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Abstract: There is a lack of detailed information about wind flow and distribution of wind pressure
around atypically shaped high-rise buildings. The national standard EN 1991-1-4 Eurocode 1 used to
determine the effects of wind on the territory of Slovakia (and indeed other countries of the European
Union) does not have a procedure for determining the effects of wind on objects of triangular shape.
This presents a problem for designers and engineers, as there exist no generally binding/valid rules
to follow when performing the wind effect analysis. This paper shows the procedure of identification
and results of the external wind pressure coefficient for the triangularly shaped high-rise building.
Two methods of calculation have been chosen for this purpose. First, experimental measurements
were performed on a scaled model of the building cross-section in the wind tunnel. Subsequently,
software simulations were performed on the same scaled model in the CFD (computational fluid
dynamics) program ANSYS CFX. Results of wind pressure were obtained for two directions of
wind flow measured in 16 sampling points distributed irregularly around the circumference of the
model. Results were mutually compared and verified. At the end, the wind flow effects on a real-size
triangular high-rise building in the built-up area performed by software simulation are shown.

Keywords: CFD; wind tunnel; ANSYS; simulation; computational fluid dynamics; wind pressure co-
efficient

1. Introduction

The current trend in the building industry is to build tall and irregularly shaped
high-rise buildings in residential areas. The lack of space, density of residential areas,
and uncontrolled construction process causes many problems in the actual design of
the buildings.

The current national standard EN 1991-1-4 Eurocode 1 [1] does not provide a procedure
or methodology for determining the wind effects for triangle-shaped structures. This
presents a problem for the designers and engineers because there are no generally binding
rules under which the wind effect analysis should be carried out.

Before starting the construction process, it is important to develop a detailed plan,
including precise procedures, which results in a continuous workflow that is reliable and
predictable at all stages of project planning. The use of lean construction practices and
integrated planning is recommended before the building process starts, which is closely
discussed in [2]. The issue of the preliminary design of the structure is closely related to
the wind effects on the building and also in its vicinity.

The wind speed, wind pressure, and turbulence pattern needed for the purposes of
the structural engineering can be obtained by two most commonly used methods—wind
tunnel experiment and CFD (computational fluid dynamics) simulation. The determination
of these parameters has been the subject of our research also in the past [3–5]. In order
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to get values of some basic quantities (wind pressure, wind velocity, etc.), performing
experimental measurements in the wind tunnel seems to be the most proper method.
Within the wind tunnel measurement process, the amount and distribution of sampling
points represents a limiting criterion. Another important fact relates to the number of
measured variables: experimental measurements can never provide such a number of
variables as the software simulations can provide. Here, a determining criterion for a
choice of suitable method is presented by the possibility of proper distribution of sampling
points and number of measured variables (wind pressure, wind velocity, etc.).

Software for wind flow simulation can be used regardless of the model scale of the
building. Results obtained by CFD simulation have much wider coverage with respect
to the quantity of the analyzed variables, and there is no need to distribute the sampling
points—the entire discrete environment is analyzed.

In addition to basic wind flow analysis, where pressure distribution and wind speed
are measured, in the case of very tall buildings, dynamic response analysis is needed.
However, because the solution of the dynamic response of the building is based on the
transient simulations of wind flow and the scope would be a very extensive work, it will
not be dealt with in this article.

In this article, as mentioned earlier, two methods were selected to demonstrate the
calculation process of wind effects on triangularly shaped high-rise building.

Wind tunnel experimental analysis have been performed on a scaled model of the
building. Prior to the wind tunnel experiment, CFD simulations were performed, and
subsequently, 16 sampling points were specified on a scaled model. Values of wind
pressure in conditions simulating the steady flow have been measured in sampling points
afterwards. Within the measurements, two wind directions have been considered while
the wind pressure distribution on a building’s surface has been investigated, representing
the external wind pressure coefficients (Cp).

Numerical analysis has been performed using the ANSYS CFX software (Educational
version ANSYS 16.0; ANSYS, Inc. Southpointe, 2600 Ansys Drive, Canonsburg, PA 15317,
USA). It is a Finite Volume Method (FVM)-based software, with application of mathemati-
cal models through which it computes unknown quantities within the entire scope of a
discrete environment.

To compare the results acquired by means of both methods, two assumptions had to
be fulfilled: (1) The basic parameters (inlet wind speed, air density, atmospheric pressure)
measured directly during the wind tunnel measurements should be used as the boundary
conditions for CFD simulation; (2) to use the reduced model having a shape and scale
identical to the one subjected to wind tunnel experimental measurements.

At the end, the comparison of results obtained by two presented methods is shown,
as well as a demonstration of the wind effects on the real size high-rise buildings complex
calculated by ANSYS CFX software.

2. Analyzed Model

The inspiration for the choice of the analyzed shape of the buildings was the Panorama
City buildings located in Bratislava—Slovakia, and they are shown in Figure 1a. The cross-
section of buildings has a shape of an equilateral triangle, as shown in Figure 1b. The
dimensions of the real-size buildings are as follows: edge length is 51.34 m; total height
is 108 m. Each building has 33 floors, which brings them to the top of the list of the
highest residential buildings in Slovakia. For wind effects analysis purposes, a reduced
and simplified model of one of the Panorama city buildings was created at a scale of 1:172.
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Figure 1. Panorama City buildings (Bratislava, Slovakia): (a) 3D view; (b) Floor plan of one of
the buildings.

3. Wind Pressure Distribution around the Object Obtained by
Wind Tunnel Experiment

The experimental study that aimed to determine the distribution of wind pressure
around the perimeter of the object was performed in a wind tunnel, as shown in Figure 2.
The wind tunnel in Bratislava, Slovakia is designed as an open-circuit tunnel with closed
test space. The total length of the tunnel is 26.4 m, the dimensions of the tunnel cross-section
are 2.6 m × 1.6 m, and the total air flow volume is 52 m3/s. The device allows simulation
of the random character of the wind flow, which is created in the natural environment by
atmospheric boundary layer, as well as steady flows with a uniform velocity distribution, to
which two measuring spaces serve in a series arrangement. The measurement in question
has been carried out in the frontal space of the wind tunnel where there is no artificial layer
to create excessive turbulence. However, an artificial boundary layer is constructed in the
rear part of the tunnel (this boundary layer made of artificial rough button foil corresponds
to the terrain between categories III/IV with surface roughness z0 = 0.7 m. As mentioned,
the experiment was performed in the frontal space of the tunnel, where the walls are
without artificial layers and fluid flow is very stable; without significant turbulences and
wind speed, it is the most stable area of the whole tunnel. In the frontal space of the wind
tunnel, a steady wind speed can be pre-set in the range of 3 to 32 m/s. Turbulences of the
wind are very minimal; they can be neglected in the frontal space resulting in relatively
stable wind flow with wind velocity difference during the measurement within the range
of ±1.5%. The frontal space has been chosen due to the fact that the obtained results can
be used in general terms (the results are not affected by turbulence) rather than only for
certain conditions typical for a predetermined location of the building.

Figure 2. Wind tunnel in Bratislava, Slovakia.

The model for experimental measurements shown in Figure 3 has been constructed in
the scale 1:172. It refers to the shape of the horizontal cross-section of the real structure of
the Panorama City building shown in Figure 1b. The chosen scale was defined based on
previous measurement focused on the effects of walls and model size upon the obtained
results. In [6], the author describes procedures of measuring and choosing the model size
in the wind tunnel in detail.
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Figure 3. Model of building under examination inside the wind tunnel.

The measurements were preceded by very basic CFD software simulation, where the
emphasis was not on the values of the results but only on a graphical representation of
the distribution of wind pressure on the surface of the model. Thereafter, we were able
to choose positions at which the placement of sampling points was appropriate. Sixteen
sampling points had been distributed around the surface irregularly, as shown in Figure 4,
so that the basic and peak values of wind pressure distribution based on CFD simulation
with the best possible relevance were acquired.

Figure 4. Accurate distribution of sampling points (in mm) and direction of wind flow.

Testing was performed in the frontal space of the wind tunnel where the wind speed
can be considered as steady. Properties of air obtained directly from the wind tunnel
measurements are listed in Table 1.

Table 1. Properties of air measured directly in the wind tunnel during tests.

Average Wind Speed Atmospheric Pressure Density of Air
(m/s) (Pa) (kg/m3)

12.08 99,870 1.170502

For the measurements of air behavior and its properties inside the wind tunnel, the
following instrumentation was used: 15 differential pressure sensors placed along the
tunnel to check pressure balance over the tunnel walls; two pitot-static (Prandtl) tubes
located on the wall in the front and rear section of the tunnel to measure wind speed in each
section independently; one almemo-type MA25902 (Ahlborn, Sayner, WI, USA) data logger
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and measuring device in combination with a thermal probe FVA935TH5K2, that can detect
a wind speed difference of 0.2 m/s; one digital pressure scanner DSA 3217 (Scanivalve,
Liberty Lake, WA, USA).

For the wind pressure measurement, the digital measuring unit Scanivalve DSA 3217
has been used two times for each sampling point for two different wind directions.

By this device, wind pressure can be measured with high precision (±0.05% full-
scale long-term accuracy), and with one device, it is possible to measure pressure up
to 16 sampling points. Therefore, the main reason why we used exactly 16 sampling
points can be deduced: it was a sufficient number based on the results of the preliminary
CFD simulation, and at the same time, it was enough to use only one pressure scanner
for measurements.

The obtained wind pressure is the mean value measured for both directions. Given
that the value of the wind pressure varies depending on several parameters where wind
velocity is the parameter that most affects results, it seems to be more appropriate for
engineering practice to not use the measured wind pressure but the dimensionless external
wind pressure coefficients (Cp) by using Equation (1).

Cp =
p − p∞

1
2 · ρ∞ · v2

∞
(1)

where p is the measured/calculated pressure where Cp is being evaluated in Pa, p∞ is the
measured/calculated pressure outside of the turbulence zone (in free stream) in Pa, ρ∞
is the density of fluid outside of turbulence zone (in free stream) in kg/m3, and v∞ is the
velocity of the fluid outside of the turbulence zone (free stream) in m/s.

Figures 5 and 6 show the values of Cp that have been obtained by an experimental
measurement for two different wind directions.

Figure 5. External pressure coefficient Cp [−] obtained experimentally for wind flow direction 1.

Figure 6. External pressure coefficient Cp [−] obtained experimentally for wind flow direction 2.
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In case there is no need to analyze pressure at the sampling points by computational
fluid dynamics simulation, there are procedures listed in [7] that deal with the recalcu-
lation of experimentally measured pressure to actual wind load and apply it as load in
software simulation.

4. CFD Simulation of the Scaled Model

Software simulations were performed on the same scaled model as experiment. CFD
software ANSYS CFX based on FVM (finite volume method) was used. The same scale of
the test object (1:172) maintains the same geometric properties as compared to the wind
tunnel experiment. A discrete environment was created with the dimensions and names
shown in Figure 7: the discrete environment length is 50 m, width is 0.15 m, and the
height is 26 m. Given that the only thing we are interested in is the effects of wind on the
cross-section of a triangular object, the height respectively the length of the model is not
the key parameter and may be neglected in the simulation; a symmetry condition was used
on both sides of discrete environment.

Figure 7. Discrete environment and names of the boundaries used for CFD (computational fluid
dynamics) simulation.

The ANSYS mesh module was used to divide the discrete environment to elements of
different types, as shown in Figure 8a,b.

Figure 8. Generated mesh for CFD simulation: (a) Whole discreet environment; (b) Close proximity
of analyzed object.

The mesh network was created so that the y+ values were less than 1, as shown in
Figure 9a,b. The first layer of the mesh network was created at a distance of 0.01 mm
from the circumference of the analyzed object. The following 80 fine layers were created
gradually around an object with a growth rate of 1.2, as shown in Figure 8b. The largest
edge size of 200 mm was created in the remote surroundings where turbulences of air do
not significantly affect flow around an object. The following types of elements were created:
to analyze flow No. 1, 2,678,940 Hexahedrons were used, and to analyze flow No. 2,
4,216,800 Hexahedrons were used. The principle of creating a very dense network around
the object of interest was based on good previous experience—for example, from [8,9]. It is
also appropriate to use the mathematical model SST (Shear Stress Transport) for this type
of task, as it was demonstrated also in [8,9]. The topic of modeling of turbulent layer is very
extensive, and still, more methods and upgrades are developed. The basic information
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about modeling of the turbulent layer in the near wall area is listed in [10] by the pioneers
in this field: Launder and Spalding.

Figure 9. Dimensionless distance y+ to first vertex adjacent to the wall: (a) Wind flow direction 1; (b)
Wind flow direction 2.

For the software simulation, the measured variables shown in Table 1 were used as
the input parameters. Other parameters of the software simulation process that were not
measured during the experiment (roughness of the object, turbulence magnitude . . . ) were
chosen based on estimations from the previous measurements. The Reynolds number in
this case is 2.5 × 10−5, which can be considered as sub-critical regime. In most cases when
the model size is smaller than 30 cm and the wind speed is lower than 19 m/s, the flow
regime is sub-critical. The Strouhal number is 0.24. Both the Reynolds number and the
Strouhal number were commented in more detail in [9].

The mathematical SST (Shear Stress Transport) model is a two-equation model be-
longing to the group of mathematical models RANS (Reynolds Averaged Navier–Stokes).
The SST model is composed of two mathematical models: k-ω and k-ε. Its default set-up
allows solving mathematical (physical) problems based on the needs of the engineering
practice. One example of the application of various mathematical models (including the
SST model) in the practical design of structural engineering is given in [8]. Within the SST
model environment, the k-ω and k-ε models switch automatically in dependence on the
discrete zone in which the quantities are investigated. The mathematical model k-ε itself is
not suitable to use for obtaining quantities near walls (wind pressure on building surfaces,
flow velocity near wall, etc.), which is also discussed by the authors in [11]. Within the
analysis of quantities (e.g., pressure) investigated in the vicinity of an object (or directly on
the model’s surface), the k-ω model would operate in these areas. On the other hand, the
k-ε model operates in areas of free flow, as it shows very good results here. A combination
of these two models into one (SST model) provides enough accuracy of results in the overall
range of the discrete environment. More detailed information on mathematical models
used for CFD simulations can be found in [12,13].

Residuals, imbalances, and pressure were monitored during the solution iteration
process. For the momentum and mass convergence, criterion was set as RMS (root mean
square with a required value of 1 × 10−5; see Figure 10a,b. An imbalance of velocity
vectors reached stable values of ±0.0005% and less after several iterations. Three randomly
positioned points around the circumference of the objects were created just to monitor
another convergence: pressure changes depending on iteration; see Figure 11a,b. When all
monitored variables no longer changed significantly, the flow simulation was stopped and
considered converged.
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Figure 10. Convergence of momentum and mass: (a) Wind direction 1; (b) Wind direction 2.

Figure 11. Changes of wind pressure in [Pa] depending on iteration: (a) Wind direction 1; (b) Wind
direction 2.

Wind pressure coefficients calculated for the two directions of wind flows are shown
in Figure 12. In both cases, the wind flows from left to right.

Figure 12. Calculated wind pressure coefficient: (a) Wind direction 1; (b) Wind direction 2.

5. Comparison of Results Obtained by CFD Simulation and Wind Tunnel Experiment

Results of the pressure coefficient were mutually compared in 16 sampling points
and two directions of wind flow. The software calculation utilizes some inputs measured
directly during the wind tunnel tests and thus achieves a higher match and eliminates dif-
ferences of the main input variables. Results of comparison are shown in Figures 13 and 14.
In these figures, the numbers of sampling points are marked on the horizontal axis, and
the results of external pressure coefficient are marked on the vertical axis.
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Figure 13. Comparison chart of external pressure coefficient for wind flow direction 1.

Figure 14. Comparison chart of external pressure coefficient for wind flow direction 2.

Figures 13 and 14 show a difference in the values of Cp between methods; however,
the shape of the curve is identical. The percentage difference between the two methods was
expressed by calculating the area under the curves of each Cp, and the percentage difference
between the two surfaces is the desired result. For wind direction 1, the percentage
difference between methods is 2.6%. For wind direction 2, the percentage difference
between methods is 1.4%. This difference is due to many factors. The most significant
factor is the averaging of values of measured pressure in wind tunnel tests. Wind speed
during the wind tunnel tests never reaches the exact same constant value despite the fact
that it can be considered as steady. The difference between the average and the actual wind
speed in the frontal space of the wind tunnel in Bratislava is approximately ±1.5%. For
better explanation and visualization of how wind speed affects wind pressure coefficient,
transient software CFD analysis is presented in which the wind speed was defined as a
variable with a difference of ±1.5% from the original constant value of 12.08 m/s. The
change of the pressure coefficient depending on the varying wind speed and time for one
of the sampling points can be seen in Figure 15.
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Figure 15. Comparison of wind pressure coefficients (Cp) varying in time and wind speed for
sampling point 10 and wind direction 1.

It is clear from the above results that both methods are capable of obtaining relatively
similar results, as demonstrated by the mutual verification. For the calculation of Cp
and wind speed for the purposes of engineering practice, it is quite sufficient to use
mathematical models of the RANS group with correctly set boundary conditions. However,
if needed, it is also possible to use a more complex mathematical model such as the large-
eddy simulation (LES) model to determine for example the wind pressure distribution on
the building surface or wind speed at the cost of extreme hardware requirements and also
calculation time. In order to give space to possible use of the LES model, other authors
present its advantages, disadvantages, and comparison with experimental measurement
in [14,15].

6. Wind Effects on the Real Size Building Complex in Urban Area

The analyzed complex consists of two residential high-rise buildings (two triangular
Panorama City towers) and one rectangular high-rise office building (Tower 115) that is
directly adjacent to the Panorama City buildings; see Figure 16.

Figure 16. Complex of buildings from northwest view: Panorama City and Tower 115 [16].

The urban area where the buildings complex is situated can be classified by [1] as a
terrain of categories number III/IV (taking into account the planned construction in the
given location). The average wind speed in this location measured 10 m above ground is
12 m/s with predominant northwest flows referenced to [17]. For the software analysis,
real wind speed (12 m/s) was used as a basic wind speed. Subsequently, based on the
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approach stated in [1], inlet wind speed was calculated with consideration of log wind
profile according to reference [18].

By creating a discreet environment of size 1030 m × 800 m × 200 m (see Figure 17)
together with creating a mesh (see Figure 18) and applying boundary conditions such as
inlet wind speed, outlet pressure, and properties of air, it was possible to execute CFD
software analysis. The inputs for CFD analysis were set to roughly represent the most
frequent wind flow direction and the corresponding wind speed in the specified area where
the buildings are situated. The meteorological data are from [17].

Figure 17. Layout of buildings in discrete environment and preview of wind speed profile.

Figure 18. Generated mesh in close distance to the buildings, approximately in the center of its height.

The default domain consists of 6,397,230 tetrahedrons, 13,126,219 prisms, and 2725
pyramids: a total of 19,526,174 elements. The minimal size of an element side was set to 0.3
m, which was set in a very close distance to buildings and progressively increased to the
areas where accurate capture of the flow vortices is not required. However, there is still a
need to maintain a domain size for compressibility problems and proper convergence.

The mathematical model SST (Shear Stress Transport) was selected based on good
previous experiences with result accuracy, e.g., from the previously mentioned verification.

A detailed investigation and verification of the results of the wind flow of a high-rise
building of another type but using another mathematical model and different approach is
listed in [19].

Momentum and mass convergence criterion were set as RMS with the required value
of 1.10−5. The imbalance of velocity vectors reached stable values of ±1% and less after
numerous iterations, and also, randomly positioned points around the circumference of
the objects were created to monitor another convergence: pressure changes depending
on iteration. After the RMS criterion was met, imbalances did not change significantly,
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and pressure at probing points did not change significantly either; thus, the solution was
stopped and considered as converged.

Subsequently, it is possible to proceed with the results. The streamlines of wind
speed in Figure 19 show that wind flow between buildings does not cause a significant
growth of wind speed compared to an inlet wind speed. Positioning of the buildings is
creating vortices but without extreme increases of wind speed. However, what is clearly
visible is that the northwest tower affects wind flow for the northeast tower and Tower 115.
Analyses of whole building complexes situated in urban areas are important because the
wind pressure and turbulence pattern vary depending on the area in which the wind is
operating, and it also depends on the height of the buildings and their mutual arrangement.
It is often the case that high-rise buildings are designed without taking into account the
surrounding buildings and especially without taking into account the significantly higher
wind speeds that arise as a direct consequence of the wind overflowing a building standing
in front. The shape of the building is crucial here; therefore, it is important to list the
sources that examined buildings of other shapes [20–23].

Figure 19. Streamlines of wind speed in the velocity scale for two perspectives.

These days, another important role of wind study is to prove the suitability of the
building’s location and its chosen shape in terms of building energy performance. At
present, many optimization methods are used to generate a large variety of solutions to
analyze integrated building design in the early stage, as mentioned in [24]. Increasing
emphasis is placed on the installation of wind turbines directly on or in close proximity
to the building, thus ensuring the partial self-sufficiency of the building. Based on the
flow rate and turbulence profile, wind turbines can be placed directly on the buildings
as mentioned in [25] or in close proximity to the buildings as a part of a small wind farm.
The proper deployment and appropriateness of the use of turbines in the urban area are
listed in [25,26]. In a simple way, the following important requirements must be met for
placing a wind turbine directly on the building or in its surroundings: relatively steady
wind speed that does not exceed the turbine limits set by the manufacturer, meeting safety
regulations with regard to the location of turbines, solving undesirable oscillations arising
from the installation of a wind turbine on a building, and meeting noise standards caused
by rotation of the propeller. By meeting these and other additional requirements, it is
possible to place wind turbines directly on the building or near the building. The building
becomes multifunctional and fulfills not only functional and design features but also
ecological features. In the event that the building owner decides to install wind turbines
on the building in the future, the results of the wind velocity profile shown in Figure 19
could serve as a basic pillar for their preferred location. From the results of our simulation,
the suggestion for the most suitable place for the location of wind turbines appears to be
the roof—more specifically, the front sides of the roof, where wind speed is the highest
(Figure 20) and turbulence is not visible (Figure 19).
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Figure 20. Streamlines of wind speed 1 m above roof surface for possible wind turbine placement.

Returning to the main subject of this article, the results shown in Figure 21 indicate
that the major part of the windward side is exposed to the wind pressure without the
occurrence of significant peaks. The leeward side and corners are exposed to lift, however,
without occurrence of significant peaks, too. The most significant wind effects can be
observed on the building’s roof where the lift effects occur predominantly. The results can
be applied to a large number of phenomena that may occur in the future in connection
with these buildings. For example, the northeast triangular building which is in eclipse
behind the northwest tower is greatly affected by the wind stream created on the sides of
the northwest tower; therefore, local peak values in case of extreme winds could cause
façade damage on the east–west tower. This phenomenon is often not included in static
calculations, as their design is very often handled as that of free-standing buildings.

Figure 21. Contours of dimensionless pressure coefficient Cp [−] for two perspectives.

7. Conclusions

Through using both mentioned methods, it is possible to analyze the values needed
for design of the high-rise building structure. Wind studies are an integral part of either
the preliminary or the final design of a high-rise building. These days, buildings that have
been traditionally designed symmetrically are very rare, and unusual designs are rising.
For engineers and designers, it presents a big problem, because it is not possible to include
calculation procedures for wind effects for all building shapes. Despite the fact that these
procedures are absent in the general standards, research in this area is still ongoing, as
evidenced by the articles [27–29], which on the one hand can be very helpful and on the
other hand these articles are often written too scientifically and thus rarely sought after
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by practitioners. Achieving safety and productivity in construction projects should be a
priority in any proposal. Regardless of the phase of the project, the effects of wind on
high-rise buildings should not be neglected.

To decide which method to choose for the wind effect analysis, here are some of the
findings made during the research. Based on our experience so far, the CFD simulation
set in the way it is presented will be also relevant for analyzing another object and will
achieve very similar results of Cp compared to the wind tunnel measurement we used.
As we show here, software simulations results are in good agreement with experimental
measurements, which can be considered as a validity proof of the assumption that if the
software simulation is properly adjusted, the experimental measurements in the wind
tunnel do not have to be performed necessarily. Software simulation offers a much wider
scale of results compared to values that can be obtained by wind tunnel measurements.

Differences in results that show up in comparison of both methods can originate in the
following factors: (1) Position of the model in the wind tunnel: a small rotation or shift of
the model in the tunnel will lead to differences when evaluated and compared with results
of the software model, which can be ideally positioned and rotated; (2) Size of discrete
environment; (3) Mesh type and size; (4) Input parameters set in software simulation; (5)
Averaging of the results measured in wind tunnel.

The difference in results has been explained in more detail in the article itself. However,
results are clearly stated, and to evaluate whether the difference between the methods is
acceptable is a subjective decision. For the purposes of engineering practice, in the authors’
opinion, the agreement is very good, and the results are applicable to practice—so the
article is valuable mainly in this area.

For most engineering applications, the RANS models (Reynolds-averaged Navier–
Stokes), where the SST model belongs, are accurate enough. For engineering practice,
mostly wind speed and wind pressure in the given domain are the necessary variable. If
buildings of real dimensions are designed using all safety factors, it is not a problem to use
the results of an experiment or software simulation for which the comparison shows certain
deviations. However, here, it must be said that this deviation should only be numerical,
and the results should be the same in principle (e.g., in both methods, the distribution
of wind pressure along the facade is the same and the difference is only in the resulting
numbers). The results presented in the article can be used to complete the missing part for
the standard [1] (where the methodology of wind effects determination for triangle-shaped
buildings is missing).

When even better accuracy of the results is required, or when time-dependent vari-
ables are necessary, it is possible to analyze how wind effects act on a structure or near the
structure by the more complex mathematical models such as LES (large-eddy simulation)
or DNS (direct numerical simulation). The results obtained by correctly set LES or DNS
mathematical models can be considered as very accurate and valuable results correspond-
ing to the real effect of the wind in the given urban area. It must be said that if there
must be a choice between LES and DNS, the LES model is far more used for engineering
practice compared to DNS. The DNS model is used for analysis of phenomena where
the monitoring of very small differences of variables is crucial, such as monitoring dust
particles around buildings or similar tasks where it is required to monitor the effects of
wind at a very accurate level and microscopic level. The use of the LES mathematical
model for tasks that are similar to those presented here are described in more detail in [30].

Based on the results stated in this article and the number of experiments and compar-
ative measurements that we have performed in the past [3–5,9], it can be concluded that
if the CFD simulation is set up as described in this paper for the purposes of engineering
practice (to analyze pressure distribution and wind speed around buildings), it is possible
to analyze other building shapes without using a wind tunnel.

Although software simulations presently appear to be an ideal method for the investi-
gation of wind effects acting upon the buildings of an irregular cross-section, still, it is only
a software, and if any doubts arise during CFD simulations, it is recommended to perform
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experimental analyses in a wind tunnel when it comes to models (structures) of an unusual
shape to verify the obtained values. The most accurate way of receiving the general concept
of wind effects acting upon the structures that have an irregular floor plan, pedestrians,
and adjacent buildings, can be achieved by means of an overlap between the experimental
and software analysis. When choosing any of the available options, it is important to
consider the available options, time aspect, and financial aspect. In most cases of wind
studies, the fastest option is to use the software. The accuracy of the results depends on a
number of factors, as mentioned in this contribution, so it is up to the participating sides to
decide/agree on the method to be selected.
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