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Abstract.

Introduction. The article looks at the issue of determining the design lengths of rods of the structural construction of the
Kislovodsk type. While examining the existing structure of the coating of the shopping center, in the design documenta-
tion for the object, the authors found that the design length coefficient equal to 0.8 was used in the calculations of the rod
structure. The value of 0.8 is due to the results of the tests performed at Kucherenko Central Research Institute in 1987.
However, according to the current regulations, a coefficient of design length equal to one is to be used. The aim of the
article is to justify the value of the design length coefficient in calculations of such structures.

Materials and Methods. A standard unit of attaching rods to a nodal connector is considered. It was decided to study the
work of both a separate structural unit and rods together by modeling in the Femap with Nastran software package. The
paper considers the effect of a nodal joint on the stability of an individual rod. To this end, a nodal structural element with
a support at the contact connection of a compressed rod and a calculation of a separate rod for stability was modelled. A
system of rods is then considered in order to determine the critical force, taking into account the influence of adjoining
elements. The scheme consists of four rods of the lower belt and four rods of the braces connected in one node and loaded
with a compressive or tensile load.

Research Results. The considered separate joint of the rod with the connector, where compressive forces are transmitted
through a tight contact, is very close to rigid fastening by the nature of the work when checking the stability of the rod.
The design length coefficient for compressed elements ranges from 0.77 to 0.88, depending on the force values in the
elements and their cross sections. Based on this, it can be unambiguously concluded that the application of a coefficient
of 0.8 for all compressed rods cannot be theoretically justified.

Discussion and Conclusion. The coating studies show that the requirements of SP 16.13330.2011 "Steel Structures" are
correctly applied in terms of determining the design length of a compressed rod equal to 1, and the use of a coefficient
equal to 0.8 cannot be theoretically justified. Reducing the metal consumption while using reduced design length coeffi-
cients in calculations does not lead to significant savings for the overall structure and is not feasible.
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AHHOTALUA

Beseoenue. B cratbe pacCMOTpEH BONPOC ONPENENEHUs] paCUETHBIX JUIMH CTEP>KHEH CTPYKTYPHOI KOHCTPYKIMU THIA
«Kucnosoack». [Ipn o0cnenoBanuy cyniecTByIOMIEH KOHCTPYKIUH TOKPBITHS TOPTOBOTO IIEHTPa B IPOEKTHOH IOKYMEH-
TalMu Ha 00BEKT aBTOPAMU CTAThH BBISIBIICHO, YTO B pacyeTax KOHCTPYKIMH JUIsl CTep)KHEH MpUMeHsIeTCs KO3 HIUEHT
pacyetHo#t muuHbl, paBHbli 0,8. 3Hauenne 0,8 oOycioBieHo pesynbraTamu npoBeneHHBbIX ucnbiTanuii B [IHUMHUCK
M. Kyuepenko B 1987 r. OHako qeHCTBYIOINE HOPMATHBHBIE JOKYMEHTBI MPEANICHIBAIOT UCIOIB30BaTh KOG PHUILIHU-
€HT pacuyeTHOH JIMHbI, paBHbIN 1. Llenbro 1aHHOMN CTaThH ABIAETCS 00OCHOBAHME 3HAYCHUS KO3 PHUINEHTa pacyeTHON
JUIMHBI B pacueTax MOZOOHBIX KOHCTPYKIHH.

Mamepuanst u menmoost. PaccMOTpeH CTaHAAPTHBIH y3€l KPETIICHUsI CTEp)KHEH K y3710BOMY KOHHEKTOpY. [IpuHsTO pe-
IeHne 00 N3y4eHnH paboThI KaK OTASIBHOTO Y371a CTPYKTYpHOIH KOHCTPYKIIMH, TaK ¥ CTEPKHEH COBMECTHO IPH IIOMOIIH
MOJICIMPOBaHUs B IPOrpaMMHOM koMmIuiekce Femap with Nastran. B pabote paccMaTpuBaeTcs BIHSHHE y3JI0BOTO CO-
€ZIMHEHNs Ha YCTOHYHMBOCTh OTJENBHOTO CTEPKHS. (s 3TOro BBINOJIHEHO MOAETHPOBAHUE Y3JIOBOI'O 3JIEMEHTa KOH-
CTPYKIIMM C ONHMPAHHUEM IIPU KOHTAaKTHOM COEJIMHEHHH CXKAaTOTO CTEPXKHS M pacueT OTJENIHOIO CTEPKHS Ha yCToHuu-
BOCTb. 3aTe€M PacCMaTPHUBAETCS CHCTEMa CTEp)KHEH Ui onpeAeseHuss KpUTUIECKOH CHIIBI C Y4eTOM BIIMSHUS COCEIHUX
aneMeHTOB. CxeMa mpescTaBisieT co00M YeThIpe CTep KHS HIKHETO 0sica U YeThIpe CTEPIKHS PacKOCOB, COCTUHEHHBIX
B OZIHOM Y3JI€ U 3arPY>KEHHBIX C)KMMAIOLEH WIN PACTATUBAIOLIEH HArPYy3KOM.

Pezynomamut uccnedoganus. PacCMOTPEHHBIN OTIEIBHBIN Y3€1I CTHIKA CTEPIKHS C KOHHEKTOPOM, B KOTOPOM CXKHMAI0-
M€ yCUIINS IEPEIAf0TCs Yepe3 INIOTHBIM KOHTAKT, 10 XapakTepy padoThl MpH MPOBEPKE YCTOMIMBOCTH CTEPKHS BECbMa
OIIM30K K KECTKOMY 3aKpEIUICHHIO.

KoadduuumeHT pacueTHON ATUHBI AT CKATHIX 3JIEMEHTOB HaxoauTcs B mpenenax ot 0,77 mo 0,88 B 3aBHCHMOCTH OT
3HAUEHHMH yCWIIMI B 3JIEMEHTaX M MX CeYeHUH. VI3 yero MOXHO clieNlaTh OJHO3HAUHBIN BBIBOJ O TOM, YTO IPHMEHEHHUE
ko3 dunnenra 0,8 11 BceX CKaThIX CTEPKHEI HE MOXKET ObITh TEOPETHYECKH 000CHOBAHHO.

Obcycoenue u 3axniouenue. IIpoBeIeHHBIC UCCIICAOBAHMS TOKPBITUS MOKA3bIBAIOT MPABUIILHOCTH MPUMEHEHHSI TPeOO-
Banuii CII 16.13330.2011 «CranbHble KOHCTPYKIIMWY B YaCTH ONPEICIICHHUS PACUSTHOH IJIMHBI CXKaTOTO CTEP)KHS PaBHOI
1, a ucrionpb3oBanue Kodpduimenta pasHoro 0,8 He MOXKET OBITH TEOPETHUYECKH 000CHOBaHO. CHIKEHHE METANIOEMKO-
CTH TIPH MCIIOJIb30BaHNH B pacyeTax MOHMKEHHBIX KO3()(OUIIMEHTOB pacueTHOW JUIMHBI HE MPUBOAMT K 3HAYMMOW 3KOHO-
MUH JJIsI KOHCTPYKIWH B 1IEJIOM U HE SIBIISIETCS IEJIeCO00pa3HO.

KuaroueBble ci1oBa: MPOCTPAaHCTBCHHAA pelICTIaTas CUCTEMA, CTPYKTYPHAA KOHCTPYKI U, paCYC€THasA JJIMHA, YCTOﬁqHBOCTB

Hdas umtupoBanus. Llyuxkuii C.B., Jlumanues A.A. K Bonpocy omnpeneneHust pacueTHBIX JJIUH 3JIEMEHTOB B CTPYKTYp-
HBIX KOHCTpYKIMsX Thna «KucnoBonck». Cogpemennvle menoenyuu 6 cmpoumenscmee, 2padocmpoumenscmee u nid-

Hupoeke meppumoputi. 2026;5(2):41-48. https://doi.org/10.23947/2949-1835-2026-5-2-41-48

Introduction. Spatial lattice systems have been actively developed since the second half of the 20" century, and it
was during this time that lots of different buildings and structures were designed that were covered with structural
constructions® [1-3]. One of the most common lattice structures of pipe coating in Russia is the Kislovodsk type
structure [4-5] developed as part of a state program and designed to solve the problems of organizing production and
complete supply of light metal structures of industrial buildings.

The main property of both planar and spatial rod systems is that all elements are subject to a uniaxial stress-strain state
(compression or stretching). Stretched elements are calculated for strength, and compressed elements are calculated for
stability. In turn, the stability of an element directly depends on its calculated or reduced length. According to the regula-
tory documents, both in the current version and those in force in the past, while calculating the elements of spatial struc-
tural structures, the full geometric length of the rod is to be taken as the design length, or, in other words, a coefficient of

 Dykhovichny YuA, Zhukovsky EZ Modern Spatial Structures (Reinforced Concrete, Metal, Wood, Plastics). Moscow: Higher School; 1991. 543 p.
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the design length equal to 1 should be applied (except in cases when the elements are welded in the nodes adjacent to
spherical or cylindrical nodal elements; in this case the coefficient is assumed to be 0.85).

Throughout the course of the study of the mall coating designed in 2004, while analyzing the initial documentation
and collecting initial data for a verification calculation of the structural construction, it was found that while designing
it for rods with pipe cross-sections of 48x2.8, 57x3.2 and 76x3, the design length coefficient of 0.8 was used. This
coefficient value was adopted by the developers of the design documentation as a result of tests conducted at the
Kucherenko Central Research Institute in 1987. The aim of the article is to model the operation of a nodal element of
a Kislovodsk-type structural construction and to substantiate the value of the design length coefficient in calculations
of similar structures.

Materials and Methods. Let us consider the design of the attachment point of the elements to the nodal connector.
The connecting element is a nodal connector that is a steel polyhedron with threaded holes (Fig. 1). All rods of the system
have the same nominal length and consist of electro-welded or hot-rolled pipes with washers welded to the end. The rods
of high-strength bolts with hexagon couplings attached to them are passed through the holes of the washers (Fig. 2). The
threaded holes are directed towards the belts and braces converging at the node. The faces of the nodal element are normal
to the axes of the holes and are equally spaced from the center of the node. Thus, in the case of stretched rods, the force
is transmitted through high-strength bolts, and with a compressed rod, the force is transmitted through the contact of the
coupling with the connector face?.

N ' Rods are not VA )

Fig. 1. Rod attachment unit of the Kislovodsk system.
URL.: https://meganorm.ru/Index2/1/4293830/4293830102.htm (accessed: 17.04.2026)
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Fig. 2. Rod element of the Kislovodsk system.
URL: https://meganorm.ru/Index2/1/4293830/4293830102.htm (accessed: 17.04.2026)

2 Spatial Lattice Structures Made of Pipes of the Kislovodsk Type. Working Drawings. 1.466-2 Series. Gipromontazhindustry; 1973. URL:
https://meganorm.ru/Index2/1/4293830/4293830102.htm (accessed: 16.03.2026).
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At a quick glance, such a joint seems to be more "hinged" than "rigid". However, a coefficient less than 1 can be
obtained only with a "rigid" connection of the rods. Therefore, in order to verify the validity of applying a coefficient
equal to 0.8, two questions need to be answered: what is the coefficient of stability of the rods of the lattice elements with
a rigid connection and to what extent the accepted junction node can be considered close to rigid in terms of the stability
of the rods.

As part of the study, it was decided to investigate the operation of structural construction elements using computer
modeling. Modern engineering analysis systems (or automation systems for engineering calculations) — CAE (computer-
aided engineering) — provide solutions to a large number of diverse problems of linear and nonlinear static analysis with
a high degree of accuracy [6-10].

In order to perform calculations within the framework of this work, the Femap with Nastran software package was
chosen as a powerful and flexible tool for solving a wide range of task types.

Research Results. The research part is divided into two separate tasks. First, the influence of the nodal connection
described above on the stability of one rod is considered. Secondly, a system of rods is considered in order to determine
the critical force, taking into account the influence of neighboring elements.

Task 1. Femap with Nastran provides the ability to connect two bodies of three-dimensional finite elements that touch
each other, but do not have common nodes, using a "contact” and "glued" type connection. A "glued" joint restricts the
movement of nodes in all directions over the entire joint area, and in fact the two bodies become one. The "contact" type
connection prohibits the mutual penetration of bodies and allows one to model the free support of one body on another
with no connection.

Let us model a node connection in the Femap with Nastran system. The connector is conventionally represented as a
parallelepiped, the hexagonal coupling is replaced by a cylinder. The main rod is represented as a rod element and is
connected to the coupling by means of a rigid coupling. The coupling and connector in the model is made as a "contact",
which is closest to the actual design of the node. To compare, a stability calculation was also performed for the "glued"
joint, which corresponds to a rigid joint (Fig. 3).

The main rod in the structural design has a cross-section in the form of a round tube of 80x3 and a total length of 300 cm.

The Euler force for such arod is
m2ElL, _ m2-20600-53,87

P = = 121,7kN.

12 3002
The values of the forces where the stability of such a rod was lost were 240.1 kN at the "glued" type connection, 216.1
kN at the "contact" type connection (Fig. 4). In this case, the design length coefficients are 0.712 and 0.75, respectively.
Comparing the results clearly shows that the actual operation of the node in terms of stability is very close to the rigid
connection of the rod to the connector. The value of the longitudinal bending coefficient increases by 5%.

13- 13y
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Fig. 3. Options for modeling a nodal connection: a — "glued" type connection; b — "contact" type connection
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Fig. 4. Loss of stability while connecting: a — "glued"; b — "contact" type

Task 2. In order to identify the critical force for compressed elements, the following calculation scheme was chosen:
four elements of the lower belt and four lattice elements connected in one node are considered [11-14]. The opposite end
of each of the circuit elements has a hinge attachment. The length of all of the rods is 3 meters. It should be noted that
while adding elements of the upper belt to the calculation model, the bevel rod will have two ends with varying degrees
of pinching from loss of stability. However, it is assumed that the elements of the upper belt are predominantly in a
compressed state, therefore they have a lower fixing effect, which is commonly neglected.

For starters, let us provide as an example an idealized loading variant of the design scheme, where all the elements of
the lower belt are stretched by a single force, and the elements of the braces are stretched and compressed in pairs by a
single force (Fig. 5). The cross-section of all the elements is a 60x3 tube.

Fig. 5. Calculation scheme
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Fig. 6. Deformed circuit with loss of stability option 1

The compressed rods lost their stability at a force of 82.14 kN (Fig. 6), which yields a stability coefficient of 0.776.

The following is an example with a calculation for force ratios taken from an actual design. The loss of stability of the
compressed rod occurs at a force value of 143.88 kN (Fig. 7), which yields a stability coefficient of 0.849. Some other
combinations of forces and cross-sections of elements that were calculated as this study was being performed resulted in
a design length coefficient ranging from 0.77 to 0.88.

Fig. 7. Deformed circuit with the loss of stability option 2

As a result of the calculations, the following conclusions can be made:

1. The joint of the rod with the connector, where the compressive forces are transmitted through a tight contact, is
very close to rigid fastening by the nature of the work while testing the stability of the rod.

2. The design length coefficient for compressed elements ranges from 0.77 to 0.88, depending on the force values in
the elements and their cross sections. Based on this, it can be unambiguously concluded that the application of a coeffi-
cient of 0.8 for all the compressed rods cannot be theoretically justified.

Discussion and Conclusion. The studies of the coating in the form of a structural constructions of the Kislovodsk
type show the correctness of the application of the requirements of SP 16.13330.2011 "Steel Structures” in terms of
determining the design length of a compressed rod equal to 1, and the use of a coefficient equal to 0.8 cannot be theoret-
ically justified. On top of that, while calculating and designing such structures, the fact that in a system of this type there
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are a large number of rods with different forces should be taken into account and considering all possible combinations
is a complex task. At the same time, the increase in metal consumption while considering a single element and taking into
account only the pipe section is 20-30%, however, if the metal consumption and cost of manufacturing the entire structure
is taken into consideration, these savings are significantly offset and are not feasible.
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