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In this article, a comparative assessment of the technical and economic efficiency of rational
combined steel trusses with typical trusses according to DSTU is considered. New rational constructive
combined forms of covering systems (roof trusses) have been developed for spans of 18, 24 and 30 m,
with less material consumption and labor intensity compared to existing analogues. It is shown that the
mass of such rational combined steel trusses with a span of 18 m is less than a typical one by 13 % to
16.5 % depending on the value of load, for a combined truss with a span of 24 m the mass is less by
20.5 % to 25 %, and for a 30 m - from 12.5 % to 17 %. The results of the evaluation of the technical and
economic efficiency are presented. The main criterion for the economic efficiency of constructions is
general costs. A comparison of the technical and economic efficiency proves that our proposed option
provides a significant saving of material and labor resources.Widespread implementation can provide a
significant economic effect, which is important in the conditions of post-war reconstruction of Ukraine.
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Introduction

Steel trusses are widely used in industrial and civil buildings. Both the architectural appearance of
the building and its cost depend on their constructive decision, since the trusses make up approximately 30-
40 % of the total cost of the building during construction (Pichugin et al., 2014). The steel systems used as
building structures are extremely diverse and widely used. These are statically determined and
indeterminate trusses, as well as combined roof trusses. The use of such structures opens up wide
opportunities for the creation of coatings that differ in lightness, high technical and economic indicators,
and architectural expressiveness (Gogol, 2018; Gogol et al., 2018).

The implementation of advanced materials made it possible to significantly improve the operational
characteristics of steel trusses (Hohol et al., 2023; Hohol et al., 2022; Lavrinenko et al., 2019; Shy-
manovskiy et al., 2018). The modern level of production of rolled profiles makes it possible to produce
such cross-sections of the rods of combined trusses that correspond to the work of the elements in
compression, tension, bending, compression with bending (Briitting et al, 2019). At the same time, the trus-
ses provide the standard load-bearing capacity, are lighter and cheaper, and are competitive compared to
foreign analogues (Briitting et al., 2019; Gogol, 2018; Panagiotis et al., 2002; Pichugin et al., 2013). These
materials make it possible to increase spans, reducing the number of supporting columns and increasing
architectural freedom. In addition, innovative manufacturing technologies, including 3D printing and
robotic welding, allow trusses to be manufactured with increased precision and reduced labor costs (Amir
et al, 2016).

The analysis of literature and patent materials devoted to combined steel trusses allows us to
conclude that such structures are the most promising in terms of the potential hidden in such systems (Fang
et al, 2021; Madrazo-Aguirre et al, 2015). The development of steel building structures (roof combined
trusses) is connected with the task of increasing their efficiency by reducing mass and, therefore, reducing
steel costs. Combined steel structures make it possible to reduce steel consumption by 21-27 % and the
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cost of their manufacture, which as a result gives a reduction in their actual cost by up to 31 %, compared
to typical designs of similar spans (Cazacur et al., 2014; Gogol, 2018; Janusaitis et al., 2012).

But today, in Ukraine and in the world, not enough research has been carried out, which would
ensure the purposeful design of rational combined steel structures, make comprehensively justified
decisions, which will ensure better design and implementation of competitive solutions. This will contri-
bute to their widespread use in buildings and structures, which will ensure a general economic effect.
There are also no general recommendations for determining the technical and economic efficiency of
rational combined steel trusses. Therefore, further scientific research is needed to substantiate the effec-
tiveness of such combined systems.

The aim of the work is to analyze and evaluate the technical and economic efficiency of rational
combined steel trusses.

Materials and Methods

At present, we have developed new rational constructive combined forms of coating systems, with
smaller dimensions and material consumption compared to existing analogues (Table 1, b). Such rational
constructive forms of a combined steel truss (minimum mass) according to geometric parameters (frame
outline) and physical (distribution of material between truss elements). They allow to reduce the metal
consumption and labor-intensive manufacturing due to the simplification of the design scheme, more
rational work, reduction of the number of elements and nodes, which in general increases the reliability of
the work of such structures.

Table 1

Schemes of rational steel combined trusses of span 12-30 m

a) according to DSTU b) proposed and developed
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A rational roof steel truss consists of a rigid upper chord made of a bent-welded profile of a
rectangular cross section, a broken line shaped lower chord connected to it with a slope of the upper and
lower belts of 1.5 %, racks, braces connected to the upper and lower belts, contains struts located at an
angle of 80°, and the braces are made of high-strength reinforcing rods that form an N-shaped lattice,
which is attached to the upper and lower chords by hinges.
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The main criterion for the economic efficiency of constructions is mainly the given costs, which
include the costs of creating the structure, i.e. reducing costs is the most important condition for choosing a
rational structural form (Bouw et al., 2009; Shmukler, 2017). In turn, the decrease of the structure mass is
associated with a decrease in the labor intensity of manufacturing and installation. These factors are
interrelated, and the effectiveness of their influence on the structural form is greater, the more fully the
requirements for ensuring the manufacturability of the structure are taken into account during the design
(Zinkova, 2014). So, a rational design is one that has a minimum mass, manufacturability and minimum
labor-intensiveness of its manufacture.

Therefore, to evaluate the technical and economic efficiency of rational steel roof trusses, which do
not require additional investment costs, we consider it appropriate to apply the criterion of comparative
efficiency, which characterizes the technical and economic advantages of one option over others in terms
of the rational use of all types of resources and costs.

We will conduct an comparative analysis of the technical and economic efficiency of rational
combined steel trusses with spans of 18, 24 and 30 m at different values of uniformly distributed load,
which corresponds to the values of DSTU by the method of comparison with typical trusses operating at
the same load and the same spans (Fig. 1, 2, 3).
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Fig. 1. Dependence of the mass of a typical truss according to DSTU
on the value of the uniformly distributed load q
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Fig. 2. Dependence of the mass of a rational combined steel truss
on the value of the uniformly distributed load q
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For a rational combined steel truss, the dependence of the mass on the value of the uniformly
distributed load q is shown in Fig. 2.

In fig. 3 shows the efficiency (comparison of masses) of a rational combined steel truss (in percent)
compared to a typical truss according to DSTU.
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Fig. 3. Efficiency (comparison of masses) of a rational combined steel truss
(in percent) compared to a typical truss according to DSTU

As can be seen from fig. 3, the mass of a rational combined steel truss with a span of 18 m is less
than a typical one by 13 % to 16.5 %, depending on the amount of load, for a combined truss with a span
of 24 m, the mass is less by 20.5 % to 25 %, and for 30 m - by 12.5 % to 17 %.

For example, for a 30 m rational combined steel truss (Fig. 4) with a linear load q = 17.65 kN/m, the
cross-sections of the elements are shown (Table 2).
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Fig. 4. Rational combined steel truss L = 30 m: a - general view; b - element numbering
Table 2
Elements specification for rational combined steel truss of span 30 m

Ne Element type Steel Cross-section Mass, kg
1 Upper chord C345 0200x7 1233,1
2 Lower chord C345 0l100x7 394.8

3 Lower chord C345 0100x4 117,2
4 Stumps C255 080x3 26,2

5 Stumps C255 060x3 19,2

6 Stumps C255 050x3 7,7

7 Braces A400C ( 1.%9) 2239

Number of elements 21 psc, weld seam length — 19,8 m

Total mass: 2022,1 kg
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A comparison of the efficiency of such a truss with a typical benchmark truss is given in Table 3.

Table 3
Comparison of the technical and economicefficiency
of a rational combined steel truss L. =30 m and a typical truss according to DSTU

Index Unit Truss ia;:;:?;ilng o Rational truss
Steel cost UAH 61973 53795
Manufacturing cost UAH 12 865 8 806
Total cost UAH 74 838 62 601
Truss mass kg 2455,5 2022,1
Weld seam length m 39,2 19,8
Number of elements psc 41 21
Number of joints psc 23 12
Maximum tension % 84,7 99,0
Minimum tension % 0,2 20,2
Energy consumption kW-h 1102 862
CO, emission t 4,31 3,54

As can be seen from the table 3, reduced steel consumption by 15.2 %, labor cost by 46 %, truss
weight by 21.4 %, number of elements and number of nodes by almost 2 times, as well as energy
consumption during manufacturing and carbon dioxide emissions.

Results and discussion

Since the alternative version of the construction of the farm practically does not require additional
capital costs, in order to evaluate its effectiveness, it would be appropriate to calculate indicators of
comparative technical and economic efficiency, which characterizes the advantages of one option over
others in terms of the rationality of using current material and labor costs. For this, it is necessary to
compare their manufacturing labor intensity and estimated costs.

Conclusions

New rational constructive combined forms of covering systems (roof trusses) have been developed
for spans of 18, 24 and 30 m, with smaller dimensions and material consumption compared to existing
analogues.

The technical and economic efficiency of rational combined steel trusses has been established.

The main criterion for the economic efficiency of constructions is general costs.

The mass of a rational combined steel truss with a span of 18 m is less than a typical one by 13 % to
16.5 %, depending on the amount of load, for a combined truss with a span of 24 m, the mass is less by
20.5 % to 25 %, and for a 30 m - from 12.5 % to 17 %.

A comparison of the technical and economic efficiency of a rational combined steel truss and a
typical truss that meets the DSTU proves that the option we offer provides a significant saving of material
and labor resources, and if it is widely implemented in production, it can provide a significant economic
effect for the national economy, which has of particular importance in the conditions of martial law and
post-war reconstruction of Ukraine.
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Haunionanshuii yHiBepcutet “JIbBiBChKa MOMiTEXHIKA”,
' Kadenpa GymiBeqpHOr0 BUPOOHHUIITBA

? Kadenpa aBTOMOGLIBHIX JTOPIT i MOCTIB
HaunioHanbHuii TicOTEXHIYHUI YHIBEpCUTET Y KpaiHH

* Kadpespa MEHEDKMEHTY i MApKETHHTY

E®EKTUBHICTDH PAIIIOHAJIbBHUX KOMBIHOBAHUX CTAJIEBUX ®EPM
© locone M.B., Huuvka I1.K., Cuoopax /.11., ['ocone M.M., 2023

VY naHiii cTaTTi PO3MISTHYTO NOPIBHSUIbHY OIIHKY TEXHIKO-€KOHOMIYHOI €peKTUBHOCTI pallioHAIbHIX
KoMOiHOBaHUX craneBux (¢epMm 3 TunoBumu (epmamu no JJCTY. Pospobneni HOBI parioHadbHI KOHCTPYK-
TUBHI KOMOiHOBaHi (pOpMH CHCTEM HOKPUTTIB (KpOKBsHI (pepMu) 11 nponboTiB 18, 24 1 30 M, 3 MeHIIMMU
rabapuramu i MaTepiaJOMICTKICTIO B MOPIBHSHHI 3 ICHYIOUMMHU aHaJOraMu. 30Kpema, POo3IJIsIHyTO KOMOiHO-
BaHi craneBi ¢pepmu nponboroM 12 ta 15 M. HaBeaeHno nopiBHIIbHY TaONHIF0 KOHCTPYKIIH (hepM BIAMIOBITHO
mo ICTY Tta po3pobiieHUX 3amporoHOBaHUX BapiaHTiB. ITokazaHo, 1o Maca TaKUX pallioHAIbHUX KOMOIHO-
BaHUX CTAJICBUX (pepM MPOIHOTOM 18 M MEHIIA MOPIBHSIHO 3 TUMOBOKO Ha 13 % 1o 16,5 % 3amexHOCTI i
BEJIMYMHHA HaBaHTAXKEHHSI, JJIs1 KoMOiHOBaHOI (hepMu ponboToM 24 M Maca MeHma Ha 20,5 % no 25 %, a ans
30 M —Big 12,5 % m0o 17 %. Y dopMi miarpaM mokasaHa 3ajeKHICTh MACH BiJl BEIMYMHN HABAHTAXKCHHS IS
tunoBux ¢epm 3a JACTY Tta xomOiHOBaHmx craneBux (epM. Takok mnoka3zaHWH BiICOTOK €(EeKTHBHOCTI
KOMOIHOBaHMX (pepM B 3aJI©KHOCTI BiJl IPOJIBOTY Ta BEIMYMHU HaBaHTa)KeHHsS. HaBeneHi pe3ysabTaTH OIiHKH
TEXHIKO-€KOHOMIYHOI e()eKTUBHOCTI paIlioHaJFHIX KOMOIHOBaHUX cTayieBuX (epM. HaBemeHo crernudikariro
€JIEMEHTIB Ta CXeMy iX po3ramryBaHHS JUisi KoMOiHOBaHOI craneBoi ¢gepmu mpomsotrom 30 M. Ilokaszano
TeXHIKO-eKOHOMIuHe ropiBHsHHS TUNoBOoi (pepmu 3a JICTY Ta kOMOIHOBaHOI cTajeBoi GpepMu Ha MPHKIAi
KOHCTpYKIii nmposboroM 30 M. 30KpemMa, po3IIISIHYTO TaKi MapaMeTpH sIK BUTpaTa Ta BapTiCTh CTajli, BapTICTh
BUTOTOBJICHHS! KOHCTPYKIIii, 3arajibHi BUTPATH, KUIbKICTh €JIEMEHTIB, KUIbKICTh BY3JIiB, EHEPreTHYHI 3aTpaTH,
emiciss CO,, Tomo. HaBenennii mopiBHsUTbHUN aHalli3 Mokazye eeKTUBHICTH KOMOIHOBAaHHMX CTajeBHUX (hepm
MPaKTHYHO 3a yciMa MapameTpamMH. 3a OCHOBHHH KpUTepiil eKOHOMIYHOiI e€(EeKTUBHOCTI KOHCTPYKIIH Mpu-
HHATO npuBeneHi 3aTpat. [IopiBHSHHS TEXHIKO-€KOHOMIYHOI €)EeKTUBHOCTI pallioHaIbHOT KOMOIHOBaHOI CcTa-
neBoi hepmu i THmoBoi pepmu, 1o Biamosizae JICTY, moBomuTh, 110 MPOMOHOBAHUI HAMHU BapiaHT 3a0e3-
reyye 3HaYHy €KOHOMIIO MaTepiajibHUX 1 TPYAOBUX PECYpCiB, 1 32 YMOBH IIMPOKOI'O BIPOBAKEHHS y BUPOO-
HUITBO, MOXKE 3a0€3MEeUUTH CYTTEBUIH €KOHOMIYHUH eEeKT.

KuiouoBi ciioBa: koM0inoBaHa cTajieBa ¢epma, palioHaJbHA KOHCTPYKIifA, Maca, MeTAJIOMiCT-
KicTb Ta TPYAOMiCTKICTH BHIOTOBJICHHS,KPUTEPiil €KOHOMiIYHOI e¢eKTHBHOCTI, TeXHiK0O-eKOHOMiYHAa
e()eKTUBHICTb.



