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Abstract: To conduct the research in this work, the BISON reinforcing deck was selected, this deck is used for
the construction of steel-reinforced concrete floors as a permanent formwork. Its difference from the common
types of deck used in the Russian Federation is the height of the profile and the configuration of the section, which
reduces material consumption and affects its strength characteristics and, as a result, increases its bearing capacity
and makes it possible to build longer spans without using intermediate supports.

Goal: Compare the data obtained during the experiment with the numerical model developed in the ANSYS finite
element software, check the convergence and draw conclusions.

Materials and methods. The experimental model of the floor slab consisted of two sections a «BISON» 260-600-
1.5., 1200 mm wide, connected longitudinally. The plate was tested according to a single-span scheme. The bound-
ary conditions were set by one pivotally movable support and one fixed one. The numerical model in the ANSYS
repeated the experimental scheme, the steel data was set taking into account physical nonlinearity, and the load
was set using the step method.

Results. As a result of the experiment, data on the actual control vertical deflection of the profiled deck at a load
0f 995.83 kg/m2 and its maximum load-bearing capacity were obtained. The mechanical characteristics of steel
have also been studied, and a yield strength of 308 Mpa has been established. A model was developed in the
ANSYS, and the calculation was carried out taking into account the experimental data obtained.

Conclusions. The analysis of the experiment with the numerical model shows the convergence of the results. The
stresses in the FE model exceeded the yield strength of the steel under extreme loads. The nature of the crumpling
of the shelves in the FE model partially coincides with the nature of the crumpling in the experiment.

Keywords: FE model, ANSYS, profiled steel deck, non-removable formwork, reinforced concrete,
composite plate, boundary conditions, non-linearity of steel, vertical deflection

IKCHEPUMEHTAJIBHOE U YNCJIEHHOE
NCCIEJOBAHUE CHJI0OBOI'O HACTHUJIA «BU30H»,
UCIOJb3YEMOI'O B KAUECTBE HECBEMHOMH OINAJTYBKHA
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! HoBOoCHOMpPCKHMIA TOCY JapPCTBEHHBIN apXUTEKTYPHO-CTPOUTENLHEIN YHUBEpcHUTeT, T. HoBocuOupck, POCCH S
2 Camapckuii roCyIapCTBEHHBIN TeXHMIECKHi yHuBepcurer, T. Camapa, POCCHSI

AnHOTauus: /75 mpoBeneHus ucciea0Banus B 9To paboTe ObLT BeIOpaH HacTwil apmupyomuii «BM30H», nan-
HBI HACTWJI MICTIONIB3YETCS [UI BO3BEJACHHS CTaJIeKETIe300€TOHHBIX MEPEeKPHITHI B KadecTBE HEChEMHOH oOra-
ayoku. Ero otinmume ot pacnpocTpaHeHHBIX THIIOB HACTHIIA, UCIIOIb3YEMbIX Ha TeppuTopuu PO, sBisiercs BbI-
cota npoduis 1 KOHQUTYpalus CeueHHs, CHIDKAIOIHE MaTepHaIOeMKOCTh M BIIMSIOININE HAa €ro IPOYHOCTHBIC
XapaKTEPUCTUKH U KaK CJIeJICTBUE TIOBBIIIAIOIINE €r0 HECYIIYIO CIIOCOOHOCTD M JIal0IIHe BO3MOYKHOCTh BO3BOANTD
0oJiee ATMHHBIC TIPOJICTHI 0€3 UCTIONB30BaHUS MPOMEKYTOYHBIX OTOP.

Lenb: cpaBHUTH MaHHEIC, TOXYYCHHBIC B XOJC AKCICPUMCHTA C YHCICHHOW MOJEINbI0, pa3paboranHoii B [1IK
ANSY'S, mpoBepHTh CXOTUMOCTD U C/IEIATh BBIBOJIBL.

Matepuansl U METOIBI: DKCIEPHUMEHTANbHAs MOAETh IUTUTHI MEPEKPBITHS cocTosia w3 AByX cekumit HC
«B130H» 260-600-1,5., mmpuroit 1200 MM, COeTUHEHHBIX B MPOAOIGHOM HAIpaBiIeHUU. VcTbITaHUE TUTUTHI
MIPOBOIMIINCEH 110 OTHOTIPOJIETHON cxeMe. I'paHndHble yCa0BUsA ObIIN 3aJaHbl OAHOM IAPHUPHO MOABUKHOMN OIO-
poit u ogHoM HenoaBMx)HOU. Ynciaennas mozens B [TK ANSY'S moBTopsina cxemy dKcriepuMeHTa, JaHHbIE CTaJIN
3aJ]aBaJIMCh C Y4eTOM (pr3n4ecKod HEeIMHEWHOCTH, Harpy3Ka 3a/1aBajiach IIaroBbIM METOJIOM.
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PesynbraThl. B pesynbrare sKcrniepuMeHTa MoJTydeHbl JaHHble (PaKTHYECKOr0 KOHTPOJILHOTO BEPTHKAIBLHOTO TIPO-
ruba npohUIMPOBAHHOTO HACTHIIA TIPH HArpy3ke 995,83 kr/mM2, ero npeaeabHy0 HECYIIYI0 ClIOCOOHOCTh. Takxke
MIPOBE/ICHBI UCCIICAOBAHMUS MEXaHHYECKUX XapaKTEePHUCTHK CTalM, YCTAHOBJEH Ipeaes TeKydecTH, paBHbIN 308

Mia.

Pazpaborana monens B ITK ANSY'S, nmpoBeneH pacuer ¢ yueToM HOJTyde HHBIX JIaHHBIX B OKCIIEPUMEHTE.
BoIBoIBI: AHANN3 NPOBEJEHHOrO SKCIEPUMEHTA C YUCIEHHON MOJENbBIO MOKA3bIBAIOT CXOJUMOCTb PE3YyJIbTATOB.
Hanpsoxkenns 8 KO Moaenu, mpu npenenbHbIX Harpy3Kax NPEBBICHIIN MIPEIEN TEKYUECTH CTaIH. XapaKTep CMATHS
nosok B KO Mozenu 4acTHYHO COBNAAAET C XapaKTEPOM CMSTHS B DKCIIEPUMEHTE.

KiroueBbie ciioBa: Koneuno-anemenrapras moaens, ANSYS, cransHON TpoQHUINPOBAHHBIA HACTHIL,
HEChEMHasl ONanryOKa, CTaleKene300eTOH, KOMITO3UTHAS TUTNTA, TPAHNYHBIC YCIOBHUS, HEIMHEHHOCTD CTalIH,
BEPTUKAJIBHBIN MPOTHO

1. INTRODUCTION

To conduct the research in this work, the
«BISON» reinforcing deck was selected, this
deck is used for the construction of steel-rein-
forced concrete floors as a permanent formwork.
Its difference from the common types of deck
used in the Russian Federation is the height of the
profile and the configuration of the section,
which reduces material consumption and affects
its strength characteristics and, as a result, in-
creases its bearing capacity and makes it possible
to build longer spans without using intermediate
supports.

In this paper, the methods of testing are de-
scribed, and the layout of the sample stand is
shown. Data on the deflection of the deck and its
maximum bearing capacity were obtained, and a
finite element model of the floor was developed
on their basis.

The stages of creating a model in the ANSYS
finite element software are described, the nonlin-
ear operation of galvanized steel used for the
manufacture of the «BISON» FEA is taken into
account, the methods of dividing the grid into fi-
nite elements are shown, the creation of contact
between the overlap surfaces of the deck is
shown, as well as the method of applying the load
to obtain the most accurate calculation data.

The purpose of this article is to analyze the data
obtained during field tests and compare them
with the numerical model developed in the
ANSYS, check the convergence and draw con-
clusions.

The investigated profile: Power deck PD
“BISON” 260-600-1,5 according to TU - 1120-
004-316631300162970-2019 [1] manufactured
by Sole Proprietor Anpilov S.M. (Figure 1)

2. EXPERIMENTAL MODEL AND TEST
SETUP

For testing, the profile PD "BISON" 260-600-1.5
made of S350 steel was used, with the following
characteristics given in Table 1.

The experimental model of permanent formwork
for a monolithic floor slab (Figure 2) consisted of
two sections of PD "BISON" 260-600-1.5., 1200
mm wide, connected longitudinally by self-tap-
ping screws. The plate is attached to a steel dis-
tribution plate in the support part with M 16 bolts
mounted in the center of the lower corrugations.

The non-removable formwork for the monolithic
floor slab was tested according to a single-span
scheme. The boundary conditions were set by
one pivotally movable support and one fixed one
(Figure 3).

Loading was carried out by evenly distributed
load in stages in steps of no more than 10% of the
design maximum permissible load.[2] Semi-dry
vibro-pressing concrete slabs were used as an
evenly distributed load. Loading was performed
from the supports to the middle of the span, sym-
metrically relative to the middle of the span (Fig-
ure 4).
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Figure 1. Geometric dimensions of the PD "BISON" 260-600-1.5

Table 1. Characteristics of PD "BISON" 260-600-1,5
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Figure 2. Test bench
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F. igure 4. Loading of non-removable formwork

3. EXPERIMENTAL RESULTS

The actual vertical reference deflection fexp =
29.35 mm (close to the maximum deflection ac-
cording to SP 20.13330) was achieved at the
maximum permissible load q = 995.83 kg/m?
When loading from 685 to 730.67 kg/m?, there
was a loss of local stability of the lowered part of
the upper (wide) profile shelf (Figure 5).

When studying the mechanical characteristics of
the steel of the selected samples, it was found that
the yield strength of the steel is 308 Mpa.

When loading 1224.17 kg/m?, the stresses in the
cross-section shelves in the middle of the span
reached the values of the yield strength of

the steel, the shelves crumpled and warped,
which led to a loss of bearing capacity.[3], [5]
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Figure 5. Crumpling of the upper deck shelves

4. FE MODEL

A deck model in the ANSYS software package
was developed for analysis and comparison with
field tests.[3], [6]

The model was developed and boundary condi-
tions were set as follows:

It was decided to dissect the scheme used in the ex-
periment along the middle of the central corruga-
tion, since the deck has the same geometry and
loads along the line of symmetry. The deck and di-
aphragms were modeled as a shell with thickness
parameters, and the support plates were modeled as
three-dimensional elements. The overlap contacts
of the decking on the central corrugation, the dia-
phragms on the edges and in the middle of the span,
as well as the support plates were modeled as rigid
joints between surfaces (bonded in ANSYYS).
Boundary conditions.

The loads on the deck were applied exactly with
the layout of the tiles in the experiment, the upper
shelves of the deck were divided into sections of
tile-deck contact and a load was applied to them
(Fig.6.) equal to half of the maximum obtained
during the experiment, since the model is made
as half of the original permanent formwork for a
monolithic floor slab.

The supports were modeled by limiting the
movement of the node line on the support plates.
A fixed pivot support was simulated on one part,
where movement along all axes was blocked, and
rotation along the X axis was prohibited and Y
and Z were free. On the opposite part of the deck,
a pivotally movable support was simulated,
where movement along the X axis was free, and
rotation along the Y and Z axes was prohibited,
rotation along the X axis was prohibited, and ro-
tation along the Y and Z axes was free.

Figure 6. Load application scheme in the FE model

Volume 22, Issue 3, 2026

39



The introductory parameters of steel in ANSYS
are modulus of elasticity = 2 * 10°Mpa, yield
strength of steel taken from experimental data =
308 MPa, Poisson's ratio = 0.3 and density =
7850 kg/m>. To account for the nonlinearity of
the material, a two-line deformation diagram was
chosen.[7]

Finite element type

The SHELL281 element is used to model the
steel sheet. This type of element is suitable for
modeling a thin-walled steel profile, as it is sub-
jected to large deformations. As a rule, a rectan-
gular element is used, and where the geometry is
complex, a triangular element is used (Figure 7)
[2], [4], [11-15]. This decision was made based
on the fact that the profile is not modeled in a
simplified way, but exactly with natural dimen-
sions, and some elements cannot be created using
rectangular elements, as Kosarev, V. N. models
in the LIRA-CAD FEA [8].

Figure 7. Finite Element mesh

5. FE RESULTS

The data obtained from the model calculation is
shown below. The blue markers indicate the
places where samples of data on displacements
and stress values were taken in the same places
as in the experiment. [2], [5], [9], [10], [16-20].

The deflection in the FE model, at a load of
1224.17 kg/m?, was 38.337 mm in the lower shelf

Sergey M. Anpilov, Denis A. Panfilov, Alexander S. Bychkov

of the central corrugation. Figure 8 shows the de-
flection data.

Figure 8. Deflection in the FE model

In the Figure 9, at a given load, the stresses in the
lower part of the upper shelf exceeded the yield
strength of the steel, and in the lower shelf they
reached it.

Figure 9. Normal stress in the FE model

CONCLUSIONS

The vertical deflection in the numerical model
was 38.337 mm, in the central corrugation, where
2 deck sheets overlap, the discrepancy with ex-
perimental data in % terms was 2.62% (experi-
mentally obtained deflection = 39.37 mm).

The stresses in the FE model in the upper shelf
exceeded the yield strength of the steel obtained
experimentally (308 MPa).

The nature of the crumpling of the shelves in the
FE model partially coincides with the nature of
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the crumpling in the experiment Figure 5, and
Figure 9.

The results obtained during the analysis of the
experiment and numerical modeling demonstrate
the applicability of the numerical model to under-
stand the operation of the deck, data on deflection
and stresses in the numerical model can be used
to analyze more massive structural solutions for
large-span support schemes.
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