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Figure 6-14 Surface plot for the ANN model of the peak moment coefficient about x-
axis
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Figure 6-15 Mean wind field and Cp distribution for the (a) basic, (b) optimal 1; and (c)
optimal 2 building shapes
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6.5 Multi-objective optimization

This section investigates Problem (3), which is a multi-objective optimization problem that

aims to optimize both C m x and C w y simultaneously. Since no objective can be improved

without sacrificing the other objective, this requires the definition of the Pareto front, which
is the set of optimal solutions that shows the best trade-off between the objective functions.
Thus, providing a set of optimal shapes provide a better chance for architects to involve
adequacy and serviceability considerations in the selection of the outer shape of the
building. After running the optimization process for 500 generations it is found that the
spread of the solutions is almost constant for 200 generations. The Pareto front is chosen
to be defined using 18 candidates, as shown in Figure 6-16. The figure also shows the shape

and the design variables of four optimal shapes located on the Pareto front.
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Figure 6-16 Pareto front optimal shapes and the corresponding objective function
values
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6.6 Conclusions

The current study investigates the effect of introducing three vents to a standard tall
building called the Commonwealth Advisory Aeronautical Research Council (CAARC)
building. An aerodynamic optimization procedure is adopted, which couples the Genetic
Algorithm (GA), Large Eddy Simulation (LES) and Artificial Neural Network (ANN)
models. The ANN model is utilized to estimate the objective function values (aerodynamic
properties) after being trained using a database of different combinations of design
variables (geometry parameters), wind angle of attack and the corresponding objective
function values. Two single-objective optimization problems are conducted to reduce the
peak base moment coefficients in addition to a multi-objective optimization problem to
simultaneously reduce both peak base moment coefficients. The contributions of the current

study can be summarized as follows:

e Introducing vents to a tall building is considered an effective approach in reducing
base moments in both the orthogonal directions as a result of weakening the
development of vortex shedding and reducing the projected area of the building.

e Three dimensional LES models of an atmospheric boundary layer flow are required
to capture the aerodynamic improvement gained due to global mitigations such as

building vents.

e Using ANN as a surrogate model is considered an effective analytical approach to
capture complex variations in the objective function with an error less than 4% in
91% of the training samples, in addition to significant acceleration in the

optimization procedure.

e Single-objective optimization problems resulted in 47% and 42% reduction in the

peak base moment coefficient about the x and y axes, respectively.

e The continuous flow information provided by LES enabled visual comparison

between the basic (unmitigated) building shape and the optimal ones.
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e Conducting multi-objective aerodynamic optimization problem provides a set of
optimal solitons (Pareto Front), which will allow architects to involve adequacy

and serviceability considerations in the selection of the outer shape of the building.

e On the whole, the improvement in wind numerical simulations and aerodynamic
optimization procedures enhanced with the advancements in computational power
IS expected to encourage urban designers and architects to pursue optimal climate

responsive solutions and designs.
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Chapter 7
7 Conclusions and Recommendations

7.1 Summary

This thesis introduces a robust Aerodynamic Optimization Procedure (AOP) that combines
Genetic Algorithm, Computational Fluid Dynamics and Acrtificial Neural Network model
as a surrogate model for aerodynamic assessment of tall buildings. The proposed procedure
is adopted to optimize different types of building mitigations including corner chamfering,
helical twisting and through openings. A verification is carried out to ensure the conversion
towards the optimal building shape by comparing the wind performance produced by the
optimal and other near optimal building shapes. The AOP is adopted to conduct both
single- and multi-objective optimization problems. Large Eddy Simulation (LES) models
are utilized to accurately capture the atmospheric boundary layer wind flow interaction
with tall buildings. Moreover, a new inflow generation technique called the Consistent
Discrete Random Flow Generation (CDRFG) technique is developed for LES wind
simulation. The accuracy of numerical wind load evaluation is assessed by comparing
pressure distributions and building responses with results obtained from previous boundary
layer wind tunnel (BLWT) tests and other numerical simulations. The technique is
examined for a standalone tall building and for a tall building located in a realistic city

center configuration.

7.2 Main Contributions

The main conclusions pertaining to the aerodynamic optimization procedure in chapters
two, three and four:

e The adoption of ANN in objective function evaluation attained many advantages
for the AOP, including (i) significantly lowering the computational cost, (ii)
eliminating the need for the direct integration of CFD within the optimization

process (i.e. CFD can be used offline to train the surrogate model), (iii) allowing
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the use of any available BLWT database in conjunction with the CFD database; and
(iv) mapping a highly nonlinear relationship between the design variables and the
objective function if trained properly

Comparison of the aerodynamic behavior of the optimal building shape to the other
near optimal ones using 3D LES of both 2D flow and ABL flows shows a similar
trend. Thus, low-dimensional flow analyses can be sufficient to indicate the relative
performance of the shapes with a more time-efficient analyses (i.e. around 150
times faster than ABL flow analyses).

Three dimensional LES models of an atmospheric boundary layer flow are required
to capture the aerodynamic improvement gained due to global mitigations such as
building vents.

Conducting multi-objective aerodynamic optimization problem provides a set of
optimal solutions (Pareto Front), which will allow architects to involve adequacy
and serviceability considerations in the selection of the outer shape of the building.
The continuous flow information provided by LES enabled visual comparisons
between the basic (unmitigated) building shape and the optimal ones.

Local (corner) aerodynamic mitigation of tall buildings can result in significant
reduction in both along- and across- wind loads, which results in reducing the
overall building response, vibration and cost.

Global aerodynamic mitigation by using helical twisting and vents introduction to

a tall building are considered effective approaches in reducing base moments in
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both orthogonal directions as a result of weakening the development of vortex

shedding.

The main conclusions pertaining to the utilization of CDRFG inflow technique for

standalone and surrounded configurations in chapters five and six:

The employed LES model while using CDRFG technique to simulate the inflow
field leads to more accurate estimation for the wind pressure distributions on a tall
building and its responses. Since, this model supports parallel computation, it

allows for a time-efficient evaluation of the building aerodynamic behavior.

Wind induced pressure obtained from the current LES model for the isolated
building configuration are in a very good agreement with the pressures measured
in the BLWT. Mean and fluctuating pressures distributions obtained from the
current LES model has a better agreement with the BLWT results compared to

previous numerical models

Base moment spectra and building responses obtained from the current LES model
(for both isolated and complex surrounding configurations) well agree with the
spectra and responses obtained from wind tunnel. Average difference between LES

and WT responses is found to be less than 6% for both configurations.
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7.3 Recommendations for future work

The current thesis discusses several topics related to aerodynamic optimization and wind
load evaluation for tall buildings. For future research, the following investigations are

suggested:

e Including location effect and meteorological data in the aerodynamic optimization

procedure to account for different inflow characteristics for each wind direction.

e Considering the aeroelastic effect and building motion during extreme wind events,

which expected to be critical for highly flexible structures.

e Extend the optimization process to include the structural elements and the dynamic
properties of tall buildings leading to better utilization of the available resources

and materials.
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Appendices A

Building dynamic responses

Modal forces Fi can be calculated from the base moments M; using Equation Al.

F 1/h 0 0 |[M, Equation Al
Fr={ 0 1/h 0 |{M,

Fl [0 0 07]|Mm,

where h is the building height

The rms displacement response in the generalized coordinate corresponding to a vibration
mode i is calculated using the integral in Equation A2, where ‘Hiz‘ is called the mechanical

admittance function and is expressed by Equation A3.

Equation A2

2‘ _ 1 Equation A3

where X * is the rms generalized displacement; ‘Hiz‘ is the mechanical admittance

function for the mode i; SFi is the force spectra for mode i.

—_* o * o -
Mean, X; , background, Xisy , and resonant component, Xies, Of the generalized

displacement are calculated using to Equation A4.

| % o Equation A4
Xi :?,XiBg =——, Xires =y Xi —Xisg

K.

- Fi o * (o= o
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where o, is the rms modal force of the mode i

Peak displacement, %, , and acceleration ¥, at the building top are calculated as

function of the generalized displacement according to Equations Ab.

*Ltp_)?'*'i‘g )‘?* Equation A5
1mop — 1 f 1

m’ep =0; (27Z'f| )2 .)((Di res*

Peak equivalent static base moments, M i, are calculated from Equation A6, where Mo

is the mean base moment and Nfui is the rms base moment which can be calculated
using Equations A7, where gr is the peak factor and it is taken here equal to 3.5.

o Equation A6
Mo =My +0; N b

Equation A7
N b = (2xf, )2 % H f)?’i* (along and across wind)

W oo = (22f )’ IE H.Xo (torsional direction)

where m, | are the mass and inertia per unit height which equals to ms.Bs.Ds and
Ms.Bs.Ds (Bs>+Ds?)/12, respectively.
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