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Introduction. Truss structures are widespread in construction due to a number of advantages, such as economy,
versatility, and scalability. Accordingly, their modeling and calculation are urgent tasks in the design of building
structures. Automatic solution to these problems causes an increase in design efficiency, calculation accuracy, and
lower costs. The objective of the study is to examine the functionality and operation algorithm of the software module
developed by the authors that generates the geometry of two-dimensional truss structures for subsequent modeling.
Materials and Methods. Following the research of the widespread truss configurations, the classification of chords
available in the software under consideration is given. The method of parameterizing a truss structure is provided. This
method includes base geometric parameters of the structure such as dimensions, model construction rules, and
additional features, as well as a comprehensive algorithm. The software is developed in JavaScript.

Results. The software module has been integrated into a web application for calculating two-dimensional rod structures.
To illustrate the functionality of the software, the examples of user interface are given as well as an example problem.
The example includes configuration and calculation of an inclined truss structure. The results, such as support reactions
and internal forces with axial force diagram, are provided.

Discussion and Conclusions. Using this software module within the framework of the tool for calculating rod
structures allows for the simplified process of modeling and calculating complex truss structures, design time, and
resource reduction. The software module provides tools for specifying various types of structures, applying loads and
assigning properties of a rod system, which makes it a useful instrument for design engineers.
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aKTyaJIbHBIMH 33/1a4aMH IIPH NPOEKTUPOBAHUM CTPOUTEIBHBIX KOHCTPYKIHMHA. ABTOMaTH3MPOBAHHOE pEIICHHE ATHX
npo0JIeM MPUBOJUT K MOBBIMIEHUIO () (EKTUBHOCTH NPOSKTUPOBAHMS, TOYHOCTH PacYeTOB M CHIKEHUIO 3aTpart. Llespto
JIAHHOTO HCCIIeJIOBaHMS SIBISUIOCH U3y4YeHHUE (YHKIMOHAIBHBIX BO3MOXKHOCTEH M alropuTMa paboThl pa3pabOTaHHOTO
aBTOPaMH HPOrPaMMHOTO MOJYJs, (GOPMHUPYIOLIETO TIEOMETPHI0 JIBYMEPHBIX (EPMEHHBIX KOHCTPYKUMH I
HOCIIEAYIONIEr0 MOJIEITUPOBAHHSL.

Mamepuanst u memoowt. 110 pe3yibTaTaM HCCIEAOBAHUS PACIIPOCTPAHEHHBIX KOH(UTypauii GpepM raHa HX yCIOBHAS
KIaccu(HKalKs, NOCTYyIHAs B paccMaTpuBaeMoill mporpamme. lIpuBeneHa MeToanka IapameTpu3alun (epMEeHHOH
KOHCTPYKIMH. DTa METOAWKa BKJIIOYaeT B ce0s 0a30BbIe I€OMETPHUYECKHE NapaMeTphl KOHCTPYKIHUH, Takue Kak
pasMepbl, IpaBWia IOCTPOGHHS MOIEIH M MJONOJHUTENbHBIE (YHKIMH, a TaKKe KOMIUICKCHBIH aJITOPHTM.
[Mporpammuoe obecnieyenue pazpadorano Ha JavaScript.

Peszynemamut uccnedoosanus. IporpaMMHBIH MOIYIIb MHTETPUPOBAH B BEO-NIPHUIOKEHHE IUISI pacueTa JByMEpPHBIX
CTEP)KHEBBIX KOHCTPYKIMH. Jlns wumocTpanuy  (QYHKIMOHAIEHOCTH IPOTPAaMMHOTO OOECIeYeHHs MpPUBEICHBI
IIPUMEpHI TI0JIb30BaTeNbCKOro nHTEp(eiica, a Takke mpumep 3axaun. [Ipumep BKIodaeT KOHQUTYpalnuio M pacdeT
HaKJIOHHOW ()epMEHHOH KOHCTpYKUMH. [IpHBeneHBI pe3ynbTaThl B BHJIC ONOPHBIX PEAaKIMd M BHYTPEHHHX CHIL,
IIOCTPOEHA AUarpaMma OCEeBBIX CHIL.

Obcyscoenue u 3akntouenus. VIcronp30BaHHe JAHHOTO NMPOrpaMMHOIO MOIYJISL B COCTaBE MHCTPYMEHTA Ul pacyera
CTEPXKHEBBIX KOHCTPYKLIHMH II03BOJIIET YIPOCTHTH IPOLECC MOAENUPOBAHUS M pacyeTa CIOXKHBIX (pEepMEHHBIX
KOHCTPYKLMH, COKPAaTUTh BpEeMS MPOEKTHPOBAHHMS M COKPAaTHUTb pPecypchbl. IIporpaMMHBIH MOXYJIb NPEdOCTaBISCT
HMHCTPYMEHTHI JUIA 3aJaHUs Pa3IMYHBIX THIOB KOHCTPYKUHMI, IPHIOKEHHS HATPY30K M 3aJaHHs CBOWCTB CTEP>KHEBOM
CHCTEMBI, YTO JIeJIAeT ero IT0JIE3HBIM HHCTPYMEHTOM UL HH)KEHEPOB-TIPOEKTHPOBIIHKOB.

Jna yumuposanusn: PazpaboTka mporpaMMHOTO MOAYJIS ISl TAPAMETPUUECKOT0 MOCTPOCHHS TeoMeTpun hepMeHHOM
KOHCTpyKmmu B aBymepHoil mocraHoBke / C.T.TI'mymko, A. A. Jlanun, 0. 0. latumoB [u ap.] // Advanced
Engineering Research. — 2021. — T. 21, Ne 4. — C. 376-383. https://doi.org/10.23947/2687-1653-2021-21-4-376-383

@unancuposanue. PaboTa BBINOIHEHA NPH 4YacTHYHOHN moanepkke FOkHOro ¢enepalibsHOr0 yHHBEpcuTeTa (IpaHT
BHI'p-07 / 2020-04. UM MuHOOpHAYKH).

Introduction. Truss structures are used in various building elements. Structural solutions of trusses are
distinguished by a great variety, differing in the set of parameters for their use and optimization. In the world practice
of using structures, there are more than 100 various systems differing primarily in the design of the rod interface. The
basic typical structural element is a bar that has conjugate fastening with other elements at the nodes. These designs
require certain approaches to the calculation and assessment of their reliability. In works [1-6], approaches to some
calculation and experimental methods for assessing their reliability are highlighted. Some approaches and calculation
schemes for assessing the reliability of defective structures as well as solving the problem of restoring the properties
of their individual elements are covered in monographs [7-8].

Rod structures are systems consisting of linear rods connected at nodes. By the nature of the connection of
elements in the nodes, systems with rigid nodes, hinged joints of all elements, and the combined ones are
distinguished. From the geometric point of view, planar and spatial rod systems are distinguished.

Truss structures are a subcategory of rod systems that remain geometrically unchanged if rigid joints in nodes
are replaced with hinged ones. The load is applied to truss structures only at the nodes, and only tensile-compressive
forces arise in their elements [9, 10].

Truss structures are widespread as elements of buildings and structures. This popularity is due to a number of
advantages [11].

Economy — lower material consumption compared to other building structures.

Versatility — the scope of application of trusses is very wide and includes bridges, roof truss systems,
cranes, etc.

Scalability — truss length can vary from a few meters to several kilometers.

Due to these characteristics of trusses, their modeling and calculation are urgent tasks in the design of
building structures. Automatic solution to these problems causes an increase in design efficiency and calculation
accuracy and lower costs [12, 13].

The objective of the study is to examine the functionality and operation algorithm of a software module that
generates the geometry of two-dimensional truss structures for subsequent modeling. This program module is a
component of the SAPRUS service.

Materials and Methods. Since truss structures are panel structures, i.c., they consist of many sections (panels)
identical or similar in geometry, it is possible to parametrically generate a model using the relative coordinates of the
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nodes when specifying the section. The parameters for such modeling are the total dimensions of the entire structure
(height and span of the truss) and the number of sections used.

The functionality of the software module under consideration provides for the modeling of truss structures of
6 types of chords and their subtypes, depending on the lattice used (Figure 1).
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Fig. 1. Structural diagrams used in the module

Classification of the types of trusses used is the following [14, 15]:
. rectangular with parallel chords;

. trapezoidal;

. triangular;

. inclined with parallel chords;

. inclined from both sides (arrow type);

. polygonal.

Classification of the types of lattices used is the following:

A. triangular;

B. triangular with uprights;

C. triangular with suspensions;

D. upward diagonal brace;

E. downward diagonal brace;

F. with sub-trusses [16].

JavaScript was used as a programming language for the development of the module. In this regard, the module

AN AW N =

provides ample opportunities for the implementation of cloud computing of building structures in the web-based
interface [17].

The software module is based on the object model, which is an array of objects describing each of the six types
of structures. Length / and height / are used as parameters for all types of structures. For truss types 2, 4, 5, the height
difference dh is required. For each type of structure, an array of objects describing the geometry of its subtypes is given;
it includes the position of nodes and bars, rules for constructing sections (parity, mirroring of structural halves, and
usage of separators).

The algorithm of the software module generates, according to the specified parameters, an array of absolute
coordinates of nodes of all truss rods. This data is sufficient to describe the model geometry. For a full-fledged
definition of a structure model within the module, the following additional features are provided:

— supports;

— hinges;

— offset of the left node relative to the origin of coordinates on the scheme;
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— loads on the upper structural nodes;

— element grouping for the convenience of subsequent processing.

The module operation algorithm is the following:

1. Calculation of nodal coordinates for the outer vertical bars of the structure if they exist for the selected
structure type.

2. Calculation of the width of individual sections and the coordinates of the nodes of the central support bar of
truss type 5.

3. Sequential calculation of nodal coordinates of each section and the formation of rod array.

4. Calculation of the coordinates of nodes for additional vertical bars between sections, if necessary, for the
selected subtype of the structure.

5. Preliminary visualization of the structure diagram inside the module.

6. Assignment of the additional properties.

7. Data transfer for design and calculation.

After the data has been transferred, the array has to be further processed to add generated elements to the
existing collections. Depending on the specific requirements of the wrapper application, this process can be vastly
different. The flowchart of the algorithm used in SAPRUS service is shown in Figure 2.
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Fig. 2. Post-processing flowchart
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As aresult, 2 collections are created: CollectionNodes and CollectionRods. The data stored in these collections
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is suitable for further manipulation and calculations.

Results. When the module is integrated into a web application for calculating two-dimensional rod structures,
the choice of the type and subtype of the scheme occurs in the graphical user interface. To enter truss dimensions as
well as additional parameters, fields and switches are used. If the type of truss and parameters are changed, the

preliminary design scheme is rebuilt automatically.

To illustrate the role of the module within the framework of a web application, we will demonstrate the design
and calculation of an inclined structure 20 m long, 10 m high with 3 m offset and consisting of 5 sections (panels). In the
nodes of the upper chord of this structure, concentrated forces of 5 kN are applied vertically, for the left and right-most
nodes, this force is reduced by 50 % automatically with the Point Load Factor option. The module interface and the
result structure diagram are shown in Figure 3. The structure is calculated with the finite element method [18, 19]. The

resulting diagram of axial forces is shown in Figure 4.
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The values of support reactions and internal forces of the calculated structure are presented in Tables 1 and 2,
respectively. In Table 1, R is the vertical component of the support reaction, H is the horizontal component of the
support reaction, M is the bending moment.

Support reactions

Table 1

Node # Support type Values
1 Pinned hinged support R1 =25 (kN), H1 =0 (kN), M1 = 0 (kN-m)
18 Fixed hinged support R3 =25 (kN), H3 =0 (kN), M3 =0 (kN-m)
Table 2
Internal forces
Rod # |Q, max| (kN) IN, max| (kN) M, max| (kN-m)
1 0 2.5 0
2 0 2.5 0
3 0 23.608 0
4 0 17.332 0
5 0 4.55 0
6 0 0 0
7 0 8.089 0
8 0 13.115 0
9 0 7.428 0
10 0 10.617 0
11 0 8.089 0
12 0 12.134 0
13 0 2.623 0
14 0 2.476 0
15 0 12.64 0
16 0 12.134 0
17 0 12.134 0
18 0 7.869 0
19 0 12.38 0
20 0 10.617 0
21 0 12.134 0
22 0 8.089 0
23 0 18.362 0
24 0 22.284 0
25 0 4.55 0
26 0 8.089 0
27 0 0 0
28 0 0
29 0 5 0
30 0 5 0
31 0 5 0
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Discussion and Conclusions. Using this software module within the framework of the tool for calculating rod
structures allows for the simplified process of modeling and calculating complex truss structures, design time, and
resource reduction. The software module provides tools for specifying various types of structures, applying loads and
assigning properties of a rod system, which makes it a useful instrument for design engineers.
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