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Abstract. Static, dynamic and aerodynamic effects of wind and the 
response of tall buildings can be mitigated and controlled using the ar-
chitectural and structural strategies. Modifying the form and geome-
try, such as tapering, setback and aerodynamic form are considered 
architectural concepts; whereas, determining appropriate lateral-load 
based structural systems, such as tube systems, core-supported outrig-
ger and diagrid systems are structural concepts. In this paper, a design 
method of tall buildings to consider the impact of the architectural and 
structural design strategies to reduce wind effect and control the re-
sponse of tall buildings is presented. This method of design can also 
consider the interrelationship between form and geometry of tall 
buildings and structural systems by implementing a computational 
workbench for architectural parametric design module, Computational 
Fluid Dynamics (CFD), structural analysis program (ETABS) and also 
optimization procedure. The main objective of this innovative method 
is to create a comprehensive collaboration among architects, structural 
engineers, fluid and wind engineers in a non-linear back and forth 
process to find the most efficient geometry and form with minimum 
wind impact and also minimum weigh of the structure for a tall build-
ing. 
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1. Introduction 

The definition of tall buildings has changed depending on the average height 

perceived by the urbanism through the years. Technically, tall buildings can 
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be defined via their wind resisting capabilities as the wind becomes their 

main lateral load and one of their main design parameters. Tall buildings in 

most cases act like free standing cantilevers; they become more susceptible 

to lateral loads (such as wind and seismic) as their heights increase. In the 

structural design and analysis of tall buildings, regarding the significance of 

wind and seismic, Alaghmandan and Elnimeiri (2013) indicate that: 

“the larger base shear, resulting from wind forces has to be considered 

rather than seismic forces. Hence, the main lateral force resisting sys-

tem is sized for wind; although ductile detailing is used to account for 

seismic demands.” 

Hence, it is evident that wind plays an important role in tall building de-

sign. In the following sections, architectural strategies to reduce wind effect 

and also structural concepts to control the response of the structure of tall 

buildings will be briefly illustrated. 

2. Architectural and structural strategies to reduce wind effect 

The main design concerns of tall buildings stem from two issues; the first 

one is wind and its complexity and the second one is their slenderness. To 

overcome these problems, there are three main architectural and structural 

strategies to reduce wind effects on tall buildings and mitigate their dynamic 

and aerodynamic response: namely, (1) aerodynamic forms and modifica-

tions; (2) structural stiffness by accomplishing lateral-loads based structural 

systems; and (3) damping sources.  

2.1. ARCHITECTURAL STRATEGIES 

The architectural concepts are basically precautionary ways to reduce the 

impact of wind and control the response of the structure, passively. And as 

such, there are a few significant strategies to design of tall buildings, like de-

signing a free and aerodynamic forms, and also aerodynamic (geometric) 

modifications. In general, in design of tall and super tall buildings, as indi-

cated by Ali and Armstrong (1995): 

“building shapes with cylindrical, elliptical, crescent, triangular forms 

and shapes are not as vulnerable to lateral force action as rectangular 

prisms.”  

Albeit, the architectural strategies are not unchanging rules at all; since 

every single architectural strategy has to be tested for every individual build-

ing regarding its own context and wind parameters. 
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2.1.1 Aerodynamic forms 

Aerodynamic forms act more unexpectedly wind load environments and can 

significantly reduce wind effect and control building response. Furthermore, 

aerodynamic forms can also reduce the formation of the vortices by altering 

the wind flow patterns around the building. Acting like an unexpected form 

means that irregular aerodynamic forms can disperse the wind and avoid 

gathering wind flow to have a significant integrated harmonic effect on the 

structure of the tall building.  And as such, they can be advantageous in re-

ducing wind effects and in controlling the building response (Irwin, 2009). 

Accordingly, such effects have led to twisting and other building forms to 

have an aerodynamic figure to disperse and confuse the wind and subse-

quently to mitigate the effect of wind and fulfilling aesthetic design.  

2.1.2. Aerodynamic (geometric) modifications 

One of the most important and effective design approaches among architec-

turally passive methods to mitigate dynamic response of tall buildings is us-

ing aerodynamic (geometric) modifications on the form of tall buildings by 

providing tapering, setbacks and openings along the height of the building 

(Ilgin & Gunel, 2007). 

However, it needs to be pointed out that some recent studies in the fields 

of wind and structural engineering have also shown that some modifications 

are ineffective and even have adverse effects in specific situations. Thus, 

there is no distinct consensus on the benefits of aerodynamic modifications 

in all situations (Alaghmandan & Elnimeiri, 2013). 

Aerodynamic (geometric) modifications are divided into macro and mi-

cro level based on the impact on the form and geometry of the building.  

2.1.2.1. Macro modifications 

Macro modifications have major effects on the main architectural concept of 

the shape and form of tall buildings such as tapering, twisting and setback 

(Figure 1). 

2.1.2.2. Micro modifications  

All corner modifications such as rounded and recessed corners, which have 

no effect on the main concept of the shape and the form of tall buildings, are 

considered micro modifications (Figure 1). However, the impact of micro 

modifications is not few and micro scale in reducing wind effects. 

In many papers and studies such as those by (Davenport, 1988; Ilgin & 

Gunel, 2007; Irwin, 2006; Irwin et al, 2008; Kawai, 1998; Kim & You, 
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2002; Melborne & Cheung, 2001), the effects of these architectural strate-

gies to reduce wind effect and building response were shown.  

In this paper, tapering and setback are considered as the main aerodynam-

ic (geometric) modifications for tall building models to be evaluated for the 

proposed design method.  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Examples of micro (above) and macro (below) aerodynamic modifications. 

2.2. STRUCTURAL STRATEGIES 

Structural concepts for reducing the effect of lateral loads, particularly wind, 

and controlling the structural response of tall buildings are divided into two 

main strategies. 

2.2.1. Structural stiffness by accomplishing lateral-loads based structural 

systems 

Although stiffening the structure can reduce the response of tall buildings, it 

is often appropriate and efficient for shorter buildings in case of using more 

materials; because, it can be extremely expensive to provide enough stiffness 

with using material to control dynamic response of tall buildings. (Smith & 

Wilford, 2008) As indicated by Alaghmandan et al (2013 (B)), 

“stiffening the structure of tall buildings could be efficient if it is ac-

complished through the structural systems with less material and con-

sequently with less cost.” 

The direction of the evolution and development of the structural systems 

of tall buildings is toward increasing the efficiency of the lateral resistance 

against wind load. The lateral load-based structural systems such as tube sys-
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tems, core-supported outrigger systems, space frame and diagrid systems 

have significant roles in controlling the structural response of tall buildings.  

In this paper, for evaluating the proposed design method, braced tube and 

core-supported outrigger systems are considered as the structural systems of 

the tall buildings’ models.  

2.2.2. Damping sources 

Another structural strategy as an active concept to reduce the response of tall 

building is the damping. Damping is the degree of energy dissipation that a 

structure can provide to reduce build-up of the resonant response. It comes 

from two main sources: intrinsic and supplementary. Because this factor is 

not considered in this research, no specific coverage damping is provided. 

3. Problem definition 

In the routine design process of tall buildings, as in most other architectural 

types of buildings, architects with aesthetic sense, background knowledge 

and experience begin to design a building, schematically; then they transfer 

the main idea and concept of the drawings to computing programs for im-

plementing simulation. After that, the structural and other related fields of 

engineering are added to the design team to analyse the building and solve 

the related issues. In that case, architects and engineers try to develop the 

building with fewer changes. This model of cooperation causes problems 

and consequently lots of extra cost for the construction of the building. 

Since, there is a gap in this kind of design process and team collaboration; 

since, a creative method of design in the realm of tall buildings to cover 

these kinds of gaps can be inevitable. 

For instance, the paper of Alaghmandan et al (2013(A)) shows around 

33% of 73 tallest buildings do not have any macro level of geometric modi-

fications and 59% of them do not have any modifications in micro scale that 

could be because of lack of a comprehensive method of design and team co-

operation, regarding the effect of these architectural (geometric) modifica-

tions on reducing wind effect.  

4. The proposed design method 

Regarding all the aforementioned illustrations, the first step in the proposed 

design method is to consider the effect of the aerodynamic (geometric) mod-

ifications on the form of tall buildings towards reducing wind effect as an 

architectural (geometric) concept.  
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The second step is to enhance the impact of the structural systems in re-

ducing the response of tall buildings to wind as a structural strategy, statical-

ly, dynamically and aerodynamically. 

However both architectural and structural strategies can interdependently 

have an impact on reducing the wind effect and controlling the building re-

sponse; in this method of design, one of the very important and unique 

points is to consider the` impact of these two significant concepts not only 

separately but also integrally and simultaneously (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 2: The diagram of research objectives and goals. 

The effect of the interrelationship between the geometry and form of tall 

buildings and structural systems to reduce wind effect and to control the re-

sponse of tall buildings is considered to be the main objective of the pro-

posed design method.  It is an imperative point to determine which structural 

systems work and match well with which aerodynamic modifications and 

forms. This interesting point can be regarded as yet another level in the pro-

posed design method.  

Apparently, if all of the aforementioned levels of this research steps are 

considered from the early steps of the design process, any gaps in the design 

process can be properly closed and pertinent design issues covered.       

5. Methodology overview 

In the proposed design method, there are four main steps. Firstly, architec-

tural parametric design method is implemented by DesignModeler of AN-

SYS to design a sample model, parametrically; and set the generation of the 

models. 

Secondly, the models is linked to the meshing module of ANSYS and 

simulated in the Computational Fluid Dynamic program (FLUENT) of AN-

SYS. Based on the CFD simulation the quantity of the wind pressure on the 

model is published on a excel spread sheet.  
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Design Process 
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ings Simultaneously 



 INNOVATIVE DESIGN METHOD OF TALL BUILDINGS 531 

The model, simulated in the ANSYS, is linked into the structural analysis 

program (ETABS) to analyse the model in both braced tube and core-

supported outrigger system for evaluation the process of the proposed design 

method, simultaneously.  

Finally, by using the ParaGen workbench (Von Buelow, 2012), based on 

the genetic algorithm method of optimization, the structure of the models is 

optimized to find the minimum weight of the structure of the model based on 

the lateral load (wind) effect (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Main steps of research methodology. 

It is an ironic point that, a model with the lowest lateral load impact may 

not be the model with the most efficient structural system. Thus, it needs to 

have a trial and error process through the method of design instead of a line-

ar relationship to arrive at a suitable solution; and all the generations of the 

models have to be simulated and analysed on the workbench to obtain the 

weight of the every individual model to be finally compared. 

5.1. ARCHITECTURAL PARAMETRIC DESIGN AND CFD SIMULA-

TION 

In parametric design method, the parameters of a significant shape and form 

of a model define the model. By assigning different values of the parameters 

and also equations, different objects or configurations can be created through 

the generation process. (Burry, 1999) 

In this research, the parameters of the models will be selected based on 

the equal volume of the buildings to have the same gross area for all the gen-

erations. This is because, it is necessary to have the same models based on 

the same architectural efficiency that is dependent on the total gross area; 

otherwise, various alternatives will not provide any meaningful competitive 

solution (Figure 4).  
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The parametric models link in to the Meshing module and FLUENT pro-

gram of ANSYS to do the CFD simulation to obtain the results about the 

wind pressure on the models (Figure 5). 

 

       

Figure 4 & 5. Computing work bench of ANSYS & Section model of the meshing of a basic 
model  

5.2. STRUCTURAL DESIGN AND ANALYSIS 

After every CFD simulation, the model is transferred in to the structural pro-

gram (ETABS) to design and analyze the structural system and elements re-

garding the lateral loads obtained from ANSYS (on excel a spread sheet). 

Braced tube and core-supported outrigger systems are selected to evaluate 

the structural weight of the models. 

 

 

Figure 6: Structural analysis of a basic model (ETABS) 

5.3. OPTIMIZATION METHOD 

In the proposed method of design, the optimization process is considered on 

the workbench and works in two steps, simultaneously; first, in the process 

of the CFD simulation and second, in the process of the structural design and 

analysis. In the first step, models have to be optimized to find a model with 

the minimum wind impact and in the second step; the structural systems and 
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elements have to be optimized to obtain the lowest weight of the structure of 

the models.  

There are different methods of optimization such as dynamic program-

ming, linear programming, non-linear programming and genetic algorithm. 

In the following section the genetic algorithm method is explained, because 

the ParaGen method is based on the GA. 

5.3.1. Genetic algorithm 

In Genetic Algorithm (GA) method, a population of the candidates of the so-

lutions for an optimization problem is progressed and evolved towards the 

optimized or the “best solutions.” Each candidate solution has a set of prop-

erties and data which can be recombined through breeding or mutated. In the 

GA method of solution, after the child population is generated, each of them 

is evaluated and fitness determined (Caldas & Norford, 2003). As indicated 

by Akbari and Ziarati (2011),  

“the parent(s) and child population are combined into a pool of candi-

date solutions to determine the optimized one.” 

In this research, the optimization module of ANSYS and also ParaGen 

workbench are both based on the GA method. 

6. Conclusions 

The main achievement of this paper is to show the importance of proper co-

ordination among a host of design parameters towards designing efficient 

tall buildings to meet desired performances. Specific performance conditions 

considered in this research included the geometry to meet reduced wind ef-

fects; and incorporating design for an appropriate lateral-load resisting sys-

tem. The following are the main conclusions of this research. (1) It was 

found that the quantity of modifying the form of tall buildings can have an 

optimum impact in reducing wind effects. (2) It was also found that the ef-

fectiveness of the structural system will be influenced by the form of the tall 

buildings. For example, among the generation of tapering models with two 

separate tube structural system and core-supported outrigger system, only a 

unique model can be found with the least wind effects, when the angle of ta-

pering is used as a geometrical parameter. This research finds that the model 

with the least wind effect is not necessarily the model with the least weight 

for the structure. This is because the geometry of the model and dynamic and 

aerodynamic effects of wind have a dramatic influence on the optimum sys-

tem. 

http://en.wikipedia.org/wiki/Population
http://en.wikipedia.org/wiki/Candidate_solution
http://en.wikipedia.org/wiki/Candidate_solution
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