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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 
of 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 
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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 M16 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 

 

Designation of 
the milled sheet t, 

m
m

 

Cross-sec-
tional area 

of one 
corruga-
tion F, 
cm2 

Weight 
of 1 m 
length 
of 1 fr, 

kg 

Reference values per 1 m 
width 

Weight 
of 1 

m2, kg 

Width of 
the work-
piece, mm 

Moment 
of inertia 

of one 
corruga-
tion, Ix, 

m4 

Moment of 
resistance, cm3 

Wx1 Wx2 

PD "BISON" 
260-600-1,5 1,5 18,75 14,59 1539,76 66,53 100,61 21,32 1250 

 

 
Figure 2. Test bench 
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Figure 3. Geometric dimensions of the test stand 

 

 
Figure 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/m2 

When loading from 685 to 730.67 kg/m2, 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/m2, 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] 

 

 
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 ANSYS). 
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 
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The introductory parameters of steel in ANSYS 
are modulus of elasticity = 2 * 105Mpa, yield 
strength of steel taken from experimental data = 
308 MPa, Poisson's ratio = 0.3 and density = 
7850 kg/m3. 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/m2, was 38.337 mm in the lower shelf 

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 

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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LES SENSITIVITY TO DOMAIN SIZE AND GRID RESOLUTION  
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Abstract: A series of large-eddy simulations (LES) was performed to investigate the effects of computational 
domain size and grid resolution on flow prediction within an idealized urban street canyon. Three streamwise 
domain lengths were examined in combination with coarse, medium, and fine grid resolutions. The building 
height, H, was kept constant, and the canyon aspect ratio (street width to building height) was set to unity. Flow 
statistics were evaluated at the central canyon of each configuration and compared with available wind-tunnel 
data.The LES results indicate that the simulated mean velocity profiles agree well with experimental 
measurements for all cases. Both domain size and grid resolution exhibited minimal influence on the mean 
velocity components, suggesting that mean flow within a street canyon can be reliably predicted using a 
relatively small computational domain when combined with medium or fine grid resolutions. This offers a 
computationally efficient option for mean flow analysis. In contrast, turbulence statistics were found to be more 
sensitive to grid resolution than to domain size. Fine grid resolution significantly improved the prediction of 
velocity fluctuations and momentum transport, whereas smaller domains tended to produce less consistent 
turbulence results. Consequently, while small or medium domains may be suitable for mean flow assessment, 
they are not recommended for detailed turbulence analysis.Overall, this study highlights the importance of 
balancing domain size and grid resolution to obtain reliable LES results while minimizing computational cost, 
providing practical guidance for CFD–LES studies of urban street canyon flows. 

 
Keywords: Computational Fluid Dynamic (CFD), Street Canyon, Turbulence flow, Large-eddy simulation 

(LES), Wind-tunnel, Computational parameters  

 

 
 

 1  1  2, 
 3  4 

1 -  
2 -  
3 -  

 
4 

 

 
 

(LES

 H 

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




