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Abstract

Introduction: The influence of the level of building facade detail (protruding and recessed balconies, fins, and other facade
elements) — referred to as facade faceting — on the results of wind load simulations has been examined in various studies.
It has been established that a higher level of facade faceting in models improves the consistency of computational fluid
dynamics (CFD) results with results of wind tunnel experiments. However, in order to simplify calculations, under certain
conditions, some details may be neglected. Nevertheless, clear recommendations regarding the degree to which such
simplifications affect the final accuracy of simulation are rarely found. Purpose of the study: In this study, the influence of
facade faceting detail on the distribution of wind flows around the investigated object was assessed using computational
and experimental modeling. Methods: Physical testing of scale models of unique buildings and structures in a wind tunnel,
as well as numerical simulation of wind effects, were carried out. Results: The study demonstrated a significant impact
of facade faceting detail on the distribution of wind loads around the investigated building model. It is recommended to
design facade structures with consideration of the turbulence effects of wind flow associated with their actual geometry.
At the same time, the design of load-bearing structures should account for the maximum possible wind loads without

incorporating facade faceting detailing.
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Introduction

Predicting wind loads on high-rise buildings
is a critical stage in their design. Architectural
facades, including balconies, mullions, shading
boards, and ribs, are widely used in high-rise building
design for both aesthetic and functional purposes.
In this paper, facade faceting refers to various
facade elements such as balconies, ribs, mullions,
fins, etc. The influence of facade faceting on the
aerodynamics of airflow is substantial, particularly
at high wind speeds. Facade faceting significantly
affects the distribution of velocities and stresses
in the boundary layer. However, the requirements
regarding the level of facade faceting detail in
physical and numerical modeling of wind effects
remain insufficiently studied.

In the study by Lalin et al. (2021), the necessity of
accounting for facade details in wind load simulations
was examined using numerical modeling. The paper
presented the influence of recessed balconies on
a building facade on pressure distribution using
computational fluid dynamics (CFD). The results
show that in all cases the pressure on a building
facade without recessed balconies is higher,
therefore, a building can be modeled without
recessed balconies, for example, in structural
strength calculations. However, there are certain
areas where pressure values differ significantly.

Dagnew and Bitsuamlak (2013) summarized the
main aspects of numerical wind load modeling for
buildings and structures and concluded that more
research is needed on transient inlet boundaries and
near-wall modeling-related issues.

Li et al. (2023) presented a detailed comparison
of CFD simulations with multiple Level of Detail
(multi-LoD) geometric models in predicting wind
pressure on a complex high-rise wooden tower.
It was shown that the higher LoD model makes
CFD results more consistent with those following
the wind tunnel tests, especially on the leeward of
the tower. Components affecting the shape of the
structure (e.g., railings, ridges, and columns) have a
significant impact on the wind flow. Fu et al. (2024)
demonstrated that the level of detail in tree models
significantly affects the accuracy of simulating wind
flows in urban areas. Zheng et al. (2020) showed that
the geometrical details of a facade can substantially
influence the near-facade airflow patterns and
pressures. This is especially relevant for building
balconies as their presence can lead to multiple
separation and recirculation areas near facades.
Tieleman et al. (1981) compared wind-tunnel and
full-scale wind pressure measurements. Based on
the full-scale/model comparisons, it was shown that
the non-stationary character of the natural wind has
a significant effect on the mean, RMS and peak
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pressure coefficients. Under non-stationary wind
conditions, the full-scale extreme peak coefficients
may be as much as five times the wind-tunnel values.
The authors concluded that the complex terrain is
responsible for increased turbulence intensities
of the horizontal velocity components as a result
of increased low-frequency spectral energy. Xu et
al. (2020) demonstrated that detailed BIM-based
geometric models of buildings allow for significantly
different predictions of wind load compared to
simplified CAD models. Chen et al. (2022) showed
that facade appurtenances significantly influence the
fluctuating wind pressure on tall buildings but have a
smaller effect on the mean wind pressure. Quan et al.
(2016) investigated the effects of grid curtains on the
local and overall wind loads of a high-rise building.
The results showed that grid curtains increase the
mean and fluctuating windward aerodynamic forces
and reduce the fluctuating aerodynamic torsions.
Agakhanov et al. (2017) examined the influence of
building geometry on wind load modeling and found
that buildings with complex spatial shapes require
finite element analysis for accurate prediction of
comfort parameters and wind pressures. Moravej
(2018) emphasized that large-scale testing of low-rise
buildings or components of tall buildings is essential
as it provides more representative information about
the realistic wind effects than the typical small scale
studies, but as the model size increases, relatively
less large-scale turbulence in the upcoming flow can
be generated. This results in a turbulence power
spectrum lacking low-frequency turbulence content.
This deficiency is known to have significant effects
on the estimated peak wind loads. Quan et al. (2017)
investigated the influence of vertical ribs protruding
from facades on the wind loads of super high-rise
buildings and concluded that vertical ribs significantly
decrease the most unfavorable suction coefficients
in the corner recession and edge regions of facades
and increase the mean and fluctuating along-wind
overall aerodynamic forces. Liu et al. (2023) reached
similar conclusions, showing that facade ribs can
significantly affect the wind field and reduce the wind
force on high-rise buildings.

The work of Rao (2018) is of particular value since
it is essentially the only study to specify the exact
degree of facade faceting that can be neglected
without compromising accuracy. The author
compared the flow around a smooth cylindrical
profile with that around profiles having increasingly
large facet sizes. The air flow patterns and dynamic
pressure profiles at the surface were used as a
means of comparison of the different geometric
types. The experiments explored the effects of
faceting for a circular geometry, with a radius of
20 m. The results showed that at 128 divisions (i.e.,
a facet size of 0.98 m), the effects of faceting are
not consequential. This size can be rounded up

to 1.0 m for similar results. At 256 divisions (i.e.,
a facet size of 0.49 m), the surface behaves almost
exactly like its circular counterpart. In conclusion, it
was shown that a completely smooth geometry can
be faceted without noticeable impacts on air flows
near the surface. Converting these lengths into a
percentage value of the circumference, it showed
that the facet size needs to be at least equal to or
lesser than approximately 0.79 % of the length of
the circumference. It must be noted that the length of
the facet needs to be considered in conjunction with
the angle between two adjacent facets, especially
when the geometry is completely circular. Zdanchuk
et al. (2022) modeled wind effects on a building with
and without ledge to compare peak wind loads. They
discussed the possibility of simplifying the geometry
of a building in numerical modeling, namely, ignoring
the protrusions on the facades of buildings when
calculating the wind pressure. The investigation
showed that when studying peak wind loads,
facades with small protrusions could be considered
as smooth facades.

Thus, existing studies demonstrate that
building facade faceting, especially protruding and
recessed balconies, has a significant impact on the
distribution of wind loads. However, for the purpose
of simplifying calculations, certain details may be
neglected under specific conditions. Nevertheless,
clear recommendations regarding the degree to
which such simplifications affect the overall accuracy
of modeling are lacking.

In this study, computational and experimental
modeling was employed to assess the influence
of facade faceting on the distribution of wind flows
around the investigated object, as well as on the
deformability of the structural system, taking into
account its actual stiffness.

Materials and Methods

As the object of study, a high-rise multi-
functional complex (Fig. 1) located in a dense urban
environment was selected. The complex consists
of two high-rise residential buildings located on
a shared substructure.

These high-rise buildings have 50 above-ground
and 3 underground floors each. The total building
heightis 181 m. The structural system is a frame-wall
system made of cast-in-place reinforced concrete.

Two facade design options were considered
(Fig. 2):

1) with open balconies and vertical partitions
between them;

2) with smooth facades.

Experimental studies were conducted using
a unique research setup — the Large Gradient Wind
Tunnel, courtesy of the National Research Moscow
State University of Civil Engineering. Considering the
dimensions of the working section of the wind tunnel,
the maximum possible model scale of 1:270 was
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Fig. 1. Object under study

selected to minimize flow blockage effects (Fig. 3).
Each model had pressure measurement points
on its surface. Pressure from each opening was
transmitted through copper — and then silicone —
tubes to differential pressure sensors.

In addition, numerical simulations were performed
using the ANSYS CFD software to complement the
experimental research. The experimental data on

a)

mean pressure distribution at drainage points were
used for verification and validation of the applied
numerical modeling approach (Fig. 4).

Results and Discussion

A comparison of the obtained results
demonstrates a significant influence of faceting on
the facade of the studied object on the distribution
of wind loads across the facades. The difference is
most clearly visible in the isofields of the distribution
of aerodynamic external pressure coefficients on the
facades of the studied object (Fig. 5).

Analysis of the isofields shows that, in addition to
quantitative changes in the values of aerodynamic
coefficients, the overall pattern of wind load
distribution across the facades also changes. This
results from the altered behavior of the flow around
the buildings. The presence of facade elements
introduces additional turbulence into the wind
flow in the immediate vicinity of the facades and
even shifts the position of the “separation point”
As a consequence, substantial differences in wind
load values are observed in corresponding zones,
including changes in the sign from (+) to (-).

As an example, Table 1 presents the percentage
ratio of wind load values for specific zones on the
building facades with a wind direction of 45°.

From the perspective of the practical applicability
of the obtained results, the greatest interest lies
in comparing the integral (total) wind load on the
supporting structures of the object under study. This
comparison is presented in Table 2.

As can be seen from Table 2, without accounting
for faceting due to the presence of balconies, the
total wind load on building C1 at a wind direction
of 45° increases by 28 %, or 1.39 times, compared
to the design scheme in which such faceting was
considered. For building C2, the total wind load

b)

Fig. 2. Facade configurations: a — facades with balconies; b — smooth facades
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Fig. 3. Model of the studied object in the working section
of the wind tunnel

increase at a wind direction of 15° reached 40 %.
The ratio of change in integral wind loads for cases
with and without balconies is 1.39 for C1 and 1.67
for C2.

Based on the results of the conducted studies,
it can be concluded that detailing of facade structures
in wind load modeling has a significant impact on
both the qualitative distribution of wind loads across
the facades and their quantitative values.

Moreover, increasing the level of detail in
modeling of facade elements (increasing faceting
detail) reduces the integral wind load acting on the
facades of the entire building across different wind
directions by approximately 30-40 %.

For individual floors (10%", 20™", 30") within
different height zones of the buildings, differences in
wind loads between models with and without facade
faceting can vary from 1.3 to 2.0 times or more.
Figs. 6 and 7 show the ratio of change in the total
wind load per floor, comparing cases with and without
faceting, for buildings C1 and C2, respectively.

150

Thus, accounting for facade faceting
in experimental studies of wind effects reduces
the calculated horizontal loads on the building and
may negatively affect the reliability of the structural
system as a whole.

When performing wind load modeling, it is
important to pay attention to the installation
sequence of facade structures. If elements that
generate faceting (e.g., fins and other decorative
components) are installed after the primary facade
systems (such as curtain wall glazing or suspended
facades), it may be advisable to conduct studies
using models with smooth facades and determine
the maximum possible wind loads on the studied
object (with a safety margin).

Calculations

To assess the influence of facade faceting,
when determining wind loads based on the results
of aerodynamic tests, on the deformability of the
structural system of high-rise buildings, taking into
account its actual stiffness, a calculation model for
the complex with balconies on high-rise buildings
as well as a separate calculation model for the
complex without balconies on high-rise buildings
were developed.

The structural analysis of the designed complex
was performed using the finite element method in
a three-dimensional setting, taking into account the
mutual interaction between the structural system,
foundations, and base under vertical and horizontal
loads, using the STARK ES 2025 software.

The average component of the wind load on the
buildings was determined based on aerodynamic
coefficients obtained from the wind tunnel tests. The
pulsation component of the wind load was calculated
using dynamic analysis of the buildings’ natural
vibrations, considering the first vibration modes
of the system. The formation of these loads was
carried out in accordance with the main provisions
of Code of Practice SP 20.13330.2016. For high-
rise building C1, the critical directions of 45°, 150°,
195°, 345° were adopted as the design wind loads.

Fig. 4. Validation of numerical modeling results
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Fig. 5. Distribution of aerodynamic external pressure coefficients on the facades of the studied object:
a — facades with balconies, b — smooth facades. Flow direction: 45°

Table 1. Comparison of wind loads on specific facade zones of the studied object
for different facade configurations

Smooth facade (w,)

Belt/Zone 1 2 3 4 5 6 7 8 9 10 1 12
1 -157 | —197 | -82 | —12 27 66 74 -6 | —239 | 173 | -153 | -173
2 -159 | —164 | —-59 81 181 181 119 | -33 | —226 | —228 | -235 | -176
3 -186 | —210 | —73 | 134 | 296 | 320 | 218 -8 | —245 | -237 | -272 | —183

Facade with balconies (w,)

Belt/Zone 1 2 3 4 5 6 7 8 9 10 11 12
1 —-99 | -108 | -70 | -78 | -96 59 113 31 -152 | —146 | —124 | —101
2 -115 | -118 | =76 | -85 | —=132 | 90 152 33 | -172 | -170 | -160 | —122
3 =17 | 117 | 67 | -41 —96 144 | 169 34 | —170 | —167 | —169 | —130

Ratio (w,/w,)

Belt/Zone 1 2
1 0.63 | 0.55
2 0.72 | 0.72
3 0.63 | 0.56




O. Poddaeva, O. Kudinov, K. Mustafin — Pages 76-85
ASSESSMENT OF THE INFLUENCE OF BUILDING FACADE FACETING ON THE ACCURACY OF WIND LOAD SIMULATION

Table 2. Comparison of integral wind loads for critical wind flow directions

C1 Cc2
Facade configuration 45° 15°
Fx Fy Rxy Fx Fy Rxy
Facade with balconies 1,649 613 1,759 1,640 | 417 1,692
Facade without balconies 2,152 | 1,173 2,451 2,727 | 728 2,822
o 1.86 2.‘0;._

10th floor
20th floor

1.72
m45°

= 150"
m195°
345°

30th floor

Fig. 6. Change in the total wind load with and without faceting due to the presence of balconies,
depending on the height of the floor location and wind direction for building C1
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Fig. 7. Change in the total wind load with and without faceting due to the presence
of balconies, depending on the height of the floor location and wind direction for building C2

For high-rise building C2, the critical directions were
15°, 180°, 270°, and 330°.

At the first stage, the structural system of the
buildings was analyzed under standard wind
loads only. The results showed that horizontal
displacements for building C1 without balconies
along the design directions exceed those for the
building with balconies by a factor of 1.32—1.58.

The largest displacements under wind loads
only occur in both cases at a wind direction of 45°.
An increase in horizontal displacements at 45°
wind direction was 1.32 times, corresponding to
an increase in the integral wind load by 1.39 times.
Table 3 presents the results of the calculation and
comparison of the horizontal displacements of the
C1 structure due to wind load.

For building C2, horizontal displacements
increased by a factor of 1.47 to 1.65. The largest
displacements under wind loads only occur in both
cases at a wind direction of 15°. An increase in
horizontal displacements at 15° wind direction was
1.57 times, corresponding to an increase in the
integral wind load by 1.67 times. Table 4 presents
the results of the calculation and comparison of the
horizontal displacements of the C2 structure due to
wind load.

The actual deformability of the building complex
structural system was assessed in accordance
with Code of Practice SP 430.1325800.2018 under
standard combinations of vertical and horizontal
loads. Forinstance, for building C1 without balconies,
the largest horizontal displacements were observed

81



Architecture and Engineering

Volume 10 Issue 3 (2025)

Table 3. Comparison of the horizontal displacements of the C1 structure under wind loads (excluding
vertical loads) for wind directions 45°, 150°, 195°, and 345°, with and without consideration of facade
faceting due to the presence of balconies

i Facade without balconies Facade with balconies )
di\r/;hcr;i%n Along X axis Along Y axis | Total horizontal | Along X axis Along Y axis | Total horizontal URe;tl'j)
U, mm U, mm U, mm U, mm U, mm U, mm 1 Txy2
45° 95.5 35.9 102.0 75.8 14.8 77.2 1.32
150° —77.5 13.8 78.7 —51 30.1 59.6 1.32
195° —89.7 —26 93.4 —67 -16.1 69.1 1.35
345° 90.4 22 93.0 55.9 18.9 59.0 1.58

at the design wind direction of 195° and amounted
to 162 mm in the X direction and 36 mm in the Y
direction, with total horizontal displacements of 166
mm. Fig. 8 shows the horizontal displacements of the
C1 structure under the standard load combination
(considering both vertical and horizontal loads) for a
wind direction of 195°, without accounting for facade
faceting due to the presence of balconies.

For the structural system of building C1 with
balconies, the largest horizontal displacements
considering horizontal and vertical loads also
occurred at a design wind direction of 195°. However,
the maximum values were 138 mm in the X direction
and 23 mm in the Y direction, totaling 140 mm.

Fig. 9 shows the horizontal displacements of the
C1 structure under the standard load combination
(considering both vertical and horizontal loads) for
a wind direction of 195°, with accounting for facade
faceting due to the presence of balconies.

Thus, accounting for balconies in wind load
modeling reduces the horizontal displacements under
the standard full load combination for building C1 in the

critical direction by 16 %. For horizontal displacements
under wind loads only, the reduction is 26 %.

The obtained horizontal displacements for buildings
with and without balconies do not exceed the allowable
limit specified in Code of Practice SP 20.13330.2016
(1/500 of the building height, or 362 mm), indicating
sufficient stiffness of the structural system. However,
the relatively large horizontal displacements indicate
significant horizontal loads on the structural system,
which necessitates their consideration when providing
additional strength reserves for load-bearing vertical
structures, and generally increases the material
consumption during construction.

Conclusions

Based on the results of the computational and
experimental studies, it is recommended, in order to
ensure the required reliability of the building structural
system, to carry out design under the maximum
possible wind loads with no account for facade
faceting detail. The design of facade structures should
consider the turbulence effects of the wind flow when
accounting for their actual geometry.

Table 4. Comparison of the horizontal displacements of the C2 structure under wind loads (excluding
vertical loads) for wind directions 15°, 180°, 270°, 330°, with and without consideration of facade
faceting due to the presence of balconies

Facade without balconies Facade with balconies
Wind . . Total . . Total Ratio
direction Alcang )r:]:‘ns Altjng LranXIs horizontal AI%ng )r:"anXIs Altjng LranXIs horizontal Uml nyz
xt’ yr U,,» mm 2 v2’ U,,,» mm
15° 119 24 121.7 77.2 8.9 77.7 1.57
180° -95.2 7.7 95.5 -64.2 9.6 64.9 1.47
270° 33 -60 68.6 12.5 —-43.4 452 1.52
330° 108 41 115.3 58.9 -37.5 69.8 1.65
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Fig. 8. Horizontal displacements of the C1 structure under the standard load combination
(considering both vertical and horizontal loads) for a wind direction of 195°, without
accounting for facade faceting due to the presence of balconies: a — displacements
along x, b — displacements along y
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Fig. 9. Horizontal displacements of the C1 structure under the standard load combination
(considering both vertical and horizontal loads) for a wind direction of 195°, with
accounting for facade faceting due to the presence of balconies: a — displacements
along x, b — displacements along y
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AHHOTauuA

BBepeHue: BnusHne cteneHn getanu3aumun dacaga 3gaHvn (6ankoHOB, NOMKUIA, Namenen u Apyrux arnemMmeHToB da-
caja) — «LepoxoBaTocTby hacaga — Ha pe3ynbTaTbl MOAENMPOBaHUS BETPOBOWM Harpy3kn ObINo M3y4eHO B pasnmyHbIX
uccnenoBaHuax. beino yctaHoBneHo, 4YTo 6ornee BbICOKUIA YPOBEHb «LLEPOXOBATOCTMY» MOAENEN NOBbILIAET CornacoBaH-
HOCTb pe3ysbTaToB BblYUCAUTENBHOW MAPOAVHAMUKA C UCTILITAHUSIMW B a3pOAMHaMMYeckorn Tpybe, ogHako ans ynpotue-
HWSA pacyeToB, NPU ONPeAENneHHbIX YCIMOBUSX, MOXHO NpeHebpeyb HEKOTOPLIMU AeTansiM1, HO YETKMX PEKOMEHAALMIA No
CTEMEHN BNUAHUSA BBEAEHHbIX YNPOLLEHWUI HA KOHEYHYH TOYHOCTb MOAENMPOBaHUS NpakTUYeckn He BcTpedaetcs. Llenb
uccnegoBaHus: B HacTosLen paboTe ¢ NOMOLLbI pac4eTHO-3KCNepMMEeHTarbHOr0 MOAENMPOBaHNS BbiNOMHEHA OLeHKa
BMUSHUS AeTanu3aumm «LLepoxoBaTocTy dacaza 3aaHnsa Ha pacnpeneneHne BETPOBbIX MOTOKOB Ha MccrneayemMblin 06b-
ekT. MeToabl: hu3nyeckmne NCnbiTaHUSA MaKETOB YHUKANbHbIX 3AaHWUIA 1 COOPYXXEHUI B a3poanHaMUYeckon Tpybe, YmcneH-
HOe MoAenvpoBaHME BETPOBLIX BO3AENCTBUI. B pesynbraTe noka3aHo CyLeCTBEHHOE BNUSIHUE CTENEHW AeTanuaauum
«LlepoxoBaTocTuy» hacagoB MCcrenyemMon MOLENV 3[aHWS Ha pacnpenenieHne BeTPOoBOW Harpysku. NpoekTupoBaHue
dhacagHbIX KOHCTPYKLMIA pEKOMEHOYETCS BbIMOMHATL C y4eTOM achdekTa TypOynusaumm BETPOBOro NOTOKa Npu yyeTe ux
hakTUyYeckow reoMeTpumn, a NPOEKTUPOBAHNE HECYLLIMX KOHCTPYKLIMIA HEOOXOAMMO OCYLLECTBNAATE C Y4ETOM MakCUMarnbHO
BO3MOXHbIX BETPOBbIX Harpy3ok 6e3 yyeTa Aetanusaunm «LLepoxoBaTocTu» acagHbIX 31IEMEHTOB.

KnioueBble crnoBa: BbICOTHbIE 30aHWNSA, MOAENMPOBaHUE BETPA, BblUMCNUTENbHASA MMApPOANHAMMKE, aspoanuHaMmyeckas
Tpy6Ga, AeTanusaumsa dpacagos, LLEPOXOBaTOCTb.
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