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ABSTRACT
A thousand-meter-scale megatall building, which is consisted of three
equilateral-triangle arranged elliptic towers and a central circular tower, has 10 outdoor
platforms along its height with an interval of 100m to connect the towers. As there is no
shelter among the outdoor platforms, wind can pass through the building with high
speed, which will cause discomfort and even danger to the pedestrians on the platforms.
Therefore, it is very necessary to study on the pedestrian-level wind environment on the
platforms. Due to the limitation of blocking ratio of the wind tunnel and the requirement
of sufficient measuring points on the platforms, the wind environment experiment can
only be conducted using a three-platform sectional model with the length scale ratio of
1/300. Therefore, problems should be solved at first are as follows: Whether the
experimental results acquired from the sub-configuration is feasible and effective for
assessment of the pedestrian-level wind comfort of the real thousand-meter-scale
megatall building? How to acquire exact pedestrian-level wind environment of the
megatall building?
In order to acquire exact pedestrian-level wind environment of the megatall building,
both the wind environmental experiment and the CFD simulations are employed in the
present paper. Wind environmental experiment on a three-platform sectional model (the
sub-configuration) is conducted to acquire the experimental data of the pedestrian-level
wind environment, which is employed to validate the CFD simulation methods.
Furthermore, the pedestrian-level wind environment of both the sub-configuration and a
full model are compared via CFD simulations, and the link of the pedestrian-level wind
speed amplification factor between two models are established, and then an adjustment
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coefficient for the wind speed amplification factors from the sub-configuration to the full
model is put forward. Therefore, the exact pedestrian-level wind speed can be acquired
by multiplying the experimental data and the adjustment coefficient, which lays a solid
foundation for the pedestrian-level wind comfort assessment.

In order to establish the link of wind speeds between the sub-configuration and the
real megatall building, the pedestrian-level wind environment of both the
sub-configuration and a full model are compared via CFD simulations. Distributions of
the pedestrian-level wind speed on all the platforms of the full model are studied, and
the most unfavorable platform is determined by using the quartile method. And then an
adjustment coefficient for the wind speed amplification factors from the
sub-configuration to the full model is introduced, which lays a solid foundation for
assessment of the pedestrian-level wind comfort.
1. INTRODUCTION
Wind is one of the most important environmental factors that influence people’s daily
activities. The wind environment around buildings is consequently concerned by
government agencies, developers, architects, landscape architects, building services
engineers and other professionals at different levels.
A thousand-meter-scale megatall building, with a height of 1180 m, is proposed to be
built in Dalian, China. The building, which is consisted of three equilateral-trianglearranged elliptic towers and one central circular tower, has 10 outdoor platforms along
its height with an interval of 100 m to connect the four towers. For each platform, its
height is 15 m, and three pieces of wind shields with a height of 3 m are placed on its
exterior edge. Above the top platform at level of 1000 m, there are four domes with a
height of 180 m. Fig. 1 shows an effect drawing of this building and its plan graph.
Without any shelter between every two adjacent platforms, the approaching wind can
pass through them directly, so there will be significant problems of the pedestrian-level
wind environment for these outdoor platforms, due to the “funneling effects” (Lawson
1975) between the towers and the large approaching wind speed. Therefore, it is very
necessary to study on the pedestrian-level wind environment, and to assess wind
comfort and wind danger of these outdoor platforms.

Fig. 1 Effect drawing of the thousand-meter-scale megatall building
Assessment of the pedestrian-level wind comfort and wind danger at a particular
location requires the combination of statistical meteorological data, aerodynamic
information and a comfort criterion (Blocken 2004). Meteorological information
comprises long-term wind statistics from the meteorological stations in the open terrain.
Aerodynamic information is needed to transform the meteorological information from the
meteorological stations to the building site where wind environment is to be assessed.
Once this link is established providing us with the wind statistics at the location of
interest, the comfort criterion is used to judge local pedestrian-level wind comfort and
wind danger.
Traditionally the studies of wind environment around buildings are generally
performed in a Boundary Layer Wind Tunnel (BLWT) since it is the most
well-established way to simulate the natural wind. Many applications of using a BLWT to
study the pedestrian-level wind environment, in the street canyons around tall buildings
(Wu 1994, Soligo 1998, Tsang 2012) or in complex urban environments (Williams 1992,
Youssef 1998, Mohan 2012, Kuo 2015), have been reported during the past few
decades and it has already become a common practice, particularly when the accurate
wind characteristics are crucial to the design of buildings and structures.
In addition to the wind tunnel tests, the techniques of Computational Fluid Dynamics
(CFD) have also been increasingly exploited by academic researchers and industrial
practitioners in various ways. In recent years, with the development of computer
hardware, and the progress of computational methods, CFD simulations have
increasingly been used to study on the pedestrian-level wind environment. In 2004,
Blocken et.al. (Blocken 2004) assessed the pedestrian-level wind environment in the
passages of the Silvertop Towers to be highly unfavorable, and designed an automatic
control system to provide a satisfactory solution. In 2007, Zhang et.al. (Zhang 2007)
pointed out that wind speeds were significantly accelerated around the corners of
upstream building or in the passages of two buildings, and vortex shedding was also
very intense, so the pedestrian-level wind environment in these areas were considered
to be unsafe. For the previous CFD simulations, nearly all the researches are conducted
using the steady Reynolds-averaged Navier–Stokes (RANS) approach (Stathopoulos
1996, Richards 2002, Blocken 2004, Hu 2005, Kubota 2008, Bady 2011), and the
numerical results are often compared to the experimental results of the same building

model for validation. However, owing to the restraint of blockage ratio of the wind tunnel,
and the difficulty of making a completely same building model, wind tunnel tests of a
sub-configuration are conducted in a few studies to validate the CFD simulations
(Livesey 1993, Blocken 2004). This refers to performing validation for simpler generic
building configurations that represent sub-configurations of the more complex urban
configuration. The confidence extracted from this validation can be used to support the
application of CFD simulations with similar computational parameters for the more
complex urban configuration.
In the present paper, characteristics of the pedestrian-level wind environment on
outdoor platforms of the thousand-meter-scale megatall building are studied via the
combination of CFD simulations and wind environmental experiment. For the wind
environmental experiment, a three-platform sectional model of the megatall building (the
sub-configuration) is employed as the experimental model, considering the restraint of
blockage ratio of atmospheric boundary-layer (ABL) wind tunnel, together with the
requirement of enough measuring points. The experimental results are employed to
validate the CFD simulation methods. And then, comparisons of the pedestrian-level
wind environment for both the sub-configuration and the full model of the megatall
building are implemented via the CFD simulations, and an adjustment coefficient for the
wind speed amplification factors between these two models is acquired, so as to
establish the link of wind speeds between the sub-configuration in the wind
environmental experiment and the real megatall building. Based on this study, a further
understanding of wind environment study is achieved for complicated megatall
structures via combination of the sub-configuration experiment and the full model
simulations, which can acquire exact pedestrian-level wind environment to be employed
in wind comfort assessment.
2. CFD SIMULATION METHODS
The CFD simulations are to be used in this paper to resolve the following problems:
(1) To compare with the experimental data to validate the CFD simulation methods,
so as to improve the reliability and feasibility of the CFD simulations on the
pedestrian-level wind environment of buildings.
(2) To determine an adjustment coefficient for the wind speeds of the
sub-configuration and a full model of the megatall building, so as to assess the
pedestrian-level wind comfort and wind danger of the megatall building based on the
sub-configuration experiment.
2.1 Computational model and computational domain
The computational models include a sub-configuration and a full model, and their
length scales are set as 1/300 and 1/1, respectively.
As CFD simulation of the sub-configuration is used for validation of the CFD methods,
the dimensions of the computational model are set to be the same as the experimental
model in section 3.1, see Fig. 2.

Fig. 2 Dimensions of the sub-configuration in the vertical (left) and horizontal (right)
direction
As is shown in Fig. 2, the distance between every two platforms is 334 mm,
corresponds to 100 m for the real building, and the distance from the Platform 1 to the
ground is elongated to 525 mm to avoid the disturbance caused by the ground in wind
tunnel. The total height of the sub-configuration is 1360 mm. As the taper ratio of the
thousand-meter-scale megatall building is only 1%, the cross-sections of the peripheral
elliptic towers are simplified to be the same along the height for convenience. Three
pieces of wind shields, with a height of 10 mm, a length of 425 mm and a thickness of 2
mm, are placed on exterior edge of every platform. Besides, the diameter of the central
circular tower is 80 mm, and the equivalent width of the experimental model is close to
500 mm.
In order to make the model be easily constructed, and to acquire better grid quality for
the computational domain, there are some necessary simplifications of the prototype
building are implemented in the process of modelling, especially for the configurations
near the ground and at top of the full model (see the zones below the Platform 1 and
above the Platform 10 in Fig. 3)). However, it should be noted that, the approaching
wind speed below the gradient wind height (350 m) is gradually increased with
increment of the height, and there are usually significant three-dimensional flows at top
of the full model, so the pedestrian-level wind speeds on the Platform 1 and the Platform
10 are thought to be less than that on other platforms. So the above simplifications are
reasonable, and thus only characteristics of the pedestrian wind environment on the
Platform 2 to the Platform 9 are studied.
The total height of the full model is 1050 m, and the distance between any two
outdoor platforms is 100 m, where the height of each platform is 15 m. Three pieces of
wind shields, with a height of 3 m, a length of 127.5 m and a thickness of 0.6 m, are
placed on exterior edge of every platform.

Fig. 3 Dimensions of the full model
The computational domains for the sub-configuration simulation and the full model
simulation are determined by the recommendations in the Best Practice Guidelines for
the CFD simulation of flows in the urban environment (Franke 2007) and the AIJ
guidelines (Tominaga 2008).
The computational domains for the sub-configuration simulation are determined to be
part of the wind tunnel (Franke 2007, Tominaga 2008), i.e. 4.0 m in width, 3.0 m in
height. Besides, the longitudinal extension of the computational domain, with a length of
27 m (7 m or 5.1H ahead the computational model, and 20 m or 14.7H behind it) in the
flow direction, also satisfy the recommendations in the COST (Franke 2007) and the AIJ
guidelines (Tominaga 2008). The blockage ratio of the computational domain is 5.67%,
which is same to the experiment. The total number of grids is 3.37 million.
For the full model, the dimensions of its computational domain are 5250 m in width,
6300 m in height, and 21000 m in length, with 5250 m ahead and 15750 m behind the
computational model. So the vertical distance between the top boundary and the roof of
the computational model is 5250 m or 5H, and the lateral distance between the side
boundary and the sidewall of the computational model is 2550 m or 2.4H. The distance
between the inlet or outlet boundary and the computational model is 5250 m (i.e. 5H) or
15750 m (i.e. 15H). The blockage ratio of the computational domain is 0.48%, and the
total number of grids is 4.91 million.
As the appearances of the sub-configuration and the full model are both very complex,
the hybrid grids are used to discretize the computational domains, as is shown in Fig. 4.
The building model is nested in a rectangular cylinder with the dimensions of about 0.8H
in width, 0.8H in length, and 1.5H in height. For zones in the nesting rectangular cylinder,
an unstructured grid is generated, while for zones outside the nesting rectangular
cylinder, the structured grid is applied. This arrangement makes it easier to generate a
grid fine enough in the neighborhood of the building surfaces while keeping the grid in
zones far away from the building surfaces unchanged. Furthermore, the grids near the
wall surface of the outdoor platforms are locally refined using the boundary layer grids

with a minimum size of 2 mm for the sub-configuration and 0.6 m for the full model, so
there are approximate 3 layers of grids below the pedestrian-level height (6.7 mm for the
sub-configuration and 2.0 m for the full model).

Fig. 4 Grid arrangement of the computational domain for the sub-configuration
(left) and the full model (right)
It should be noted that the grid independence check for both the sub-configuration
and the full model have been conducted in this paper. For the sub-configuration, three
sets of grid systems are used to ensure the grids adopted are fine enough to acquire the
exact numerical results. The minimum grid size of the grid systems is 1 mm, 2 mm and 4
mm, and the corresponding total number of grids is 5.57 million, 3.37 million and 1.56
million, respectively. Comparisons of the dimensionless grid size y+ (see Fig. 5) and the
wind speed amplification factor Ri (see Fig. 6) between the coarse grid/fine grid system
and the basic grid system are conducted, and the results show that the basic grid (2 mm)
is suitable for the CFD simulations based on the comprehensive consideration on the
computational accuracy and the computational cost. Similarly, the minimum grid size
and the total number of grids for the full model are also determined by the grid
independence check.
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Fig. 5 Comparison of the y+ for different grid systems for the sub-configuration
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Fig. 6 Comparison of the mean wind speed amplification factor Ri between coarse
grid/ fine grid and basic grid
2.2 Boundary conditions
For the sub-configuration, the velocity-inlet boundary condition is employed as the
inlet condition of the computational domain, and it should match the wind environment
experiment, so as to make the validation more reasonable. So the measured mean wind
speed profile and turbulence intensity profile in the experiment (see Fig. 8) are
employed.
The turbulent kinetic energy k(z) and its dissipation rate ε(z) for CFD simulations of
the sub-configuration can be expressed by the empirical formulae (Tu 2008, Zheng
2012)):
k ( z)  1.5[ Iu ( z) U ( z)]2

(1)

 ( z )  0.093 4 k ( z )3 2 / l

(2)

Where, the turbulence length l is set to be 0.07 times of the characteristic scale L of the
computational model (L=H=1360 mm for the sub-configuration).
The above mean wind speed profile, turbulent intensity profile, turbulent kinetic
energy k(z) and its dissipation rate ε(z) are programmed by the UDF (User Defined
Function) in FLUENT 6.3.
The outflow boundary condition with the turbulence fully developed is used for the
outlet condition of the computational domain, and the no-slip wall boundary condition is
used for other surfaces of the computational domain to simulate the wall boundary in the
wind environment experiment. For the computational model, the boundary conditions
are set as the no-slip wall boundary condition.
For the full model, the velocity-inlet boundary condition is also employed as the inlet
condition of the computational domain. The mean wind speed profile below the gradient
wind height zG=350 m can be determined by the power-law for the exposure category of
B in “Chinese Load Code” (GB50009-2012, 2012), while the mean wind speed above
the gradient wind height is regarded as a constant, with the same value as that at the
gradient wind height. Expression of the mean wind speed profile is as follows:

 U10  z /10 
U ( z)  

U10  zG /10 

z  zG

(3)

z  zG

Where, U10=34.64 m/s is the basic wind speed with the mean recurrence interval of
100-year at height of 10 m, and z is the height above the ground. α is the power-law
exponent of the mean wind speed profile, with a value of 0.15 for the exposure category
of B in “Chinese Load Code” (GB50009-2012, 2012). Therefore, the mean wind speed
at the gradient wind height is 59.05 m/s.
The turbulent kinetic energy k(z) and its dissipation rate ε(z) for the full model can also
be expressed by the Formulae (2) and (3), where the characteristic scale is L=H=1050
m, and the turbulence intensity profile can be expressed as follows:
 I10 ( z /10) 
I u (z)  

 I10  zG /10 

z  zG
z  zG

(4)

Where, I10 is set as 0.14 for the exposure category of B in “Chinese Load Code”.
The outflow boundary condition is also used for the outlet condition of the full model’s
computational domain, and the symmetry boundary condition is adopted to simulate the
zero-shear slip walls for the side and top surfaces of the computational domain. Besides,
the no-slip wall boundary condition is used for bottom surface of the computational
domain, and surfaces of the computational model.
2.3 Solution strategies
Characteristics of the pedestrian-level wind environment can be acquired by solving
the 3D incompressible governing equations, and the steady RANS method with the
turbulence model of Realizable k-ε model is employed. The Realizable k-ε model was
developed by Shih et.al. (Shih 1995), and it can provide superior performance for flows
involving the rotation, and the boundary layer flows under strong adverse pressure
gradients. More detailed information about the turbulence model can be found in (Shih
1995).
Discretization of the Reynolds-averaged continuity equation and Navier-Stokes
equations are accomplished by the commercial CFD code Fluent 6.3.26, using the
finite-volume method. Pressure-velocity decoupling of the discretized equations is
implemented by the SIMPLE algorithm, and second order upwind scheme and central
differencing scheme are used for discretization of the convective term and the diffusive
term, respectively. The non-equilibrium wall functions, which can take into account the
effects of pressure gradients, are employed to simulate the complex flows near the wall.
Convergence is obtained when the iterative residual errors of all variances in the
governing equations are less than 5×10-5, and wind speeds of the monitoring points are
stable.
For the sub-configuration simulation, the reference height is set to be zr=1360 mm,
ant the corresponding reference speed is set to be 13.5 m/s. For the full model, the
reference height is set to be zr=1050 m, ant the corresponding reference speed is set to
be 59.05 m/s.

3. Validation of the CFD simulations
The pedestrian-level wind environment on the outdoor platforms is significantly
influenced by the approaching wind speed. Therefore, the wind speed amplification
factor Ri=Ui /Ur is defined as ratio of the scalar wind speed Ui at point i to the
approaching wind speed Ur at the reference height, to discuss the influence of
aerodynamic information on the wind environment.
3.1 Setup of the wind environmental experiment
The experimental model is the same as the sub-configuration in section 2.1, as is
shown in Fig. 2. Fig. 3 shows the dimensions of the cross-section of the experimental
model, and numbering of 18 simplified wind speed probes above the Platform 2. The 18
probes are uniform placed above the Platform 2, with a minimum distance of 45 mm for
every two probes. Fig. 7 shows an on-site picture in wind tunnel.
A wooden grilling with outer steel bars (see Fig. 7) is used to simulate the uniform
turbulence, and after repeated tests, the blockage ratio of the wooden grilling is finally
determined to be 37.5%. The generated mean wind speed profile and turbulence
intensity profile are compared to the theoretical values (Ur=13.5 m/s and Iu=0.0821),
which are denoted as the dashed lines in Fig. 8. As is shown in the figure, the two
profiles are almost not changed above 0.6 m, indicating a very good agreement with the
theoretical values. So the inflow mean wind speed and turbulence intensity can provide
a uniform flow for the main experimental height of the sub-configuration (600 mm~1193
mm). In the experiment, instantaneous wind pressures acting on the simplified wind
speed probes are measured using a DSM3400 pressure scanner system, with a
sampling frequency of 625 Hz and a measurement time of 60 s.
Considering the axis symmetry of the experimental model, the wind direction is set to
be 0o~60o, and has an interval of 15o, as is shown in Fig. 2.

Fig. 7 An on-site picture of the experimental model in wind tunnel
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3.2 Comparison of experimental data and CFD simulation results
Fig. 9 shows comparisons of the pedestrian-level wind speed amplification factor Ri of
the 18 wind speed measuring points of the sub-configuration, acquired by the CFD
simulations and the corresponding experimental data, to validate the CFD simulations.
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Fig. 9 Comparisons of the Ri obtained from the wind environmental experiment and CFD
simulations under different wind directions of (a) 0°, (b) 15°, (c) 30°, (d) 45°, (e) 60°
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The results show that there are significant “funneling effects” in the passageways of
two adjacent towers, i.e. the wind speed is accelerated, and the maximum Ri is from
1.25 (for probe 7# under 60o wind direction) to 1.49 (for probe 13# under 15o wind
direction) under different wind directions. Besides, there are also obvious “shielding
effects” on the Platform 2, i.e. the wind speed is decelerated for probe 10# behind the
wind shields, and for probe 1# and probe 18# behind tower 4 under 0 o wind direction,
and also for probe 4# and probes 12#~14# behind tower 2 under 60o wind direction.
Furthermore, the CFD results agree well with the experimental data both in the whole
distributions and in the values of the pedestrian-level Ri, though there are some
discrepancies for individual measuring points located at the passageways of two
adjacent towers (e.g. probes 12#~14# under 30o wind direction), or behind the towers
(e.g. probes 11#, 12#, 14#, and 15# behind the Tower 3 under 60o wind direction). For
the experimental Ri larger than 1.0 (to focus on the wind speed accelerated zones), a
maximum discrepancy of 26.6% is acquired for the probe 13# under 30 o wind direction,
while for the experimental Ri larger than 0.5 (the Ri less than 0.5 are neglected to
eliminate the influence of large discrepancies due to the small dividend), an average
discrepancy of 13.7% is acquired for the probes under 30 o wind direction. The reason
for the discrepancies can be attributed to the defect of the RANS method to simulate
separation and wake flows around the bluff bodies, especially for the complex
configurations.
On the whole, the CFD results have a good accuracy, and the CFD methods are thus
validated by the above comparisons, so the feasibility and credibility of using the CFD
simulations to establish the link of wind speed amplification factor Ri between the
sub-configuration and the full model in section 4 are illustrated.
4. Link of the sub-configuration and the full model
Characteristics of the wind environment of the full model are studied via the CFD
simulations in this section. Fig. 10 shows distributions of the pedestrian-level Ri of 18
wind speed measuring points on the Platform 2 to Platform 9 of the full model under the
wind direction of 0o.
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Fig. 10 Distributions of the Ri on each platform of the full model
The results show that distributions of the pedestrian-level Ri are almost the same for
the Platform 2 to Platform 9, and the values of the Ri on the Platform 4 are the largest on
the whole, while the values of the Ri on the Platform 8 and the Platform 9 are relatively
small. Therefore, special attentions should be paid to the wind environment on the
Platform 4, and some necessary measures should be taken to improve the wind
environment quality, if there is a wind discomfort or danger issue.
To determine the most unfavorable outdoor platform of the full model with the poorest
wind environment, and to establish the link of the pedestrian-level Ri between the
sub-configuration and the full model, the quartiles method in descriptive statistics of the
Ri is employed. As the tetrahedral unstructured grids are employed in the nested
rectangular cylinder for the CFD simulations of the two models, the coordinates of grid
nodes on the pedestrian-level plane of each platform are not consistent, so the
pedestrian-level Ri on all the platforms can’t be directly compared with each other.
Therefore, a unified grid system with a total number of grids of 2365 (i.e. the number of
the pedestrian-level Ri being analyzed by the quartiles method) is used. Then the
pedestrian-level Ri on the Platform 2 of the sub-configuration and each platform of the
full model are interpolated to the unified grid system for comparison using the
triangulation with linear interpolation (TLI) method.
The three quartiles (i.e. the first quartile x0.25, the second quartile x0.5, and the third
quartile x0.75) and the maximum pedestrian-level Ri on each platform of the full model
and the Platform 2 of the sub-configuration are compared in Fig. 11.
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Fig. 11 Box plot of the pedestrian-level Ri on the outdoor platforms of two models
The results show that the quartiles of the Ri on the Platform 4 are largest of all
platforms of the full model, demonstrating that the pedestrian-level wind environment on
the Platform 4 is the most unfavorable once more. Compared to the Platform 4 of the full
model, the quartiles of the Ri on the Platform 2 of the sub-configuration are smaller for
the largest 50% of the Ri, indicating that the Ri are underestimated by the
sub-configuration. Therefore, an adjustment coefficient for the pedestrian-level Ri
should be introduced, so that the Ri acquired by the wind environment experiment can
be used for assessment of the pedestrian-level wind comfort and wind danger.
An adjustment coefficient CR is defined as the ratio of the Ri on the Platform 4 of the
full model and that on the Platform 2 of the sub-configuration. Fig. 12 shows the CR
varies with the pedestrian-level Ri of the sub-configuration. The results show that the
variance of the CR is very large (from 0.07 to 7.0) for the pedestrian-level Ri less than 1.0,
and when the Ri are larger than 1.0, the CR are gradually to be a constant. Considering
the wind discomfort and danger are mainly caused by high wind speeds, the Ri larger
than 1.0 is retained to calculate the average value of the CR.
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Fig. 12 Adjustment coefficient CR for the wind speed amplification factor Ri
Based on the above statements, the average value of the CR is determined to be 1.1,
and the Ri acquired by the wind environment experiment should be multiplied by the CR
so as to be used in the wind comfort assessment. Therefore, the link of the
pedestrian-level Ri between the sub-configuration and the full model is established.
5. Conclusions
In this paper, the pedestrian-level wind environment on the outdoor platforms of a
thousand-meter-scale megatall building is studied via the combination of wind tunnel
tests and CFD simulations.
The pedestrian-level wind speed amplification factor Ri on the Platform 2 of the
sub-configuration acquired by the CFD simulations agree well with the experimental
data both in the whole distribution tendency and in the values, so feasibility and
credibility of the CFD simulations are validated. Based on the validation, the most
unfavorable outdoor platform of the full model with the poorest wind environment is
studied via the CFD simulations, and it is determined to be the Platform 4 using the
quartiles method in descriptive statistics of the Ri. Besides, an averaged adjustment
coefficient CR=1.1 for the Ri is introduced to establish the link of the sub-configuration
and the full model, so the Ri for the real megatall building can be calculated by
multiplying the experimental data and the above adjustment coefficient CR, which can be
employed for assessment of the pedestrian-level wind comfort and wind danger of the
thousand-meter-scale megatall building.
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