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Abstract: Local wind pressures on tiny rods of complex grid structures are difficult to obtain through
wind tunnel tests due to their small sizes after scaling down, resulting in a lack of data support in
wind load calculations for similar structures. However, local wind pressures on tiny rods can be
obtained through numerical wind tunnel simulation using full-sized models. In order to investigate
the wind pressure distribution of a grid structure and the influence of grid structures on the wind load
of core tubes, three different television tower models are established based on an engineering example
for large eddy simulations. A turbulence inlet generator (NSRFG) is adopted in the simulations
while reproducing a portion of the wind tunnel test section including the mean and fluctuating
pressures for validation. The results indicate that the mean wind pressures on the intersection of
rods in the windward zone of the grid structure are higher than those on adjacent rods. Distinct
reductions in the mean and fluctuating wind pressure of the grid structure are found in different
zones. Moreover, resultant wind load forces and bending moments in the X and Y direction of the
grid structure generally exceed 70% of the total wind loads. Based on simulation results, extreme net
wind pressures of the grid structure and shape coefficients of enclosed regular octagonal cross-section
buildings with the grid structure are provided for reference.

Keywords: grid structure; precast television tower; large eddy simulation (LES); numerical wind
tunnel; wind load; wind pressure

1. Introduction

As infrastructure and industrialization develop, more and more structures with novel
shapes and structural patterns have been applied to buildings, such as the external grids
of towering television (TV) towers, lattice transmission towers, and other structures. It
has been recognized that geometric shapes perform a significant role in identifying the
influence of wind loads on high-rise buildings [1–3]. Buildings with grid structures are
generally characterized by complex shapes and interlocking rods with the interference of
surrounding buildings, resulting in a highly complex wind field. Local wind pressures of
buildings with complex grid structures are difficult to obtain through wind tunnel tests
due to tiny rods after scaling down. Furthermore, only the mean shape coefficients of
partially regularly shaped enclosed buildings are presented in the Chinese Load Code for
the Design of Building Structures [4]. The wind pressure distribution and shape coefficients
of complex-shaped buildings cannot be specified as well. Therefore, there is a lack of a
basis in the design of wind loads, and a detailed analysis simulation should be carried out.

Many studies have been carried out in wind tunnel experiments to understand the
wind load characteristics of high-rise buildings with openings and have demonstrated
the importance of openings on buildings. To et al. [5] investigated the influence of two
configurations of a through-building gap on the wind-induced dynamic responses of the
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building. According to the results, fluctuating across-wind forces can be reduced by a
disturbance of the coherence and phase-alignment of vortex excitation through the building
gap. Kikitsu and Okada [6] conducted wind tunnel tests and concluded that across-wind
responses of the high-rise building can be reduced by openings located in 0.8~0.9 H of the
building. Li et al. [7] investigated the effect of different opening heights, opening rates,
opening methods, landform types, and other influencing parameters on the wind loads of
high-rise buildings. The results indicate that openings can cause the wind loads along-wind
of high-rise buildings to be significantly reduced. Various aspects of the wind vibration
response [8,9], drag coefficients [10,11], and shading distance [12] of lattice towers have
been studied by high-frequency force-measured balance tests and aeroelastic wind tunnel
tests as well. However, only a few studies have considered the wind loading effects of
incoming wind flowing through the external grid structure and then acting on the main
structure. Hu et al. [13] conducted aeroelastic wind tunnel tests on double-layered curtain
walls with vertical slotting on the windward side. The results show that the double-layer
curtain wall with vertical slotting on the windward side can effectively reduce the crosswind
wind vibration response. However, the effect on the downwind response can be negligible.
Shen et al. [14] investigated wind loads on a torsion-shaped high-rise building with an
outer pierced ornament structure. According to the results, the mean and fluctuating wind
loads on the side wind surface of the main structure can be significantly reduced due
to the influence of the ornament structure. However, the spacing between the ornament
structure and the main structure is small. Moreover, the size of the rods is larger than that
of the TV tower. Yang et al. [15] confirmed the effectiveness of the porous double-skin
facade in suppressing the across-wind responses of buildings, especially when the porous
double-skin facade was located in the upper part of the building and covered at least 1/6
of the total height.

As the use of Computational Fluid Dynamics (CFD) numerical simulation grows, it
becomes possible to obtain the mean and fluctuating local wind pressures on tiny rods and
the wind load of the complex grid structure through large eddy simulations (LES). With
recent increases in computational power and the investigation of the unsteady problem,
LES has become a widely used tool for the simulation of the Atmospheric Boundary Layer
(ABL) [16]. Currently, there are three main categories of LES inlet turbulence generation
methods in computational wind engineering [17,18], including precursor simulation meth-
ods, recycling-rescaling-based methods, and synthetic turbulence methods. The first two
methods are classified as passive inlet turbulence generation methods. Different target wind
fields correspond to different wind field arrangements, which have low universality and
require much time for trial-and-error simulation to control the target turbulence intensity,
power spectrum, and other flow parameters. However, the turbulence synthesis method
is an active simulation method. The inlet turbulence continuity conditions can be strictly
guaranteed by using the random field generation (RFG) method. Furthermore, the compu-
tational accuracy and efficiency of the RFG method are relatively high. The method was
first proposed by Kraichnan [19] in 1970, while later, in 2001, Smirnov et al. [20] proposed
an RFG method satisfying the Gaussian spectrum by scaling an orthogonal transformation
of the continuous flow field generated by the superposition of harmonic functions. Never-
theless, structural wind resistance cannot be studied using this method because it does not
correspond to the ABL turbulence characteristics. Since 2010, the RFG-based methods have
been developed continuously, such as Discretizing and Synthesizing Random Flow Genera-
tion (DSRFG) [21], Improved Discretizing and Synthesizing Random Flow Generation [22],
Consistent Discrete Random Flow Generation (CDRFG) [23], Narrowband Synthesis Ran-
dom Flow Generation (NSRFG) [24], and other methods. The expressions of the DSRFG
method and CDRFG method for instantaneous wind speed are more complicated than the
NSRFG method. The wavenumber parameter solution requires solving ternary quadratic
equations, which takes more computational resources and a long computational time, mak-
ing it challenging to apply in practical engineering. Nevertheless, the NSRFG method has a
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more concise expression, and its calculation accuracy and efficiency are greatly improved,
making it a more promising inlet turbulence simulation method.

Turbulent processes can be directly solved by spatially filtering the flow field on a
grid scale to decompose it into two parts: large- and small-scale vortices. Large-scale
vortices contain almost all the turbulent kinetic energy, and small-scale vortices mainly
affect the dissipation of turbulent kinetic energy in turbulent wind fields. LES solves large-
scale vortices, which can retain most of the information of vortices in turbulent motion
and provide high-resolution spatiotemporal information of the flow field. Hence, the
characteristics of instantaneous turbulence in the flow field can be obtained. Ji et.al. [25]
conducted LES simulation by the RWTR method to explore the wind effects on a standard
high-rise building, including wind pressures and base bending moments. Vranešević,
K.K. et al. [26] adopted validated LES and performance maps to evaluate the wind energy
resources above the roof of a prismatic square building in terms of wind energy density
and turbulence intensity. Numerous complex buildings have been analyzed using LES
technology to validate the accuracy of different simulation methods as well [27–31].

By browsing the literature, it can be noted that few research works are available for
the wind pressure distribution on specific rods of the grid structure because it cannot be
obtained by aeroelastic wind tunnel tests and high-frequency force-measured balance tests,
which can only obtain the overall wind load. The wind load characteristics of the external
grid structure cannot be analyzed as well, causing inconveniences for the detailed design of
the rods and overall structures. Furthermore, only the mean shape coefficients of partially
regularly shaped enclosed buildings are presented in the Chinese Code [4]. The wind
pressure distribution and shape coefficients of such buildings with grid structures cannot
be specified as well. Therefore, there is a lack of a basis in the design of wind loads, and a
detailed analysis simulation should be carried out.

The objective of this study is to investigate the wind characteristics around TV towers
with a grid structure and wind pressure distribution characteristics of the inner and outer
surfaces of the grid structure, providing a reference for the wind load values of other
similar buildings. The used strategy is based on the LES using the NSRFG [24] method to
generate a fluctuating velocity satisfying the turbulence characteristics of the ABL. First,
the simulated flow around the building model was compared with the experimental results
obtained by Dagnew and Bitsuamlak [32] to validate the accuracy and applicability of
the simulation method. Later, LES numerical simulations of three TV tower models with
the enclosed structure, with the grid structure, and without the grid structure at different
wind direction angles are conducted. Wind pressure characteristics on the inner and outer
surfaces of the grid structure are investigated. The influence of the grid structure on the
wind pressure distribution and the wind load force of the core tube structure is analyzed
as well. In the end, based on simulation results, extreme net wind pressures of the grid
structure and shape coefficients of enclosed regular octagonal cross-section buildings with
the grid structure are provided for reference.

This paper consists of five sections. Section 2 introduces three TV tower models used
for simulation. Next, Section 3 introduces the numerical simulation method satisfying
targeted inlet turbulence characteristics. Furthermore, the mean and fluctuating wind
pressures of the building model are validated. Numerical simulation results are presented
in Section 4, beginning with a general description of the velocity field around three TV
towers, and then the local wind pressure characteristics of the TV tower with the grid
structure are given. The paper closes with conclusions about wind pressure distribution
and the influence of grid structures on the core tube in Section 5.

2. Project Overview
2.1. Model Description

TV tower models are established based on a steel towering precast TV tower without
the building envelope in China with a total height of 220.0 m, consisting of a communication
tower and a mast, as shown in Figure 1. The communication tower is located within the
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elevation range from 0 m to 161.7 m, and the mast is located within the elevation range
from 161.7 m to 220.0 m. The communication tower consists of an internal core tube and
an external grid structure. The core tube is regular octagonal in a cross-section with a
maximum radial dimension of 6.6 m. The horizontal cross-sectional outline of the external
grid structure is hexagonal, and its rods are made of thin-walled rectangular steel pipes. The
overall shading factor of the grid structure is approximately 0.8. The maximum horizontal
width is 33.5 m, located at the bottom of the TV tower at 0 m, and the minimum width
is 9.5 m, located at 83.6 m. The spherical upper man tower is located within an elevation
range of 136.6 m to 161.7 m, with a maximum diameter of 26 m. The horizontal cross-
section profile of the mast is octagonal at the bottom and quadrilateral at the top, and the
width changes from 5.5 m to 1.2 m as the height increases. Three models with an enclosed
structure, with a grid structure, and without a grid structure, respectively, are established
to investigate the wind pressure characteristics of the TV tower, as shown in Figure 2.
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Figure 1. Architectural rendering, 3D model drawing, elevation drawing, top view, and ground floor
plan of the TV tower: (a) Architectural rendering; (b) 3D model drawing; (c) Elevation drawing;
(d) Top view; (e) Ground floor plan.
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2.2. Measuring Points Arrangement

Six layers of measuring points were arranged at 25 m, 50 m, 75 m, 83.6 m, 100 m,
and 125 m, respectively. A total of 8 measuring points were arranged on each layer of
the core tube, and 64 measuring points were arranged on the inner and outer surfaces
of the grid structure at the corresponding height, with 432 measuring points. The TV
tower cross-section is center-symmetric, and the structure is center-symmetric as well. In
terms of the complexity of the structure, the wind direction angles were determined to be
0~90◦, with an interval of 15◦. Figure 3 illustrates the arrangement of measuring points
on the 25 m layer and the definition of wind direction angles. The rest of the five layers
were arranged in the same way. The maximum radial size of each layer is presented in
Figure 4. The mean and fluctuating wind pressure coefficients of measuring point i are
expressed by Cpi and Cσpi, respectively, and calculated according to Equation (1). Positive
values indicate pressure, and negative values indicate suction. Since the inner and outer
surfaces of the grid structure are subject to wind loads, it is necessary to consider the net
wind pressure (Cnpi) calculated according to Equation (2), where Copi is the wind pressure
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coefficient on the outer surface and Cipi is the corresponding wind pressure coefficient on
the inner surface.

Cpi =
Pi

0.5ρU2
H

, Cpi =
Pi

0.5ρU2
H

, Cσpi =
σp

0.5ρU2
H

(1)

Cnpi = Copi − Cipi (2)

where Pi is the instantaneous static wind pressure at the i monitoring point on the surface
of the building; ρ is the air density; UH is the mean wind velocity at the reference height
(take the top of the TV tower height of 220 m corresponding to the velocity of 40.22 m/s);
Pi is the mean static wind pressure over the time history of the i measuring point; σp is the
root mean square of the pressure-time history of the measuring point.
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3. Numerical Simulation
3.1. Introduction of NSRFG

The fluctuating wind velocity time history of a single point can be viewed as a smooth
random process superimposed by several harmonic units of different frequencies by the
principle of harmonic superposition. The basic idea of the NSRFG method is to corre-
spond each harmonic unit to a narrow-band process. Then, sufficient harmonic units with
simulation accuracy are selected to reconstruct the fluctuating wind velocity time history,
satisfying the requirements by the method of time-domain superposition. Finally, the
fluctuating velocity is extended to a three-dimensional space, meeting the turbulent charac-
teristics of ABL by considering the spatial correlation in a simulation of a single-position
fluctuating velocity-time history. The expression of instantaneous wind velocity in the
NSRFG method is shown in Equation (3):

ui(x, t) =
N

∑
n=1

Pi,n sin

(
k j,n

xj

Lj,n
+ 2π fnt + φn

)
(3)

where ui (i = 1, 2, and 3, respectively) represents the velocities in the along-wind, across-
wind, and vertical directions, respectively; x = {x, y, z} is the coordinate vector; t is time; N
is the number of spectral segments; fn = (2n−1)

2 ∆ f ; ∆ f is the frequency bandwidth; φn ∼
U(0, 2π) is a random number with a uniform distribution between 0 and 2 π; Lj,n = Uav

fncjγj
,

where cj is the decay coefficient of the target spatial correlation in the j direction (j = 1, 2,
and 3 denote the x, y, and z directions, respectively); γj is the tuning factor used to adjust
the spatial correlation of the generated turbulence flow field to satisfy the target condition.
kn = {k1,n, k2,n, k3,n} is a vector with a uniform distribution on a spatial circular curve,
which can be calculated by Equation (4).

k1,n = − q2
2,n+q2

3,n
An

sin θ

k2,n =
q1,nq2,n

An
sin θ +

q3,n
Bn

cos θ

k2,n =
q1,nq3,n

An
sin θ − q2,n

Bn
cos θ

(4)
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where qi,n =
pi,n
Li,n

(i = 1, 2, 3); An =

√(
q2

2,n + q2
3,n

)2
+ q2

1,nq2
2,n + q2

1,nq2
3,n; Bn =

√
q2

2,n + q2
3,n;

Pi,n =
√

2Su,i( fn)∆ f ; Su,i( fn) is the Von Karman spectrum in the i direction at the
frequency fn, which can be calculated by Equation (5). The Von Karman spectrum can be
adapted to reflect the statistical properties of the fluctuating wind speed. The expressions
of the fluctuating wind speed spectra in three directions of u, v, and w are as follows:

Su( f ) =
4(IuUav)

2(Lu/Uav)[
1 + 70.8( f Lu/Uav)

2
]5/6 (5a)

Sv( f ) =
4(IvUav)

2(Lv/Uav)
[
1 + 188.4(2 f Lv/Uav)

2
]

[
1 + 70.8(2 f Lv/Uav)

2
]11/6 (5b)

Sw( f ) =
4(IwUav)

2(Lw/Uav)
[
1 + 188.4(2 f Lw/Uav)

2
]

[
1 + 70.8(2 f Lw/Uav)

2
]11/6 (5c)

where Uav is the mean wind velocity, and I and L are the turbulence intensity and turbulence
integral scale in three directions, respectively.

The flowchart of the NSRFG method is shown as follows Figure 5:
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3.2. Validation of the NSRFG Method on the CAARC Standard Model
3.2.1. Computational Domain and Boundary Conditions

The NSRFG method was adopted to generate the fluctuating wind field in the ABL
and then applied to the simulation of the Commonwealth Advisory Aeronautical Re-
search Council (CAARC) standard building. The simulation results were compared with
the experimental results of Dagnew and Bitsuamlak [32] to validate the accuracy and
applicability of the NSRFG method on LES simulations. The size of the CAARC model
is 0.076(Dx) × 0.1143(Dy) × 0.4572 m (H), with a scale factor of 1:400. The dimension of
the computational domain is 3.8481 × 1.9431 × 1.1430 m, and the blockage ratio on the
windward side is 2.35% less than 5% [33]. The dimensions and boundary conditions of the
computational domain are shown in Table 1 and Figure 6.

Table 1. Boundary conditions.

Boundary Definition

Inlet Velocity-inlet
Outlet Outflow

The top surface of the computational domain Symmetry
The side surface of the computational domain Symmetry

The bottom surface of the computational domain No-slip wall
The surface of CAARC No-slip wall
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3.2.2. Solution Method and Meshing

The computational domain was divided into several parts to obtain a high-quality
mesh by using structural grids for the whole computational domain. Two Dy lengths
were extended from the CAARC model into the space, forming the core grid encryption
region, as shown in Figure 7. Two grid schemes, G1 and G2, were adopted to study the grid
independency of the results. The stretching ratio of the grids in the core grid encryption
regions of the G1 and G2 schemes is 1.15 and 1.05, respectively. The stretching ratio of the
grids outside the encryption region is increased to 1.2 to reduce the computation time. In
terms of the simulation of the empty domain, approximately 1.4 million structural grid
cells were generated for grid G1, and 2.1 million were generated for grid G2, as shown in
Figure 8 (only grid scheme G1 is presented in Figure 7). The height of the first grid layer
on the surface of the building was determined to be 1 × 10−4 m in consideration of the
computational resources. The y+ value near the wall surface was approximately 3.6 less
than 5, and the cut-off error of the wave number was minimized in the LES modeling [34],
which was acceptable for the wall function. The quality of the computational grids of two
grid schemes is in the range of 0.7 to 1.0.
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The discrete system of the continuity equation derived from the law of conservation
of mass is solved using the SIMPLEC algorithm based on the semi-implicit method for
solving the pressure-coupled systems of equations, which has good convergence and is
suitable for LES calculations with small time steps [35]. The time derivative was discretized
by the second-order implicit scheme, and the momentum discretization was discretized
by the bounded central difference scheme. The wall-adapting local eddy-viscosity model
was selected as the subgrid-scale model for LES. An absolute velocity residual of less
than 10−5 was adopted to ensure the convergence of the simulation. The time step for the
transient LES calculation was selected as 1× 10−4 s considering the mesh discretization and
computational resources. The maximum and average Courant numbers near the ground
are 0.865 and 0.124, respectively, ensuring the time accuracy of the simulation. A total
of 40,000 time steps were set to provide a statistically steady result of 4 s. The simulated
results were sampled after an initialization period of 0.5 s.
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3.2.3. Target Turbulence Characteristics

Since the NSRFG method is based on the Von Karman spectrum to generate turbulent
inlet velocities, the mean wind profile, turbulence intensity, and turbulence integral scale in
the along-wind, across-wind, and vertical directions of the target wind characteristics of the
turbulent wind field should be determined before simulation. The turbulence characteristics
of the ABL for the wind tunnel test were measured, as shown in Table 2.

Table 2. Measured inflow wind characteristics of the rural terrain.

Height
(m)

Mean Velocity
(m/s)

Turbulent Intensity
(%)

Turbulence Integral
Scale (m)

Iu Lx
u

0.1524 10.381 24.00 0.480
0.3048 11.458 22.50 0.540
0.4572 12.061 21.00 0.550
0.6096 12.810 19.60 0.600
0.9144 13.647 16.90 0.630
1.2192 14.438 15.60 0.640

The specific turbulence characteristic parameters at the inlet are presented in Table 3.
The mean wind profile was recommended in the form of an exponential law with an expo-
nent of 0.16 [32]. The reference height was taken as the top of the building (0.4572 m), and
the corresponding wind velocity was 12.061 m/s. The turbulence intensity and along-wind
turbulence integral scale were in the form of an exponential law as well. The recom-
mended values of Engineering Sciences Data Unit (ESDU) 85,020 [36] were adopted for
the turbulence intensity and turbulence integral scales of the fluctuating components v
and w. Comparisons of the mean wind speed profile, along-wind turbulence intensity, and
along-wind turbulence integral scale using the exponential form with the experimental
values presented in Table 2 are shown in Figure 9, indicating that the fitted values are
representative of the experimental values. The integral scale was corrected near the wall
surface to increase the point where the near-wall area sub-scale was equal to zero and was
more consistent with the actual fluctuating wind field. The spatially relevant parameters of
the NSRFG method took the following values: c1 = 10, c2 = 10, c3 = 15, c3 = 15, γ1 = 3.2,
γ2 = 1.6, γ3 = 1.4. The number of spectral segments N was chosen as 2000.

Table 3. CAARC model numerical simulation of turbulent wind field parameter settings.

Parameters Definitions

Mean velocity Uav(z) = Ure f

(
z/zre f

)α
, Uref = 12.061 m/s,

zref = 0.4572 m, α = 0.16

Turbulence intensity

Iu(z) = Ire f (z/0.3048)−β, Ire f = 0.225,
β = 0.26

Iv(z) = Iu(z) σv
σu

, Iw(z) = Iu(z) σw
σu

Lu(z) = 0.54
( z

0.3048
)0.14,

Turbulence integral scales
Lv(z) = 0.5

(
σv
σu

)3
Lu(z),

Lw(z) = 0.5
(

σw
σu

)3
Lu(z)

where σv
σu

= 1 − 0.22 cos4( π
2

z
h
)
, σw

σu
= 1 − 0.45 cos4( π

2
z
h
)
, h = u∗

6 f , u∗ = V10/[2.5 ln(10/z0)], f = 2 × 72.9 ×
10−6 sin ϕ, ϕ (Latitude of the region).
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3.2.4. Simulation Results

Twenty points were arranged vertically from low to high at the center point coordinates
(0.9542 m, 0.97155 m, 0 m) of the CAARC model placed at an interval of 0.05 m to monitor
the simulated velocity characteristics. In addition, two groups of twenty points were
arranged at the inlet (x = 0 m) and halfway between the inlet and the center of the CAARC
model (x = 0.4711 m), respectively, to test the homogeneity of the mean wind velocity and
turbulence intensity profiles. The locations of monitoring points are shown in Figure 10.
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The mean wind velocity and turbulence intensity profiles at the center position of the
CAARC model placed can be derived from the velocity-time history of each monitoring
point, as shown in Figure 11. A 1.9% difference and a 3.2% difference are observed
between G1 and G2 in the mean wind velocity and turbulence intensity profiles, respectively.
Hence, the results of the CAARC model simulations in the following sections are all
based on G1. The mean wind velocity profile in the central area of the building model is
consistent with the target velocity profile specified in Section 3.2.3. However, the turbulence
intensity profile is slightly attenuated. In order to investigate the homogeneity of profiles
between the inlet and building position, the mean wind velocity and turbulence intensity
profiles at different positions are presented in Figure 12. As the distance from the inlet
increases, there is almost no decay in the mean wind velocity, but the turbulence intensity
gradually attenuates. The turbulence intensity at the inlet (x = 0 m) is, on average, 5.0%
and 10.8% higher than that at the middle position (x = 0.4711 m) and the position of
the building (x = 0.9542 m), respectively, which is mainly related to the wind velocity
time equation not fully satisfying the momentum equation, LES filtering, subgrid-scale
model, wall mathematical model, and meshing accuracy simulated by the NSRFG method.
Nevertheless, the turbulence intensity profile at the position of the building placed agrees
with the experimental results in general.
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Figure 11. Mean wind velocity and turbulence intensity profiles at the center position of the CAARC
model placed.
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Figure 12. Mean wind velocity and turbulence intensity profiles at different locations.

The 0–4 s along-wind velocity time history and the normalized power spectral density
of the monitoring point Z1 (0.9542 m, 0.97155 m, 0.4572 m) of G1 are shown in Figure 13.
It can be observed that the monitored values of the power spectral density at the model
location only agree well with the target values in the low-frequency region, while they
decay rapidly in the high-frequency region. This phenomenon is related to the turbulent
kinetic energy dissipation generated by the filter operation of LES on small-scale vortices.
The filtering scale is determined by the grid resolution and calculation time step. Due to
computational resources, relatively coarse grids, large time steps, and short iteration times
are determined, causing the length scale of the monitoring point to be smaller than the
filtering scale. The energy supplied by the fluctuation of this part cannot be calculated
directly, resulting in the early truncation of the energy spectrum. Nevertheless, the natural
vibration frequency of structures is generally between 0.1 Hz and 5 Hz. The American [37]
and Australian [38] load codes specify that when the natural vibration frequency of the
structure is greater than 1 Hz, the effect of wind vibration can be disregarded. Therefore,
the primary concern of structural wind engineering is the fluctuating wind velocity power
spectra in the frequency band of 0.1 Hz to 1 Hz. In conclusion, the simulation of the
equilibrium ABL turbulent wind field agrees with the requirements in general.

The arrangement of measuring points at 2/3 H of the CAARC standard model is
shown in Figure 14. The mean wind pressure coefficients on the three elevations at 2/3 H
of the CAARC model simulated by the numerical wind tunnel are shown in Figure 15. It
can be observed that the distributions of mean wind pressure coefficients obtained from the
simulation and experiment on the windward side both present a trend of a large top and
a small bottom, with a mean deviation rate of approximately 5.3%. On the leeward side,
the mean wind pressure coefficients simulated are closer to the distribution trend obtained
from the experiment, with a mean deviation rate of about 6.1%. On the lateral side, the
simulated mean wind suction forces are larger than the experimental values, and the mean
deviation rate is about 9.1%.
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The distribution of wind pressure coefficients under different working conditions is
shown in Figures 16 and 17. The mean wind pressure coefficients at the same height of
the windward side under each working condition are consistent with the wind tunnel
test results, while the fluctuating wind pressure coefficients are larger. The distribution
of the fluctuating wind pressure coefficients on the leeward side is relatively uniform.
However, the fluctuating wind pressure coefficients are larger compared with the wind
tunnel experiment, mainly because the flow field in the computational domain is a high
Reynold number flow field. Moreover, the fluctuating flow field is unstable, and there is an
inevitable error between the target turbulence characteristics and the measured data in the
wind tunnel test.

In conclusion, the NSRFG method adopted in this study can reasonably simulate the
mean and fluctuating winds, satisfying the turbulence characteristics of the ABL, which
validates the accuracy and applicability of the simulation method in this study.
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Figure 16. Contours of the mean wind pressure coefficients on the windward and leeward sides.

Buildings 2022, 12, x FOR PEER REVIEW 17 of 37 
 

 
  

 

NSRFG Experiment NSRFG Experiment 
(a) Windward side (b) Leeward side 

Figure 16. Contours of the mean wind pressure coefficients on the windward and leeward sides. 

    

NSRFG Experiment NSRFG Experiment 
(a) Windward side (b) Leeward side 

Figure 17. Contours of the fluctuating wind pressure coefficients on the windward and leeward 
sides. 

0 .
1

0. 35
0.6

0.6

0.
6

0.
6

0.85

0.
85

0.
85

0.9
0.8

0.75
0.7

0.65

0.35
0.55 0.

6
0.

7
0.

65
0.

75
0.

85

0.9

0.85

0.75

0.20.35

0.75
0.650.25

0.
45

0. 35

0 .
4

0.7
5

0.6

0.25

Z(
m
)

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

-0.8

-0
.78

-0.82

-0.
82

-0.74

-0
.74

-0.68

-0.7

-0.66
-0.72

-0.72

-0.72 -0.7
-0.74

-0
.6

8

-0.66

-0.78

-0.8
-0.76

-0.7
-0.66

-0.84

-0.76
-0.72
-0.68
-0.64

-0.74

-0
.7

-0.
64

-0.74

-0
.74

-0
.7

-0.76

-0
.8

2

-0.62

Z(
m
)

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.25

0.27
0.27

0.
27

0.
29

0.29

0.
31

0.
33

0.3

0.
35

0.
3 5

0 .3 5

0.26

0.26

0.26

0.25

0.25

0.
26

0.27

0.28

0.
27

0.
29

0.29

Z(
m
)

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45
0.35

0.
41

0.
45

0.
49

0.55

0.
49

0.
45

0.4

0.
45

0.29

0.31

0.33

0.43

0.45

0.37

0.
41

0.35

0.
43

0.
53

0.35

0.41

0.550.
510.

39

0.35

0.
370.39

0.
45

0.43
0.39

0.
33

0.29
0.33

0.39

0.39

Z(
m
)

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Figure 17. Contours of the fluctuating wind pressure coefficients on the windward and leeward sides.



Buildings 2022, 12, 1428 18 of 35

3.3. LES of the Towering Precast TV Tower without a Building Envelope

The computational domain and boundary conditions of the full-scale model are
presented in Figure 18. The computational domain is a cuboid with dimensions of
800 × 400 × 500 m in the x, y, and z directions and a blockage ratio of less than 3% [33]. A
mixed inner and outer domain meshing scheme was applied to divide the computational
domain because of complex rods outside the core tube, as shown in Figure 19. The surface
of the building model was gridded with three layers of prismatic grids, and the height of
the first wall grid was selected to be 0.01 m considering computational resources. Therefore,
the near-wall y+ value was approximately 30~100, which applied to the wall function. The
overall grid quality of the computational grid was kept at 0.3 to 1.0, with the partial quality
below 0.3 (approximately 0.01%) due to dense grids. The total number of grids reached
8 million.
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The wall-adapting local eddy-viscosity model was adopted as the subgrid-scale model
for LES. The discrete system of the continuity equation is solved using the SIMPLEC
algorithm according to the semi-implicit method for solving the pressure-coupled systems
of equations. The time derivative was discretized by the second-order implicit scheme, and
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the momentum discretization was discretized by the bounded central difference scheme.
An absolute velocity residual of less than 10−5 was adopted to ensure the convergence of the
simulation. The time step for the unsteady LES calculation was set at 0.05 s considering the
mesh discretization and computational resources. A total of 600 time steps were resolved to
provide a statistically steady result of 30 s. The simulated results from the LES are sampled
after an initialization period of 10 s. The specific turbulence characteristic parameters at
the inlet are shown in Table 3, where the mean wind speed profile U and the turbulence
intensity Iu refer to the Chinese code [4]. The recommended values of ESDU 85,020 [36]
were adopted for the along-wind turbulence integral scale L, the turbulence intensity, and
the integral scales of the fluctuating components v and w. z0 = 0.05 m, c1 = 10, c2 = 12,
c3 = 12, γ1 = 2.25, γ2 = 2.10, γ3 = 2.10 [39]. The wind load is calculated based on the basic
wind pressure of a 50-year recurrence period, and the ground roughness type corresponds
to category B in the Chinese code [4].

4. Results and Discussions
4.1. Distribution of the Velocity Field

Figures 20 and 21 present the instantaneous wind speed contours and streamlines of
the three models at 20 s in two planes of Y = 200 m and Z = 50 m at a 0◦ wind direction
angle, respectively. When the incoming wind flows around two sides of the TV tower
with the grid structure, part of the incoming wind flows through the grid structure and
then acts on the core tube. It separates on the two sides of the core tube and converges
on the leeward side, producing dense vortices. Then, the dense vortices are discharged
downstream through the grid structure in the leeward zone under the transport of the
incoming wind. Yan, B.W. [27] conducted LES simulations on an aero control tower with an
elliptical shape. When the incoming flow wind acts on the aero control tower, a relatively
long wake zone and quite strong turbulent vortex shedding are found in the numerical
simulations, which is quite different from the TV tower with the grid structure.
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The wake of the model with the grid structure is the longest among the three models.
Due to the absence of shading in front of the incoming flow, dense alternating vortices
are produced in the leeward zone of the core tube under the interaction of wind speed
fluctuations of different frequencies and the vortices in the flow separation zone, with the
vortex shedding phenomenon on the lateral side. However, there are only a few small-scale
vortices on the leeward and flow separation sides of the core tube, and there is no apparent
vortex shedding. Most of the incoming winds converge on the leeward zone and flow
out downstream along the incoming path, resulting in the smaller cross-wind load of the
grid structure.

4.2. Local Wind Pressure Characteristics on the Outer Surface of the TV Tower with the
Grid Structure

Figures 22 and 23 present the mean and fluctuating wind pressure coefficient contours
on the outer surface of the grid structure and the core tube of the model with the grid struc-
ture at the 0◦ wind direction angle. The distribution of mean and fluctuating wind pressure
coefficients on a 50 m layer at a 0◦ wind direction angle is shown in Figures 24 and 25.
The mean wind pressure on the surface of the core tube with the grid structure in front
of the incoming flow is relatively lower than the case without the grid structure. The
fluctuating wind pressure on the surface of the core tube in the windward zone is small
in the middle and large at the ends, which is attributed to the shading effect of the grid
structure, decreasing the wind speed and turbulence intensity of the incoming wind. At
the edge of the grid structure and core tube, a higher negative pressure appears because
of the flow separation, and the edge of the core tube is relatively more apparent. The
maximum negative wind pressure coefficient can reach −1.0. Moreover, in the leeward
zone under the control of the wake, the wind pressures are negative, with small absolute
values. Fluctuating wind pressures at the intersection of the rods of the grid structure are
smaller than those on the adjacent rods because the wind-affected area at the intersection is
larger than the rods, resulting in a more significant influence on the fluctuating dissipation
of the wake. This causes the vortices formed by the wake flowing through to influence the
adjacent rods, enhancing the fluctuating characteristics and wind pressure.
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Figure 26 shows the wind pressure coefficients on the outer surface of the enclosed
structure and the grid structure on the 50 m layer at a 0◦ wind direction angle. The absolute
values of mean wind pressures in the windward and leeward zones of the grid structure
are slightly higher than that of the enclosed structure, while they are significantly reduced
in the flow separation zone compared with the enclosed structure. The fluctuating wind
pressure coefficients in the windward zone of the grid structure are close to those of the
enclosed structure, while they are significantly smaller in the leeward and flow separation
zones, indicating that the intensity of the vortices generated on the lateral side of the grid
structure is much less than the case without the grid structure.

Figures 27 and 28 present the mean and fluctuating wind pressure coefficients of
each measuring point on the outer surface of the grid structure and the core tube at a
0◦ wind direction angle. The distribution trends of the mean wind pressure coefficients
for each measuring point layer of the grid structure are similar. The absolute values of
the mean wind pressure in the windward, flow separation, and leeward zones generally
increase as the height increases. The maximum positive pressure appears in the middle
of the windward zone (1 measuring point). The mean pressures show a large distribution
trend in the middle and a small distribution trend at the ends in the horizontal direction.
The maximum mean wind pressure coefficient reaches 0.93. The mean wind pressure
coefficients in the flow separation zone are negative and have strong fluctuations. The
mean wind pressure coefficients in the leeward zone are relatively stable, fluctuating
between −0.75 and −0.25. The fluctuating wind pressure coefficients are the largest in
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the middle of the windward zone and then decrease gradually toward the two ends and
increase when approaching the flow separation zone, indicating that the fluctuating wind
pressures in the lateral zone are mainly related to the characteristic turbulence.
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Figure 24. Mean wind pressure coefficient distribution on the 50 m layer: (a) Windward side of the
grid structure; (b) Windward side of the core tube; (c) Leeward side of the grid structure; (d) Leeward
side of the core tube.
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Figure 28. Wind pressure coefficients at each measuring point of the core tube at a 0◦ wind
direction angle.

The distribution trend of mean wind pressure coefficients at each measuring point
layer of the core tube is similar to that of the outer surface of the grid structure. The
maximum positive pressure is in the windward zone (65 measuring point), showing large
characteristics in the middle and small characteristics at the ends. The mean wind pressure
coefficients are negative in the flow separation and leeward zones (67~71 measuring points).
The mean wind pressure coefficients in the leeward zone (68~70 measuring points) vary less,
fluctuating between −0.41 and −0.11. The fluctuating wind pressure coefficient reaches
the maximum value of 0.12 in the flow separation zone (67, 71 measuring points).

4.3. Power Spectral Densities of Fluctuating Wind Pressure at Typical Measuring Points

The power spectral density can reflect the contribution of wind pressure signals on
different frequency bands to the fluctuating wind pressure. Figure 29 shows the normalized
power spectra of fluctuating wind pressure at typical measuring points (1, 9, 17, 65, 67,
and 69 measuring points) on the 50 m layer at a 0◦ wind direction angle. The power
spectra of the fluctuating wind pressure at each measuring point display a single spectral
peak in the 0.04 dimensionless frequency band. The values decrease gradually with the
increase in frequency, indicating that the energy of the fluctuating wind pressure is mainly
concentrated in the low-frequency region. The power spectra of the flow separation and
windward zones are large, while they are small in the leeward zone.

The power spectra of wind pressure on the outer surface of the grid structure (9,
17 measuring points) in the flow separation and leeward zones are lower than those of
the enclosed structure, indicating that the shading influence of the grid structure causes
the fluctuation characteristics of the incoming flow to reduce. The wind pressure spectra
on the outer surface of the grid structure in the windward zone are slightly higher than
those of the enclosed structure in the low-frequency band, while they are close in the
high-frequency band.

The wind pressure spectral values in the windward zone with the grid structure are
higher than those without the grid structure, mainly because the fluctuating characteristics
are enhanced by the influence of the vortices generated by the incoming wind flowing
through the grid structure. Furthermore, the shading influence of the grid structure causes
the vortices to gradually shift from the large-scale vortices generated by the impact to the
small-scale vortices, resulting in a decrease in the power spectra of the flow separation
and leeward zones compared to the windward zone. Moreover, the wind pressure spectral
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values decay rapidly in the high-frequency region, which is mainly related to the turbulent
kinetic energy dissipation generated by the numerical algorithm and the filtering of the high-
frequency component of the wind velocity-time history by the LES using a filtering function.
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Figure 29. Normalized power spectra of fluctuating wind pressure at typical measuring points on
the 50 m layer at a 0◦ wind direction angle.

4.4. Wind Pressure Distribution Characteristics of the Inner and Outer Surfaces of the
Grid Structure

The mean, fluctuating, and net wind pressure coefficients on the inner and outer
surface of the grid structure on the 50 m layer at a 0◦ wind direction angle are presented in
Figure 30. The inner measuring point numbers 33~64 are transformed into the correspond-
ing outer numbers 1~32 for comparison. The mean wind pressures at the rod intersection
on the outer surface of the grid structure in the windward zone are higher than the adjacent
rods such as the 1, 2, and 3 measuring points due to the larger wind-affected area and the
more obvious obstruction of the incoming wind. Nevertheless, the mean wind pressures at
the rod intersection in the leeward and flow separation zones are lower than the adjacent
rods such as the 18, 19, and 20 measuring points.

In addition, the corresponding mean and fluctuating wind pressure coefficients on the
inner and outer surfaces are different. This discovery is contrary to the results of research
on net wind pressures on the inner and outer surface of a torsion-shaped high-rise building
with an outer pierced ornament structure [14]. This is mainly because the pierced ornament
structure is quite close to the main structure; thus, the inner surface is less affected by wind,
indicating that the wind pressures of the grid structure are significantly different from those
of other buildings. The distribution trend of the mean wind pressure on the outer surface is
the same as the net mean wind pressure. The net wind pressure is greater than that on the
outer surface in the windward zone, while it is smaller than that in the leeward zone. This
phenomenon is mainly because the surface inside the windward zone is in the leeward
zone relative to the outer surface, which shows a negative pressure with a smaller absolute
value. Similarly, the surface inside the leeward zone is in the windward zone relative to
the outer surface, which shows a smaller positive pressure, increasing or reducing the net
wind pressure. Nevertheless, the inner and outer surface pressures in the flow separation
zone are negative, such as the 6~11 and 23~27 measuring points. The pressure on the outer
surface reaches the minimum value, leading to the absolute value of net wind pressure
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being smaller than that on the outer surface. The fluctuating wind pressure distribution
characteristics on the inner surface are opposite to those on the outer surface.
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The largest fluctuating wind pressure on the outer surface of the grid structure appears
in the middle of the windward zone and gradually reduces toward the flow separation
zone at the ends. Then, it increases near the flow separation zone and finally reduces
toward the leeward zone. The fluctuating wind pressure on the inner surface in the flow
separation zone is relatively small.

4.5. Lift and Drag Coefficients for the TV Tower with a Grid Structure

The drag and lift coefficients—Cd and Cl, respectively—are calculated according to
Equation (6), as follows:

Cd =
FD

1/2ρB
∫ H

0 U(z)2dz
, Cl =

Fl

1/2ρB
∫ H

0 U(z)2dz
(6)



Buildings 2022, 12, 1428 27 of 35

where U(z) is the mean wind velocity corresponding to the height z. FD and FL are the along-
and across-wind forces, respectively. Considering the wind shear profile, substituting the
velocity profile into the integration one yields:

1/2ρB
∫ H

0
U(z)2dz ≈ 0.384ρBHU2

H (7)

Figure 31 presents the drag and lift coefficient spectra of the grid structure and the core
tube at a 0◦ wind direction obtained from the numerical simulations. A wide frequency
range is presented in the energy spectrum of the drag coefficients. The drag coefficient
spectrum of the grid structure is close to that of the total, while it is significantly larger than
the core tube, indicating that the along-wind force of the grid structure is relatively large
in the total along-wind force. For the lift coefficient spectrum presented in Figure 31b, it
appears as a narrow band. The lift coefficient spectra of the grid structure and the core tube
reach the maximum at a reduced frequency of approximately 1.44, which is mainly due
to the dissipation of the large-scale vortex energy at low frequencies by the grid structure,
making the energy transition to high frequencies. However, decay can be observed in the
high-frequency region of the drag and lift coefficient spectra of the grid structure and the
core tube from simulations. This phenomenon may be caused by the relatively coarse mesh,
large time steps, and short iteration times due to the restricted computational resources.
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4.6. Extreme Net Wind Pressure of the Grid Structure

Figure 32 shows the statistical results of the skewness s and kurtosis k of the net wind
pressure coefficients of all measuring points at a 45◦ wind direction angle. S is concentrated
between −1 and 0.5, and k is concentrated between 2 and 3.5, which is similar to the
standard normal distribution with skewness s = 0 and kurtosis k = 3. Similar conclusions
can be found for other wind direction angles. Thus, it can be considered that the net wind
pressure coefficients of all measuring points approximately obey the Gaussian distribution.
Therefore, the extreme net wind pressure coefficients can be obtained by the peak factor
method. Figure 33 presents the envelope of the extreme net wind pressure coefficients at
measuring points on the outer surface of the grid structure. The maximum and minimum
net wind pressure coefficients are calculated according to Equation (8). The extreme net
positive pressure at the 13~25 measuring points is lower than others and fluctuates with the
wind direction angle, resulting from measuring points not in the vertical windward zone
of the incoming wind within the wind direction angle range from 0◦ to 90◦. The extreme
negative net pressure varies less with the wind direction angle and fluctuates between
−1.43 and −0.20.

Cnpi,max = Cnpi + 3Cσpi, Cnpi,min = Cnpi − 3Cσpi (8)
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4.7. Total Wind Load of the TV Tower with the Grid Structure

The forces (F) and moments (M) can be calculated by Equations (9a) and (9b), where m
is the number of outermost grids; Pi is the mean static wind pressure over the time history
of the grid i; Ai is the surface area of the building corresponding to grid i; zi is the height
corresponding to grid i; αi is the angle between the X-axis and the external normal direction
of the building surface corresponding to the grid i.

FX =
m

∑
i=1

Pi Ai cos αi, FY =
m

∑
i=1

Pi Ai sin αi (9a)

MX =
m

∑
i=1

Pi Aizi sin αi, MY =
m

∑
i=1

Pi Aizi cos αi (9b)

The resultant wind loads (FX , FY) and bending moments (MX , MY) of the grid structure
and core tube at seven wind direction angles are presented in Figure 34. The along-wind
resultant wind load force at the 0◦ and 90◦ wind direction angles is significantly larger
than the across-wind resultant load force. The maximum positive value of FX is obtained
at 15◦ and decreases as the wind direction angle increases in general. In comparison, the
maximum negative value of FY is obtained at 75◦ and increases as the wind direction angle
increases in general. The resultant force of the grid structure varies significantly, while that
of the core tube varies gently as the wind direction angle changes.
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Figure 34. Mean wind load of the grid structure and core tube.

The maximum positive value of MX is obtained at 75◦ and generally increases with the
increase in the wind direction angle, while the maximum positive value of MY is obtained at
0◦ and generally decreases with the increase in the wind direction angle, which is positively
related to the absolute value of the resultant force in the X and Y directions in general. FX
and FY, MX and MY are generally centrally symmetric at a 45◦ wind direction angle.

Table 4 illustrates the percentage of wind load of the grid structure and core tube in the
total wind load. It can be observed that the percentage of wind load of the grid structure in
the total wind load is greater than 70%, in general. Furthermore, the percentage of the core
tube in several angles exceeds 100% due to the different directions of the grid structure
and core tube, such as FX and MY at a 60 ◦ wind direction angle. At a 90◦ wind direction
angle, although FX and MY of the grid structure occupy a relatively smaller proportion of
the total wind load, the total load value is small and has no control effect. In conclusion,
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the resultant forces and bending moments of the grid structure at all angles exceed 70% of
the total wind load and perform a controlling role in the wind load.

Table 4. Percentage of wind load of the grid structure and core tube in the total wind load.

Angle
(◦)

FX FY MX MY

Grid
Structure

(%)

Core Tube
(%)

Grid
Structure

(%)

Core Tube
(%)

Grid
Structure

(%)

Core Tube
(%)

Grid
Structure

(%)

Core Tube
(%)

0 83.5 16.5 53.2 46.8 84.8 15.2 81.0 19.0
15 82.6 17.4 79.4 20.6 68.4 31.6 81.1 18.9
30 82.3 17.7 83.8 16.2 82.1 17.9 80.9 19.1
45 83.1 16.9 83.0 17.0 81.5 18.5 80.3 19.7
60 105.0 −5.0 76.4 23.6 71.8 28.2 113.6 −13.6
75 70.1 29.9 84.0 16.0 81.9 18.1 61.7 38.3
90 15.7 84.3 83.3 16.7 80.1 19.9 −58.1 158.1

Mean 74.6 25.4 77.6 22.4 78.7 21.3 62.9 37.1

4.8. Influence of the Grid Structure on the Wind Load of the Core Tube
4.8.1. Wind Pressure Coefficients of the Core Tube with and without the Grid Structure

Figure 35 presents the wind pressure coefficients of the core tube with and without
the grid structure on the 75 m layer at a 0◦ wind direction angle. The shading influence
of the grid structure reduces the overall mean wind pressures in the core tube, and the
reduction is more evident in the flow separation zone, as measured at the 67 and 71 points.
The grid structure can reduce the wind pressure in the flow separation zone of the core
tube to a maximum of 50% of that without the grid structure. Moreover, the grid structure
can improve the fluctuating wind pressure coefficients in the windward zone of the core
tube due to the interference of the grid structure with the incoming wind, which causes
the fluctuating characteristics to increase. In the flow separation and leeward zones, the
fluctuating wind pressure coefficients decrease, especially in the flow separation zone, due
to the shading influence of the grid structure.
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Figure 35. Wind pressure coefficients of the core tube with and without the grid structure on the
75 m layer at a 0◦ wind direction angle.

The mean shape coefficients of the enclosed octagonal building under constant in-
coming winds are presented in the Chinese code [4] without considering the shading
influence of the grid structure. According to the numerical simulation results, Figure 36 and
Table 5 present the mean shape coefficients of different wind-affected zones at 0◦, 45◦, and
90◦ wind direction angles. The measuring point numbers of different wind-affected zones
at different wind direction angles remain the same as they are at the 0◦ wind direction angle.
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The windward and leeward zones of the core tube with the grid structure are substantially
reduced compared with the Chinese code. The reduction in the windward zone is greater
than that in the leeward zone, with a maximum reduction of 57.5%.
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Although the grid structure can cause the wind pressure to decrease in the flow
separation zone, the absolute value is 23% higher than the reference of the code, which
is attributed to the influence of fluctuating characteristics not considered in the code.
According to the simulation data, and taking the symmetry into account, the reference
values for the mean shape coefficients of the enclosed octagonal cross-section building
with the grid structure are presented in Figure 37. The absolute values of simulation in the
windward and leeward zones are, on average, 65.8% and 34.7% lower than the code values,
respectively, which is beneficial for structural design.
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Figure 37. Reference values for the mean shape coefficients of the enclosed octagonal cross-section
building with the grid structure.

4.8.2. Wind Load of the Core Tube with and without the Grid Structure

The mean resultant wind load forces and bending moments in the X and Y directions
of the core tube with and without the grid structure are presented in Figure 38. It can be
observed that, except for 0◦ and 90◦, the resultant forces of the core tube with the grid
structure in the X and Y directions are smaller than those without the grid structure, with a
percentage reduction of 36.3% and 24.3%, respectively. Although the FY of the core tube
with the grid structure at a 0◦ wind direction angle and the FX of the core tube with the grid
structure at a 90◦ wind direction angle are smaller than the case without the grid structure,
the resultant force value is only 15 kN~30 kN in the X and Y directions. The resultant
bending moments of the core tube in the X and Y directions cannot necessarily be reduced
due to the grid structure at different wind direction angles, indicating that the grid structure
reduces the absolute values of the mean wind pressures of the core tube shaded by the
grid structure. However, part of the incoming wind flowing through the grid structure acts
directly on the core tube, resulting in a larger wind pressure in the non-shaded part. The
overall wind load resultant force and the bending moment of the core tube might increase.
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resultant bending moments of the core tube in the X and Y directions cannot necessarily 
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grid structure reduces the absolute values of the mean wind pressures of the core tube 
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Figure 38. Wind load of the core tube with and without the grid structure. 
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Figure 38. Wind load of the core tube with and without the grid structure.

5. Conclusions

This study investigates the wind pressure distribution on the inner and outer surfaces
of the grid structure and the influence of the grid structure on the wind pressure and the
load of the core tube. According to the simulation results, the shape coefficients of the
octagonal building with the grid structure are provided for reference. The main conclusions
drawn from this study are as follows:

1. The mean wind pressure at the intersection of rods on the outer surface of the grid
structure in the windward zone is higher than that on adjacent rods, while it is lower
than that on adjacent rods in the leeward and flow separation zones.

2. The grid structure decreases the mean wind pressures on the outer surface in the
flow separation zones and the fluctuating wind pressures in the flow separation
and leeward zones. However, the grid structure has little effect on the mean wind
pressure in the windward and leeward zones and the fluctuating wind pressures in
the windward zone.

3. The absolute value of the net wind pressure is larger than the wind pressure on
the outer surface in the windward positive pressure and leeward zones, while it is
smaller than that in the flow separation zone. The net wind pressure coefficients of
all measuring points approximately obey the Gaussian distribution. The extreme
positive net wind pressure coefficient on the outer surface of the grid structure is 1.59,
and the extreme negative value is −1.43.

4. The resultant wind load forces and bending moments in the X and Y directions of the
grid structure are relatively larger in the total wind load; they are generally greater
than 70%, performing a controlling role in the wind load.

5. The grid structure can reduce the absolute values of the mean wind pressures on the
surface of the core tube shaded by the grid structure in the windward zone and the
fluctuating wind pressures in the flow separation and leeward zones. The simulated
absolute values of the mean shape coefficients of the octagonal cross-section buildings
with the grid structure in the windward and leeward zones are, on average, 65.8%
and 34.7% lower than the reference of the Chinese code, respectively, while they are
23% higher than the reference of the code in the separation zones.

6. The resultant forces of the core tube with the grid structure in the X and Y directions
are smaller than those without the grid structure, with a percentage reduction of 36.3%
and 24.3%, respectively.
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