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Summary. The paper presents the calculation of the metal frame of the stairwell under the action of static
loads, which was performed using the Dlubal RFEM application software package. The computer modeling
technique for the study of metal structures in this software environment was adapted in accordance with building
regulations. The general stress calculation in software for the finite element analysis was performed and the
selected sections were checked in the RF-STEEL EC3 calculation module for two groups of limit states. Various
options for calculating a stairwell made of a metal frame are analyzed. The influence of deformations of the main
framework of the structure on the stress-strain state of its individual part was evaluated using software.
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Statement of the problem. The materials of metal structures (steel, aluminum alloys)
differ from other materials primarily by clear work under load, which brings the design model
as close as possible to its conditions during operation. In the calculations, metals are considered
as homogeneous, isotropic and continuous materials, which allows predicting their operation in
elastic and plastic areas with sufficient accuracy. Accordingly, the reliability of the construction
increases, which is essential when designing complex and non-standard structural forms.

Normative documentation defines the general principles of ensuring structural safety and
reliability of structures, buildings and construction structures, including metal frames [1-6].

Recently, more and more elements of building structures are subjected to modeling
under the action of operational load in order to optimize their geometric parameters and ensure
strength. Such structural elements include concrete beams reinforced with composite materials
[7] or alloys with shape memory [8], steel frames [9] and welded structures [10].

Metal frames, as a structural element of a structure or building, are affected by the
operation of equipment (machines, devices, vehicles, lifting mechanisms), loads, loads from
people, and atmospheric factors during the normal operating mode of the object. The nature and
value of such impacts are determined taking into account the operating conditions of the
equipment or limitations provided by regulatory documentation or project requirements [11-16].

To ensure trouble-free operation of building structures in general, the concepts of limit
state, durability and reliability are introduced.

Reliability and durability are ensured by simultaneous fulfillment of the requirements for
selected materials, volumetric planning and structural solutions, for the design and quality control
of works in the manufacture of structures and their erection, calculation methods, as well as
compliance with the rules of technical operation, supervision and care of constructions [1].

The objective of the article is to evaluate the effect of deformations of the main
framework of the structure on the stress-strain state of its individual part by means of finite
element modeling.
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Methodology of experimental research. The stairwell calculation was performed
using the RF-STEEL Members module. According to [16], the width of the staircase is
1450 mm; the length is 3900 mm (Fig. 1). The size of the steps: height — 150 mm; width —
300 mm.

The markings of the floors are presented in Fig. 1: the first — +0.000 m; the secondm
+4.500 m; the third — +8.400 m; the fourth — +1.300 m.
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Figure 1. Stairwell: plan — a and section — b

The cross-sections are selected for the kosours and beams of the girder platform No.18
B2 and No.14 B2, respectively. The preliminary calculation was performed according to the
first group of limit states. The result of the calculation (Fig. 2) shows that the understress is
70 percent in the selected cross-sections for kosours.
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Figure 2. Preliminary calculation of stairwell elements for the first group of the limit state using RF-STEEL
Members module

After that, the structure was calculated according to two groups of limit states in

the RF-STEEL EC3 module — «Calculation of rods according to Eurocode 3». The
numbered diagram of the stairwell elements is shown in Fig. 3.
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Figure 3. Numbered diagram of the stairwell model

The calculation of the stress-strain state of the stairwell elements was carried out in two
ways. In the first case, kosours (staircase) were exposed to deformations of the main frame. The
load on the overlap of the main frame was 3.0 kN/m2, the own weight of the structure and the
useful load on the stairwell were also taken into account. In the second case, the stairwell was
calculated as a separate system, where the support nodes to the main frame were replaced with
hinged supports, taking into account only the own weight of the structure and the useful load
on the stairwell.

Research results. Based on the analysis of the calculation results of the RF-STEEL
EC3 module, it can be concluded that the sections selected in this way satisfy the requirements
of the first and second groups of limit states. The cross-sections are selected for the kosours and
beams of the girder platform No0.18 B2 and No.14 B2, respectively. The result of the calculation
presented in Fig. 4 shows that in the selected cross-sections, the margin for kosours is 28%, and
for platform beams — 8%.
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Figure 4. Preliminary calculation of stairwell elements for the first group of limit state using the RF-STEEL
EC3 module

After checking the selected sections with the help of calculation modules, the VAT
of the stairwell elements of two calculation options can be compared: option 1 (Fig. 5 a)
and option 2 (Fig. 5 b).
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Figure 5. Bending moment diagrams My of stairwell : option 1 — a, and option 1 —b

Based on the analysis of the moment graphs (Fig. 5), the maximum bending moment
for the first option is found equal to M,, = 13.95 kN-m, and for the second — M,, =12.40 kN-m.
That is, depending on the selected calculation scheme, the difference between the results can
be 1.55 kN-m, which in percentage terms means that the influence of deformations of the main
frame adds an additional force of 11.11%.

Similarly, based on the analysis of the transverse force graphs, the maximum transverse
force for the first variant is found equal to V, = 26.67 kN, and for the second — 1, = 25.90 kN.
That is, depending on the selected calculation scheme, the difference between the results can
be 0.77 kN, which in percentage terms means that the influence of deformations of the main
frame adds an additional transverse force of 2.9%.
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Visualization of the stairwell deformation scheme for option 1 is shown in Fig. 6 a and
option 2 — Fig. 6 b.
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Figure 6. Deformation of the frame element: option 1 — a, and option 1 — b

Having analyzed the deformed schemes of the 1st and 2nd options, we can conclude
that in the first case the maximum frame deformations are 14.4 mm, in the second — 10.5 mm.
The maximum deformation value of the stairwell according to the 1st option, which takes into
account the influence of the main frame, is found 27% more compared to the calculation of
kosours as a separate system.

The obtained research results indicate the importance of considering the influence of
the load and deformations of the main frame on individual structural elements. These results
can be used in the calculations of elements of metal structures taking into account the influence
of deformation of the main frame.

Conclusions. The computer modeling technique for the study of metal structures in the
Dlubal RFEM environment was adapted. A general stress calculation was performed in finite
element analysis software. The selected cross-sections were checked in the RF-STEEL EC3
calculation module for two groups of limit states. Two variants of the calculation of the stairwell in
a metal frame were analyzed, the first, where the stairwell is subjected to the action of the main
frame, the second — the research structure is considered locally. The influence of deformations of
the main frame of the structure on the stress-strain state of its individual part is analysed. Based on
the results of stress-strain state studies, the bending moment, shearing force and deformations were
found greater when calculating the stairwell taking into account the action of the main frame.
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VJIK 539.3

MO/JIEJIIOBAHHS BILJIUBY JTE®OPMAIII OCHOBHOTI'O 5
KAPKACY KOHCTPYKIII HA HAIIPYXKEHO-JIE®OPMOBAHUHN
CTAH OKPEMHUX ii YACTHH

Muxouaa Koaicank'; Boogumup Scniii'; Csitocnas I'omon?

Y Tepnoninvcoxuii nayionanvuuii mexuiunuii ynieepcumem iveni leana ITynios,
Tepnoninw, Yxpaina
2Hayionanvnuti ynisepcumem 600HO20 20Cn00apcmed ma
npupoooxopucmyeansl, Pisene, Ykpaina

Pestome. Mamepianu memanegux KOHCMpYKYiti (cmani, anrOMiHiegi cniasu) GiOpPI3HANMbCA 6I0 HUWUX
Mamepianie Hacamneped pobomoio ni0 HABAHMANICEHHAM, WO MAKCUMATLHO HAOIUICYE PO3PAXYHKOBY MOOElb
KOHCMPYKYii 00 ii yM08 nid uac excniyamayii. B po3paxynkax memanu po3ensioaiomuscs K 00HOPIOHI, i30mponHi ma
CYYinbHi Mamepianu, wo 0036019€ 3 OOCMAMHLOIO MOYHICMIO CHPOSHO3VEAMU IXHIO pOOOMY HA NPYICHINL ma
nracmuynin Oinankax. Bionogiono niosuwyemocs HAdiUHicmy pobomu KOHCMPYKYIT 8 Yiiomy, wo € Cymmegum npu
NPOEKMYBAHHI CKAAOHUX MA HeCMAHOAPMHUX KOHCMPYKmueHux gopm. i 3abesneuennss 0Oezasapiunoi
excnayamayii 0yo0ieenbHUX KOHCMPYKYIN V YoMy B8800MbCs NOHAMMSA SPAHUYHULL CMAH, 008208iUHICb |
Haoiunicms. Haodiiinicms i 006206iunicmb 3a0e3neuyromvcsi 0OHOUACHUM GUKOHAHHAM UMOZ2, WO BUCYBAIOMbCA 00
BUOPAHUX Mamepianis, 00'€MHO-NIAHYBAILHUX A KOHCMPYKMUGHUX piuieHb, 00 NPOEeKMY8aHHs mda KOHMPOJIO
AKOCMI pobim npu BU2OMOGIEHHI KOHCIPYKYILL ma ix 36e0eHHi, Memooié pO3PAXYHKY, A MAKONC OOMPUMAHHAM
npasuil mexniuHoi excniyamayii, Haenaoy i 002na0y 3a KOHcmpykyisimu. Tomy eajxciugo € oyiHumu 6naiue
MOOeTI0BAHHST MeMOOOM CKIHYEHHUX enemenmis. Y pobomi npedcmagieHo pO3PAXYHOK Memanesoco KapKacy
€X00080i KAimMKu ni0 Oi€l0 CMAMUYHUX HABAHMAICEHb, AKULL SUKOHAHO 3 BUKOPUCAHHAM NPUKIAOHO20
npozpamnozo naxema Dlubal RFEM. Adanmosano memoouxy xomn tomeprozo mooemogants O 00CHIONCEHHSL
Memanegux KOHCMPYKYItl Y OAHOMY HPOSPAMHOMY Cepedosulyi 8i0nosiono 0o OyodigenvHux Hopm. Po3paxynok
HANPYHCEHO-0ePOPMOBAHO20 CINAHY eNleMeHmMi8 CX00080i KIimKU 8UKOHY8ANU 3a 08oma eapianmamu. Y nepuiomy
BUNAOKY KOCOoypu niodasanu enaugy oegopmayii ocHosHo2o kapracy. OKpiM HABAHMANCEHHS HA NepeKpummsi
OCHOBHO20 KapKACy MAaKodiC GPAxXo8y8aiu 61ACHY a2y KOHCIMPYKYIT Ma KOPUCHE HABAHMAICEHHS HA CX0008) KIIMKY.
Y opyeomy sunaoky cxo0o8y knimky po3paxo8ysaiu sk OKpemy cucmemy, oe 8y3iu 0ONUPAnHI 00 OCHOBHO20 KAPKACY
3AMIHIOBANU WIAPHIDHUMU ONOPAMU, 8PAXOBVIOYU JIUULE GIACHY 842y KOHCMPYKYIl Ma KOPUCHE HABAHMAICEHHS HA
€x0008y Kknimky. OyiHeHo 6naus 0eopmayiti OCHOBHO20 KAPKACY KOHCIMPYKYIT HA HANPYICEHO-0eOpMOBaHUIl CMaH
pe3yIbmamié 00CHO0NCEHb HANPYIHCEHO-0eQOPMOBAHO20 CIAHY 32UHAALHULL MOMEHM, nepepizyioue 3YCUisl md
Ooeghopmayii Oyau OinbuUMU NPU POSPAXYHKY CXO0080T KAIMKU 3 YPAXYBAHHAM OIi OCHOBHO20 KAPKACY.

Knwuosi cnosa: memanesa cxo008a KiimKa, HANPyJiceHull Cmau, 32uH, Oepopmayii, CKiHYEHHO-
e/leMeHMHULL GHATT3.
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