed
and stretched braces of K-shaped nodes are given. The
nodes with the direct adjacency of struts to the chord and
the nodes with different types of reinforcement made in
such a way as to transfer the load from braces to most
part of the chord cross-section perimeter in the node
were investigated locally. If the width of the braces
element is increased, the deformability of a SHS truss
node decreases, and the strength and load-bearing
capacity increases.

1. Introduction

Nowadays steel trusses made of square hollow
sections (SHS) are widely used in various fields of
construction: especially in load-bearing roofs and
ceilings of industrial and civil buildings and bridges.
Connections of brace and chord of trusses made of SHS
in the joints are carried out by means of direct joining of
one element to another or by means of nodular fittings.
Their advantages include cost-effectiveness, absence of
bevels and the largest radius of inertia.

K -shaped type of connection, in which braces are
attached directly to the chord element of the trusses
made of SHS, has a characteristic pattern of destruction
in the form of local buckling of the wall or shelves of
the chord under the action of compressive force of brace
elements. In this case, it is possible to change the
dimensions of the cross-section elements of the node. In
the existing Russian normative documents, there are no
data on calculation and design of reinforcement of truss
nodes made of SHS. In this connection, it is important
to develop simple and reliable methods of strengthening
these nodes, as well as appropriate methods of their
calculation. In this paper, we consider the reinforcement
of the concrete truss nodes made of particleboard.

Truss knots from SHS are reinforced by filling with
concrete or fiber concrete to significantly increase its
bearing capacity and rigidity. The behavior of the
resulting concrete-filled truss units from SHS is
significantly improved due to the increase in strength
due to the retention of the steel truss and the prevention
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According to numerical studies, reinforcement with
concrete allows increasing the technical and economic
performance of trusses made of SHS, so improving the
method of calculation of nodes of SHS trusses, locally
reinforced with concrete, is an urgent scientific task [4].

The object of the study are K-shaped nodes of roof
trusses and slabs made of SHS, which are reinforced by
local filling of the chord cavity with concrete.

The subject of the study is the load-carrying capacity
of such units.

The purpose of this work is to develop a
methodology for calculating a concrete block filling the
girder cavity on the basis of idealized calculation
schemes of analytical dependencies to determine its
carrying capacity under compressive loading in the
nodes of SHS trusses. To achieve the goal, the following
tasks were formulated:

e Propose a methodology for calculating a
concrete block, taking into account the beam analogy.

e  Determine the design scheme of the concrete
block as a beam on an elastic basis, most closely
reflecting its carrying capacity as part of the design
model of the node, including struts and truss chords.

e  Determine the methodology for calculating a
fiber concrete block as a local reinforcement of a truss
made of SHS.

2. Materials and methods

The subject of the study is the local filling with
concrete as reinforced knots of trusses made of SHS of
K-type connection, performed according to [8], and the
calculation of the load-carrying capacity of truss knots
made of HSP under the influence of several
concentrated compressive loads from the brace
elements.The method of internal study based on the
numerical experiment and computer simulation SP
"ANSYS Workbench" local strengthening of the node
of trusses made of SHS K-shaped connection type,
locally filled with concrete, is applied [12] Figure 1.

Materials of truss nodes made of square hollow
sections: chord and brace - steel C245 according to
GOST 27772-2015 with design resistance 240 MPa,
local filling - concrete with elastic modulus at least
30000 MPa. Dimensions of the truss unit made of SHS:
cross-sections of the chord 140x140x4 (mm), cross-
sections of the braces 60x60%3 (mm).

Fig. 1 - Calculation scheme of a truss node made of square hollow sections, locally reinforced with fiber concrete
Puc. 1 - PacuerHast cxema y3i1a (epMbl, BBIIIOJHEHHOTO U3 KBaPATHBIX MOJIBIX IPOQUIICH, JTOKAIbHO apMHPOBAHHBIX
¢hubpobeToHOM

In this study, a methodology for calculating the fiber
concrete block [4], reinforcing a truss node made of
square hollow sections, which is shown in Figure 1 [5],
where:

1- truss chords (upper chord),

2 —braces,

3- the hole for concreting the nodes, in which the
filler bag and pipe plug are inserted and then welded to
the truss chords,

4- the concrete block after the curing process,

L - length of the concrete block,

hO - height of the girder section,

t0 - chord thickness,

h1 - height of the strut section,

tl - brace thickness,
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o - angle of abutment of the brace,

A numerical study of a truss node made of SHS
reinforced locally with a fiber concrete block with the
cross-section of a chord 140x140 mm, length 560 mm,
which is made of concrete with the elasticity module E
= 30000 MPa and the calculated compression resistance
Ry=14.5 MPa [3]. It is necessary to determine the
dependences of the carrying capacity of the considered
nodes on the corresponding geometrical and physical-
mechanical parameters [3].

On the basis of a numerical study using
phenomenological approaches, plots (Figs. 2-3) of the
dependence of brace width to chord width B, the
coefficient of relative bending stiffness f* [5] are made.
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Table 1. Geometric dimensions of chords and braces of SHS trusses for parametric study

Tadaunna 1. 'eomerprueckue pasMepsl nosicoB 1 packoco ¢pepm CBC 11 mapaMeTpr4eckoro Ucciie10BaHus

No chord brace Y B o
B bo (MM) to (MM) b1 (Mm) t1 (Mm) bo/to bi/bo bi/ti
1 140 4 70 3 38 0.466 23
2 140 5 90 4 30 0.600 22
3 140 6 110 5 25 0.733 21
4 140 7 140 6 21 0.933 23
B
1
0,9 = .
0,8 )
- ——
0.7 —
0,6 [ //— / ——y=25
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Fig. 2 - Diagram of dependence of brace width to chord width B, coefficient of relative bending stiffness p*
Puc. 2 - JTnarpamMma 3aBHCHMOCTH IIMPHHBI PACHOPKH OT IIHPHUHBI XOPABI B, KOAQHHUIHEHT OTHOCHTEIBHOM KECTKOCTH IIPH

n3rube f*
2y
40
£
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—e— F=40,368xH
—s F=73,704
0 F=13,707kH
F=7,049xH
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Fig. 3 - Diagram of dependence of chord width to chord thickness 2y, coefficient of relative bending stiffness f*
Puc. 3 - [lnarpaMma 3aBHCHMOCTH IIMPHHBI XOPABI OT TOILINHBI XOPABI 2, KO3 (HUIUEHT OTHOCHTENBHOM KECTKOCTH IIPH
nsrube f*
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The above graphs (Fig. 2-3) show that the bearing
capacity and strength of truss nodes made of bent-
welded sections depend on the width of the strut and its
thickness [3].

1. A similar approach to determining the value of the
coefficient f*, which depends on the relative value of
the bending stiffness of the fiber concrete element as a
local reinforcement of a truss node made of SHS, taking
into account the concentrated load, bending moment
determined in the SP "ANSYS Workbench" and

mathematical function 77, = e " (cos fx —sin fx) is
calculated by the formula:

. P .
—e COS px —SIn px
B o & e fx)

0]
147

= 1=1.19u"
(4-30,88)

ﬂ*
2. Using formula (3), the moment of inertia of the

fiber concrete block as a beam on an elastic base is
determined by the formula:

3
I=1 _b-h
12
)
3
I)C:Iy:15 = =4218cu*

where h is the section height of the block;

b - width of the block;

Based on the value of the moment of inertia, we
calculate the bending stiffness of the fiber concrete
block used as a local reinforcement of the SHS truss
node by the following expression:

EI =3000000H / cm® - 4218cm* =
=3-10"kH/M?*-4218-10°M* =
=1260xH - m*

3. Based on the above values of the fiber concrete
block, determine the bedding factor by the formula:

x=4IEB™
(€)
k=4-1260-1.19* =10106KTla

P P2 Py
. b

! !
> [>

i»{ (PK [ K jr{
X1
X2
X3

Fig. 4 - Fibrocrete block loaded by a system of concentrated forces
Puc. 4 - ®ubpobeToHHBIIH OJI0K, HATPYKEHHBIN CUCTEMON COCPETOTOUEHHBIX YCUIUH

The fiber concrete block is considered as a beam on
an elastic base, loaded by several concentrated forces
Fig. 4. It is necessary to determine the bending moment
taking into account the concentrated force and the
distance from each load, as indicated in [6]. From this
value it is required to calculate the total bending moment
at point C from the action of these forces [5-5]. Let us
use the principle of independence of the action of forces.

Using formula (4), we determine the bending
moment taking into account the concentrated load P;
and the mathematical function to the coefficient of
relative bending stiffness at point C:

M = 4%8*131 -e ™ (cos Ax —sin fx)
“

M1=;19.5'0.81=3.318KH'M
4-1.19
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Calculate the bending moment at the point, taking
into account the concentrated load P, by the formula:

1
M =——P,-e ™ (cos fx —sin fx
Sl (cos 3 px)

©)

M = 147-0.6398 =19.7585xH - M
4-1.19

Using formula (6), determine the bending moment,
taking into account the concentrated force P at point C:
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1

M =
4p

P, -e ™ (cos Bx —sin fx)

*

(6)

M = L147-0.4688 =14.477xkH -M
4-1.19

Based on formulas (1, 2, 3), calculate the total
moment by the formula:

417[})1 1, (x)+ Py, (xy) + P -772(x3)]
(7

M =3.18+19.7585+14.477 =37.416xH - M

where Mc is the bending moment at point C;

P - concentrated force;

X - distance from the force P to point C;

n - mathematical function;

B - coefficient of relative bending stiffness;

Fibroconcrete block is loaded with several
concentrated loads from struts, the application points of
which are located at a distance xi, X2, X3 mm from the
support of the fibroconcrete block reinforcing a truss

M=

assembly made of square hollow sections. Loading was
performed in stages, the values were taken to be 147 and
19.5 kN [3].

The use of modern software packages makes it
possible to carry out numerous variation studies
combining different loads and variation of strength and
deformation characteristics of materials (structural
concrete, high-strength concrete for reinforced concrete
beams), as well as to compare the results obtained with
the SP "ANSYS" with analytical calculation results
[15]. In this study, one of the most modern universal SP
"ANSYS" was used [5].

3. Results

Analytical and numerical calculations of the fiber
concrete block as a beam on an elastic base were carried
out in accordance with [7]. To analyze the fiber concrete
block, different cross-sections for the strut and the chord
of SHS trusses were considered [9].

The results of calculations of the bending moment
Mc of the fiber concrete block as a local reinforcement
of the SHS truss node, taking into account the
concentrated loads and mathematical functions, as
specified in [6], are shown in Table 2.

Table 2. Results of analytical calculations of the fiber concrete block as a beam on an elastic base
Tabéuauua 2. Pe3ynsTaThl aHAINTHYECKUX pacdeToB (prOpoOeToHHOTO OJI0Ka B BHIE OAJIKH Ha YIIPYTOM OCHOBAaHUH

Ne ceyenus X, M X ni P, xH M, kH*M
1 0,085 0.101 0.8100 19.5 3.318
2 0.187 0.2225 0.6398 147 19.758
3 0.287 0.3415 0.4688 147 14.477
Mc= ) M =37.416

Based on the results of numerical calculations of the
fiber concrete element as a beam on an elastic base, the
bending moment diagrams are compiled taking into
account the concentrated forces, mathematical functions
and the bending stiffness factor B* [5] and presented in
Fig. 5.

Using formula (5), we determine the bending
moment in the fiber concrete block, taking into account
the concentrated load and mathematical functions, the
coefficient of relative bending stiffness [7] (Fig. 6):

3.318
18.757

14 477

Fig. 5 - Bending moment diagram in a fiber concrete block as a beam on an elastic base
Puc. 5 - lnarpamma u3rudaromero MomMeHTa B GpHOpoOeTOHHOM OJI0Ke B BUIC OAJIKH HA YIPYTOM OCHOBAaHHU
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Based on the results of numerical studies of a
fiberconcrete block reinforcing a SHS truss assembly,
using the phenomenological approach, a graph of the

dependence of the bending stiffness coefficient § on the
correction factor B* (figure 6) was made [11].

4P
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0.6 ——Jy=38
05 2y=30
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05 2y=21
0,2
0,1

0 » B*,1/m

1,15 1,2 1,25 1,3 1,35 1,4

Figure 6 - Diagram as a function of strut width to girder width B, coefficient of relative bending stiffness B* with regard to girder
width to its thickness 2y
PucyHok 6 - JluarpaMma 3aBUCHMOCTH LIMPUHBI CTOMKHU OT MIUPHHBI OaKH 3, KO3)OULMEHT OTHOCUTENBHO )KECTKOCTH TIPU
n3rube f* B OTHOIICHUH MIMPUHBI OAJIKH K €€ TOJIHHE 2y

On the basis of the obtained results of numerical
studies, graphs of relations between the values of strut
width to chord width B and the bending stiffness
coefficient B* have been plotted [3]. Thus, it should be
noted that the bearing capacity and strength of a fiber
concrete block as a beam on an elastic base as a local
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reinforcement of a truss node made of SHS depend on
the width of the strut and its thickness [7].

Based on the results of numerical calculations of the
fiber concrete block, as a beam on an elastic base, using
the phenomenological approach, graphs (Fig. 7) of the
dependence of the bedding factor on the bending
stiffness factor B* [12].

—— 2y
2y
2y
2y

» B*, 1/m

1,15 1,2 1,25 13

1,35

1,4 1,45

Fig. 7 - Diagram of dependence of bedding coefficient k and coefficient of relative bending stiffness p*
Puc. 7 - lnarpamma 3aBucuMoctd ko3 ULreHTa 3aneranus kK 1 koappuipeHtTa OTHOCHTEIBHON KECTKOCTH Ipu u3rube *

According to the results of numerical studies,
graphical and analytical dependences of the change in
strength characteristics of fiber concrete block under the
loading by concentrated forces were obtained [7].

The numerical model of the fiber concrete block, as
a beam on an elastic base, of the analyzed node more
accurately reflects its behavior during load transfer. The
analytical model contains some simplifications and
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generalizations, the purpose of which is to develop an
algorithm for designing and calculating nodes under
different  geometric  and  physical-mechanical
characteristics [12].

Numerical calculations of fiber concrete blocks, as a
beam on an elastic base, were performed using the SP
"ANSYS". [8]. Fibroconcrete block under the action of
concentrated load was used as reinforcement of truss
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nodes made of square hollow sections [8]. To conduct
the study, numerical models of truss nodes made of
square hollow sections with fiber concrete block
reinforcement were created (Fig. 1).

To calculate a fiber concrete block as part of the
local reinforcement of the nodes of structures of trusses
made of bent-welded profiles, as a beam on elastic
foundations, firstly, its calculation model is established
and the conditions of its contact with the foundation are
considered, and then the calculation is performed [13].

4. Discussion

Analysis of the numerical study at the considered
values of the parameters showed the following:

1. The performed analytical studies made it possible
to determine the method of calculation of fiber concrete
element as the work of a beam on an elastic basis [11].
This selects an arbitrary point on the basis of this point
performs the calculation of the block as part of the node
of a truss made of square hollow sections.

2. The equations based on which it is possible to
determine bending moments at arbitrary points of fiber
concrete block as a beam on an elastic basis are
obtained.

3. Equations were obtained, on the basis of which we
can analyze the bedding coefficients of fiber concrete

block as a beam on an elastic base k = 4EJ - ﬂ*4 .

4. The methods of calculation of a fiber
concrete block based on the theory of a beam
on an elastic base, which is important in

construction practice, have been developed.

In spite of the absence of a full-fledged normative
and technical base for the methods of calculation of fiber
concrete block as a beam on an elastic base as reinforced
nodes of square hollow sections trusses, the finite-
element model developed in PC "Ansys Workbench"
allows one to reliably determine the bending moment
[13]. Based on it, it is possible to determine the bedding
factor k and the bending stiffness factor * of the block.

Based on the results of numerical studies, a
methodology for calculating a fiber concrete block
locally reinforcing a truss unit made of square hollow
sections as a beam on an elastic base is proposed. Next,
an experimental study should be performed to
implement the methodology in construction.

5. Conclusion

The following conclusions can be drawn from the
results of the work:

1. The calculation scheme of a fiber concrete block
as a beam on an elastic base, which most closely reflects
its work as part of the calculation model of a node
including struts and truss chords made of square hollow
sections, is determined.

2. The applicability of the beam analogy to the
computational scheme of a fiber concrete block as a
beam on an elastic base is established.

3. The method of calculation of fiber concrete block
as a beam on an elastic basis taking into account the
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beam analogy as a part of a truss node made of bent
profiles has been proposed.

4. The bending moment calculation procedure of
fiber concrete block as a beam on an elastic base has
been determined.

5. The method of calculation of the bending stiffness
coefficient, f*=1.291 m-1, 1.324 m-1, 1.346 m-1, 1.373
m-1 of fiber concrete block as a local reinforcement of
truss nodes made of square hollow sections has been
determined.

6. The method of calculation of stiffness coefficient,
k=10819 kPa, 13891 kPa, 16577 kPa, 17767 kPa of fiber
concrete block as a beam on an elastic base as a local
reinforcement of a truss node made of square hollow
sections is defined.
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AnHotanus. CTaTbs IOCBAIICHA aHATUTHYECKOMY U YHCICHHOMY HCCIIEIOBAHUIO Y3JIOB (hDepPMBI, BBIITOJIHEHHBIX U3 KBAaJPAaTHOTO
ITyCTOTEJIOT0 CEYEHHMS C JIOKAJIbHBIM OETOHHBIM 3aroiHeHneM. [IpoBeeH drucneHHslil aHann3 GHOpOOETOHHOTO >JIEMEHTA B BUIE
0aky Ha yIIPyroM OCHOBAHHUHM B KQUECTBE JIOKATHHOTO YCHIICHHS y371a (hepMbl, BHITOJTHEHHOTO U3 KBaPaTHBIX MOJBIX Mpoduiiei,
1oJ IefiCTBUEM COCPEAOTOYEHHOMN HArPy3KU OT COCEAHEH CTOMKU.

ITpenmet ucciaenoBanus: [IpeMeTOM HCCIIEIOBaHHS SBIACTCS JIOKATEHOE 3aM0JIHEHHE OETOHOM apMHPOBAHHBIX Y3JI0B (hepM U3
CBC coemunenuss K-tuma, m pacuer Hecymeill crnocoOHocTH y310B ¢epm u3 BIIIl mox Bo3aelcTBHEM HECKOJIBKHX
COCPEIOTOUYEHHBIX CKMMAIOIIMX Harpy30K OT 3I€EMEHTOB PacKoca.

Marepuajbl U MeToAbl: IIpUMEHEH MeTOA BHYTPEHHETO HCCIEIOBaHMSA, OCHOBAHHBIM Ha UHCIEHHOM 3KCIEPUMEHTE H
xommbioTepHOM MonenupoBanun SP "ANSYS Workbench" nokamsaoro ycmnenust ysna ¢epm u3 CBC K-o6pasnoro Ttuma
COCJIMHEHUS], JIOKATBEHO 3aII0JHEHHOTO OETOHOM.

PesyabTatel: I[IpencraBiieHBl MpoCThle W HAIEKHBIC METOABI YCWJICHUS Y3JIOB, BBIIOJIHEHHBIX W3 KBaJpaTHBIX ITyCTOTEIBIX
npodwield myTeM 3amoiHEeHHs OSTOHOM. a TakkKe COOTBETCTBYIOLIME MeTonsl MX pacdera. CoeanmHeHHs Y3110B (epMbl,
BBITIOJTHEHHBIE U3 KBAJPATHBIX MOJbIX mpodumeil K-oOpasHoro Tuma coeAMHEHHs C NPSMBIM IPUMBIKAHHEM, JAIOT BBICOKOE
KauecTBO MIPH MUHUMAJBHBIX TPYA03aTPaTaX U METAUIOEMKOCTH.

BeiBoabl: Hecymias ciocoOHOCTE y3710B (hepMbl, BBIMONTHEHHBIX U3 KBAAPATHBIX MONBIX NpoduUIeH, MOXKET ObITh yBEMUEHA 32
CUeT JIOKAJIbHOTO 3aMOTHEHUS] BHYTPEHHEH MONOCTH XOPAbI 6ETOHOM, UTO MO3BOJISET PA3rPy3UTh MOJKY, K KOTOPOH MPHUMBIKAIOT
pelIeTyaTslii JIeMeHT ¥ OOKOBBIE CTEHKH XOPIbL.

Knrwuessble ciioBa: KBaﬂpaTHOG I10JIO€ CEYECHUEC, KECCTKOCTD ITPU I/I3FI/I6e, YHUCJICHHOC UCCIICAOBAHUEC, CTaJIbHAsA pr6a ¢ OETOHHBIM
3aIllOJIHEHUEM, METO/] pacdeTa.

50



