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ABSTRACT

Aims: On this work, a methodology that solves the fluid-structure interaction problem through load
transmission method approach is presented. This methodology is applicable to any building’s
geometry, nevertheless, in order to develop a solution, it was proposed a building with a geometry
not considered in design codes of structures under wind pressures. In order to compare the results
of this methodology a tall building model widely studied by different authors is also analysed.

Place and Duration of Study: Graduate Engineering Department, Universidad Autonoma de
Queretaro, Queretaro, Mexico. January 2017 to October 2018.

Methodology: First of all, two computational fluid mechanics models were developed in order to
obtain the pressures of the wind around the two buildings proposed in a dynamic way. Later, the
obtained dynamic pressures were transferred according to the load transfer method on the
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Structural Mechanical Building model through time-history analysis solved by means of a direct
integration method to obtain the dynamic aeroelastic response of the structures.

Results: The dynamic aeroelastic response for both models is obtained.

Conclusion: This methodology does not present any restriction in the model’s geometry and leads
to analyse important aspects for the structural analysis such as state of stress of the structural
elements and structure displacements, accordingly, the method is suitable for structures under wind
pressures that are not considered in the codes. The results obtained through this methodology
present a good approach to those obtained by means of fluid structure-interaction models.

Keywords: Aeroelastic analysis; load transfer method; fluid-structure interaction; computational fluid

mechanics; dynamic analysis.
1. INTRODUCTION

The wind behaves in a dynamical way both in
time and in the space, such a behaviour can only
be described as random due to such complexity
[1]. The different responses due to the relation
between wind pressures and structures are
essential in the building design, particularly in
high-rise buildings [2]. The effects generated by
wind pressures on structures lead to serious
consequences, even tragic events depending on
the presented conditions.

The dynamic response of a structure under wind
loads depends mainly on these three factors [3]:
direction of the wind, physics and aerodynamics
properties of the structure and the combined
effect of the wind and building properties.
Besides, the environment surrounding the
building should be considered [4]. The common
practice to model wind pressures proposed by
the construction design codes is simply to apply
the loads in a static way through few pressure
coefficients, ignoring the dynamic behaviour of
the wind [2].

Nowadays, structures with particular
aerodynamic problems have found a numerical
solution with the development of the
Computational Fluid Dynamic (CFD), which
solves the Navier-Stokes equations for not
compressive fluids, dealing with the solid
(structure) as an obstacle in the direction of the
fluid, since the solid is considered rigid, whereby,
it does not present displacements due to the
wind pressure. Through this technic, dynamic
wind pressures on the surface of the building can
be obtained, besides, wind velocities, even, the
vortices around the solid can be observed. For a
good understanding of the beginning of the CFD
in building technology, see references [5,6,7]. At
the present time, the Computational Wind
Engineering (CWE) as a branch of the CFD
specialised in wind problems have advanced

exponentially, nowadays, it is used by
researchers and engineers all over the world [8].
Recent examples of the application of the CWE
might be seen in references [4,9,10,11].

A step forward in the analysis of structures under
wind pressures with particular aerodynamic
characteristics was presented with the
development of the Fluid-Structure Interaction
(FSI) analysis. FSI is considered a multiphysic
problem, since two domains are in consideration:
fluid domain and solid domain. Also, the solution
requires a specific condition to control the
interface of the domains [12], for which a non-
linear boundary condition for the fluid movement
is needed, situation that complicates the problem
[13]. In addition, FSI problems demand great
computational capacity. FSI could be seen in a
great variety of physical problems that go from
engineering problems, such as high-rise
buildings and long-span bridges, and biological
issues as the function of the human lungs [14].

Commonly, FSI problems can be summarised as
following: the fluid exerts pressure on the surface
of the building, then, the pressure deforms the
structure which in turn changes the dynamic of
the fluid, over and over. This interaction between
the domains implies that in order to model the
mesh of the fluid through dynamic methods the
fluid equations should adapt to those effects and
to the boundary conditions.

FSI applications on buildings are shown in the
work presented by Péntek et al. [15], in which
based on the Commonwealth Advisory
Aeronautical Council Standard (CAARC) a tall
building model was tested using FSI for different
types of added mass dampers using fully
coupled FSI procedure. Another example of the
analysis of the CAARC model using a fully
coupled FSI procedure was performed by Braun
and Awruch [16] whose purpose was to study the
aeroelastic performance of the model. The model
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was tested for different wind velocities and the
results were compared to reduced scale wind
tunnel test with good approximations in the
results. In Horta-Rangel et al. [17] a fully coupled
FSI model was proposed for an irregular medium
height building model, and the obtained results
were compared to reduced wind tunnel test,
obtaining moderate  differences  between
numerical model and experimental model. While
Huang et al. [18] proved the simulation of a
combined methodology for models suitable for
relative coarse grid situations and simulation of
high Reynolds number flows, with the purpose of
obtaining a methodology with a great capacity for
fully coupled FSI procedure for high rise
buildings. In Huang et al. [18] the CAARC
building model was tested, besides a full-scale
Taipei high-rise model. The results for both
models shown a good agreement with the
experimental data. Other types of structures
besides buildings have also been analysed. A
90 m steel chimney was analysed using a
simplified FSI approach in Belver et al. [19]. The
approach here, has consisted in the calculation
of the forces in 2D fluid planes based in the CFD
theory combined with the proposed structural
mechanical model.

This research effort is focused in the analysis of
the aeroelastic effects of an atypical geometry
building by means the load transmission method,
through the CFD, by applying the dynamic
results obtained with CFD to a flexible model
equivalent to the rigid model. This FSI approach
is also known as one-way coupling. Hence, fluid
domain and solid domain are not solved at the
same time (two-way coupling), but in an
independent way, totally ignoring the coupling of
the equations. This is possible under the
foundation of which the displacements on a
medium-rise-building should be moderated, thus,
the movement of the building do not modify the
flow of the fluid significantly [15]. In order to test
the capability of this methodology to approximate
the results obtained through FSI method, the
CAARC tall building model was tested. The
results obtained on this work are compared to
the results presented by Braun and Awruch [16].

2. MATERIALS AND METHODS

2.1 Numerical Model to Simulate Wind

Flows

The CFD is basically a simulation based in
numerical models used to predict the dynamic of
the flow by solving the movement equations of

the modeled fluid as a set of points. The fluid
flow is idealised through governing equations
obtained from momentum, mass and energy
balances over the spatial domain. In CWE wind
flow can be summarised in the following points
[16]:

e Wind streams are proposed within the
incompressible flow rage.

e Wind streams are proposed within the
turbulent flow range.

e The wind is idealised to be in an isothermal
process (temperature is always constant).

e In the fluid field the gravity force is
neglected.

e The airis idealised as a Newtonian fluid.

The governing equations are the
incompressibility condition (1), and the Navier-
Stokes equations (2), [20]:

divv =0, (1)
polv' + (grad v)v| = uAv — gradm + b, (2)

Where v, m, p,. 4 and b represent the velocity,
the pressure, the density, the viscosity and the
body forces, respectively. While grad is the
gradient operator, A is the Laplacian operator
and v denote the velocity derivative in time.

Model

2.2 Numerical FOR Structural

Dynamics

A numerical model to simulate the dynamic of a
building present the following characteristics [16]:

e The material used to model the structure is
linear elastic.

e There is not heat exchange during the
process of energy equilibrium (isothermal
process).

e Large displacements may occur in the
structure; thus, a geometrical nonlinear
approach may be necessary in order to

describe the mechanical equilibrium
correctly.
The momentum equations, the mass
conservation principle and the material

constitutive law, are the governing equations for
the structural motion analysis [16]. The equation
of movement for a multiple degrees of freedom
system is given by equation (3), [21]. Equation
(3) is basically obtained from the governing
equations previously mentioned, considering a
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Lagrangean formulation that is expressed in the
finite element context [16].

[M]{i1} + [Cl{u} + [K]{u} = P(D). ©)

Where [M], [C] y [K] are the mass matrix,
damping matrix and stiffness matrix respectively.
While {u} is the displacement vector, {u} the
velocity vector, {ii} the acceleration vector and
P(t) are the external forces in time.

2.3 Direct Integration Methods

Direct integration methods are used to solve
initial value problems through step-by-step
integration in time. Therefore, the displacements,
u, and the velocities 1, are assumed as known
in a given time, t = 0. The period of time in which
the result is sought is divided in time increments,
and the direct integration method is solved
approaching the solution for every time step.
Examples of this kind of analysis are reviewed in
this work. Detailed information about the
reviewed method is presented in Horta-Rangel et
al. [17].

2.3.1 Newmark method

In 1950 N. M. Newmark developed a group of
time-step methods based on the following
equations:

Upyr = U+ At[yilng + (1 —p)ily], (4)
Ungr =ty + Aty + 25 [2Bilngy + (1= 28)iL),  (5)

Where y and p defined the variation of
acceleration during a time step and determined
the characteristics of stability and stability of the

method. Usually, y=% . Wwhile %Sﬁ S% .
Equations (4) and (5) combined with equation
(3), at the end of the time step is the basis to
compute u;,q, U; Y 44 in time i + 1 from wu;, w;
and ii; known in time i.

2.3.2 Hilbert-Hughes-Taylor

This is an implicit method that can handle
numerical damping, without degrading the order
of accuracy. This method is convenient because
introducing Rayleigh proportional damping in the
Newmark method mostly damps just the middle
modes, and barely affects the higher and lower
modes. These limitations can be overcome by
introducing algorithmic damping in the Newmark

method by assigning y with a value larger than
0.5. The problem about this solution is a
reduction in the accuracy. In the Hilbert-Hughes-
Taylor method the approximation of the
Newmark method, shown in the equation (4) and
equation (5), are used.

2.3.3 Wilson method

Information about this method was extracted
from Meruane [22]. In the Wilson method a linear
variation of the acceleration is assumed between
a time step t and t+ 6At, where 6 >1 .
Assuming 6 = 1, the method is reduced to a
linear acceleration scheme. But, in order to
ensure unconditional stability is necessary to use
6 >1.37,usually 6 = 1.4.

where

Assuming T is the time increment,

0 < 7 < 6At then:
it + 1) = ii(t) + i(u(t + 0At) — (). (6)

From equation (6), the solution for
displacements, velocity and acceleration can be
obtained.

u(t + 0At) = u(t) + 0Atu(t) + #(u(t + 0At) + 2i(D)), (7)

a(t + 08t) = = (u(t + 648) —u(®)) — 2i(t) - S-i(e),  (8)

(u(t + 0A8) —u(t)) — —=u(r) - 2ii(r), (9)

. 6
i(t + 6At) = P oa

2.4 Methodology

A fluid-structure analysis approach is presented
in this work. Two models are analysed, one is the
tall building CAARC model, (Commonwealth
Advisory Aeronautical Council standard), and the
other is a fictitious building whose geometry is
not very common, in such a way that it is not
considered in the building design codes under
wind pressures. The principal reason to test the
first model is to have a comparation point (since
it has been widely tested) to analyse the
competence of this methodology; for this model,
only an elastoplastic analysis was done. In the
other hand, the atypical geometry building is
tested to prove that this methodology can
overcome the deficiencies presented in the
current building design codes under wind
pressures both in geometry and in dynamic
performance: for this model, an aeroelastic
analysis were executed.
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2.4.1 Fluid flow solution

In order to perform the proposed analysis,
first of all,b, a CFD analysis should be
performed. In order to complete that task, the
“Autodesk Robot Structural Analysis Professional
Software” were used to analyse the dynamic
pressures on the surfaces of the models. For the
aerodynamic analysis, “Autodesk Flow Design”
were used. Both programs use the numerical
technique for the flow analysis known as large
eddy simulation (LES) type approach using a
finite volume method (FVM) and a transient,
incompressible fluid flow solver (flow design
solver). For a brief explanation of the programs
used to perform the fluid analysis refer to
Autodesk [23,24]. The flow mesh is an important
aspect to obtain the correct results in a
CFD analysis. Even with the great advance
in the CFD technology, the correct size of the
mesh is unknown, most of the researches
propose the mesh based on their personal
experiences [25]. For practical guidance for
mesh size see Zhang and Yu [26], Stephen [27].
In the chosen program for the fluid analysis, the
mesh size is done automatically by the program.
Once the model is running correctly, the
pressures on the surfaces should be registered
for every specific surface area. Every section of
the surface’s model was partitioned and carefully
named.

2.4.2 Structural dynamic solution

With the dynamic pressure correctly registered
and organised, the elastic model was prepared in
the structural analysis and design program “Sap
2000” for both proposed models. See Dgrheim
[28] for detail information about direct integration
through SAP 2000. Every node of the structural
model is named, and the registered pressures for
that specific area in which the load is located was
assigned. For the variation in time of the loads,
and specific function for every node that defines
the change in amount of pressure were
assigned, in such a way that all the functions
work at the same time varying the loads and
generating the solution for specific time steps.
Sap 2000 uses Newmark method to perform the

. . . . . 1
non-linear analysis with coefficients y = 2 and

[2=%. From this analysis, the dynamic

displacements of the structure and the dynamic
state of stresses of the elements that compose
the structure are obtained.

2.5 Properties of the CAARC Model

The CAARC model was proposed for the first
time in 1970 [16]. The original purpose of the
CAARC building model was to run experiments
in a reduced scale wind tunnel. With the pass of
the years, the CAARC model became a model
used to calibrate wind tunnels all around the
world. Two CAARC models were proposed, one
is very simple as a benchmark model, it is called
‘Building B’, and there is a more complex model
named ‘Building A’ [16]. For the purposes of this
investigation, only the Building B is tested. The
dimension of the CAARC model are presented
below:

180m

AN P

Fig. 1. Dimensions of the CAARC model

As shown in Fig. 1, the building is 180 m high,
the cross section is rectangular, with horizontal
section of 45 m by 30 m. In regard to the
structural dynamic part, the mass and stiffness
properties were proposed constant in the whole
structure. The density is taken as 160 kg/m? with
an elasticity modulus of 2.867e8N/m?, the first
eigenfrequency according to the dynamic
properties is equal to 0.2 Hz (5 s) [16]. The
CAARC building can be modeled simply as a
cantilever beam. For this work, the CAARC
model was modeled with block solid elements
with the geometry presented in Fig. 2, and the
mechanical properties previously described. The
model is fixed on its supports.

For the finite volume mesh, it is important to
remark that as it was explained before, the mesh
is generated by the program itself, but, the size
of the “virtual wind tunnel” (space occupied by
the mesh of the fluid) can be modified. The
dimensions for the virtual and its position
regarding to the CAARC model are presented in
Fig. 3.
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.a) b)

Fig. 2. a) CAARC model in Sap 2000 b)
geometry of the solid elements that conform
the model

/</ >
180m
<\% |
%

Fig. 3. Virtual wind tunnel of the CAARC
model

As might be seen in the Fig. 3 the wind direction
is also indicated. The dimensions of the virtual
wind tunnel correspond to the following
parameters:

Width: five times the width of the building.

e Long: two times in the front of the building
and four times behind the building
(considering de wind direction).

¢ Height: two time the height of the building.

The wind properties that were used for the
CAARC model test are same utilised in [16], so
the result may be compared to the results of this
authors’ article; even though, the authors

performed several analyses for different wind
velocities, only the analysis with a reduction
factor of the wind velocity of 4 (36 m/s on the top
of the building) were performed in this research
work.

On the ground, the wind velocity slows down due
to the obstacles and the ground roughness. Very
above ground in layers of undisturbed wind air
(around 5 km.), the wind is no longer influenced
by the ground conditions. Between these two
layers, the wind velocity changes with height.
This effect can be approximate with a logarithmic
profile.

The wind velocity profile for this analysis is
presented in Fig. 4.

As might be seen in Fig. 4, the height of the
virtual wind tunnel is the height of the wind
velocity profile. It is important to note that the
great height of the CAARC building could present
great displacements, so, it might not be
appropriated for a one-way coupling fluid-
structure interaction model as the presented in
this work, that is the reason why the wind velocity
is moderate, in order to present small
displacements that could not modify the dynamic
of the wind importantly. The air density (p) is
1.20 kg/m? and the kinematic viscosity (v) for air
is 15.11 e -6 m?/s. These parameters are
considered constant over the height of the
building. The Reynolds number is computed on
the free stream velocity at reference height (36
m/s) with the use of the following equation:

Re =" = 1.07e8. (10)
Where R, is the Reynolds number, B is the width
of the building model, and v,.; denotes the
reference velocity.

2.6 Atypical Geometry Building

The proposed building for this research work is
composed by steel fames with 15 stories (4
meters between every story). The frames support
slabs of 0.12 m of thickness as floor system. The
building’s geometry is proposed in disagreement
with the geometries regulated by design codes
for buildings under wind loads in such a way that
an exhaustive wind pressure analysis was
necessary (Fig. 5). The building is all covered in
glass on the facades, so the fluid (wind) cannot
enter into the building.
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Fig. 4. Wind velocity profile for the CAARC model

Windows
I Concrete slabs

s ee! frames

Fig. 5. Finite element model for the atypical geometry building

Table 1. Building geometry regarding the height

Floors Height (m) Length (m) Width (m) Area (m?)
First to fifth 0-20 25 30 750
Sixth to ninth 20-36 15 20 300
Tenth to twelfth 36-48 15 20 285
Thirteenth to fourteenth 48-60 10 10 100

The dimensions of the stories vary with the
height of the building as presented in Table 1.

The building is relatively tall and slender,
since structures with this characteristic are
particularly sensible to the effects generated by
vortices around. The model is fixed on its
supports.

In order to model the structure as a flexible
model, two types of finite elements were used:

e Beam elements with 12 degrees of
freedom (six degrees of freedom per node)
used to model the frames.

e Plate elements with 24 degrees of freedom
(six degrees per node) used to model the
slabs and the wind on the facades.

For the structural model a static analysis was
developed to assign proper structural sections to
the beam and columns that form the frames in
order to obtain moderate displacements, since
large displacements might modify the dynamic of
the fluid, situation not considered in this research
effort. For the beam sections, the commercial
structural profile W12x22. For the column
sections, the structural profile proposed is HSS
16x16x1/2. Both profiles are made of structural
steel grade 50, therefore: yield stress is equal to
344,703,747.5 n/m?, and modulus of elasticity
equal to 199,947,973,176.35 n/m?, and mass per
unit volume of 7,849 kg/m3. The concrete used in
the slabs has a modulus of elasticity equal to
24,855,542,824 n/m?, compressive strength
equal to 27,458,620 n/m? and mass per unit
volume of 2,400 kg/m?3.
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The wind characteristics were selected to be as
critical as possible for the structure. The wind
characteristics of the Mexican port city “Puerto
Vallarta” were chosen due to the high regional
velocity presented in the area of 160 km/h,
according to the Mexican code [29] and its
low location in relation to the sea level (15 m).
Also, the surface roughness is negligible
(terrain category of 1), making this location
critical in terms of building design under wind
pressures.

The Mexican code proposed the following
equation (6), in order to obtain the basic wind
velocity of design:
Vp = FrF; V. (11)
Where F; depends on the local topography, F,,
depends on the section area of the structure and
Vx depends on the wind velocities records for the
selected region. The design velocity (66 m/s)
was used in order to simulate the wind tunnel.
The following equation was used to calculate the
wind velocity profile:

h.
InG2)

2 =

(12)

Uy
InGh)

Where V; is the wind velocity at the ground
(velocity of reference), V, is the velocity at height
h, and z, is the roughness factor (0.6 according
to the terrain category). In the Fig. 6, the wind
velocity profile is presented.

The Reynolds number for this model were

computed in the same way it was calculated for
the CAARC model. Re =2.18¢8 for the atypical

geometry building.

1(s)

3 (s)

1401

120+

1001

801

Height (m)

601

401

201

60 70 80 90 100110120130
Velocity (m/s)

Fig. 6. Wind velocity profile for the atypical
geometry building

The dimensions of the virtual wind tunnel used
for this model follow up the parameters
presented in the section 2.4, thus, the virtual
wind tunnel present the following dimensions:
width: 125 m, long: 210 m and height: 120 m.

2.6 Obtaining Pressures

The pressures are obtained through the CFD
analysis on the models as colored contours on
the facades that represent the mean pressure on
a specific area and time. For the CAARC model,
100 s of analysis were performed, while, for the
atypical geometry building, five seconds of
analysis were performed (Fig. 7).

As might be seen in Fig. 7, every color contour
represents a pressure in kg/m2. As time passes,
a specific area experiments variation in the color
contours.

i

4(s)

5 (s)

Fig. 7. Pressures on the structure in the 5 seconds considered
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Note that a figure for the wind pressure analysis
for the CAARC model is not presented, it is
because the analysis is so long that a lot of
pictures would be necessary, therefore, the
atypical geometry  building was  more
representative.

For the purpose of the registration of these
pressures in order to apply them to the flexible
models, an exhaustive database of the pressures
was accomplished by assigning it to the node
number that correspond to the area.

The nodes which pressures varies in time in the
same manner were grouped in the same set of
dynamic analysis. Several sets were proposed in
order to capture the dynamic pressure of the
CFD analysis and replicate them on the flexible
model in form of nodal forces.

3. RESULTS AND DISCUSSION

In this section, the aeroelastic response for the
both proposed models are presented.

3.1 Aeroelastic Response of the CAARC
Model

In the following figure (Fig. 8) the displacements
in the top of the CAARC model building for the
two principal directions are presented.

Note that results go fromt =25stot = 100s, it
is because the first 24 s are an initial ramp-up
used to gradually increase the inlet velocity. This
permit avoiding any shock effects early in the
simulation, which could present a negative effect
in the analysis. The results obtained are in good

concordance with the results presented in Braun
and Awruch [16], since the form of the graph is
very similar. Although, the amplitude obtained in
this work is slightly smaller than the amplitude
presented in the literature in the longitudinal axis.
The maximum displacement presented in Braun
and Awruch [16] fluctuates between 40 and 42
cm in comparation with the obtain maximum
amplitude between 28 and 26 cm. The authors
consider that the difference is not relevant if it is
considered that the building is 180 m height, and
also, the approach proposed by Braun and
Awruch [16] is fully-coupled model. Regarding to
the transversal response, the displacements
present good concordance.

3.2 Aeroelastic Response of the Atypical
Building Model

The displacements on the top of the structure are
presented in the following figures (Fig. 9 and
Fig. 10).

For a better understanding of the last two figures,
in the next figure (Fig. 11) the displacements are
plotted.

It might be seen from the past figures that the
longitudinal displacements are the largest as
expected, and the displacements behave in a
back and forth manner. The displacements
presented in the transversal axis are much
smaller. A remarkable aspect about the
displacements in the transversal axis is that the
movement in the building cross the neutral axis
in a back and forth movement, this means, that
the aeroelastic phenomenon known as “vortex
shedding” is occurring. This phenomenon is

30
= Transversal response
25 ; 4 Longitudinal response
gzo- i
£ 1]
[
£
3 10
S
&
8 5
0+
Y MR
25 35 45 55 65 75 85 95
Time (s)

Fig. 8. Displacements in CAARC model due to dynamic wind pressures
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0(s) 2(s)

3(s) 4(s) 5(s)

Fig. 9. Displacements in longitudinal axis in the model in time

1(s)

& Transversal response
4 Longitudinal response

Time (s)

Fig. 11. Displacements in the atypical geometry model due to the dynamic wind pressures

usual in tall and slender structures under wind
pressures, and commonly present vibration
effects in the transversal axis that can present
uncomfortable conditions for the occupants of the
building.

The state of stress of the elements that conform
the atypical building in time are presented in
Fig. 12.

Any state of stress (axial forces, shear forces,
torsional forces and bending moments) in time
could be display in the model, but, only the
bending moment in the vertical axis (“z") is
presented in Fig. 12 just for demonstration

purposes.

10

In order to observe the variation of the
state of stress due to dynamic wind pressures,
a column in the base of the building were
chosen to observe its bending moment in time,
because columns are the structural elements that
absorb most of the wind loading as bending
moments, but, any other kind of element could
have been chosen. In Fig. 13, the variation of the
bending moment can be seen for the 5 s of
analysis. It could be seen that the bending
moment can vary a lot from one second to the
following second, and, as seen in the
displacements, can even go back to a former
bending moment value.
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Fig. 12. Bending moment in “z” axis in time on the whole atypical geometry building model
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Fig. 13. Variation of the bending moments of one column on the base of the building in time

4. CONCLUSION

The proposed methodology in this work has
demonstrated its accuracy even for a tall building
with slightly difference in the results compared
with the results shown in the literature by using
full coupled FSI model. This methodology
presents no restrictions in the geometry of the
model, since a very irregular model have been
presented, and the results demonstrated to be
the expected according to the proposed wind
properties. Also, all the necessary structural
aspects for an optimal structural design can be
analysed through this methodology (state of
stresses of the structural elements and
displacements) in a dynamic way. Therefore, this
methodology covers all the aspects to simulate
real conditions, situation not totally cover by the
official codes for structural design under wind
loads. The methodology does not demand a
great computational power, instead, the
aeroelastic analysis does not require long
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computer time to finish once the pressures have
been properly assigned since it finishes in few
minutes even for long time analysis like the
presented for the CAARC model. Considering
that some reviewed methodologies can take
hours or even more than one day, this
methodology is efficient in time. For further
studies, the authors proposed to test the atypical
building model in a reduced scale wind tunnel in
order to corroborate the obtained data.
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