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Sustainability and optimization in material consumption are important concerns for tall 
building design, which are gaining importance as the number of tall buildings increases 
dramatically. While numerous studies in literature address optimization in tall building 
design, majority of them focus on the final stage of design and conduct size optimization 
for structural members. This approach neglects the effect of architectural design 
parameters on optimization process and cannot guide designers in preliminary stage 
where key decisions are made. In this study, a methodology is developed for tall buildings 
design, integrating parametric modelling and optimization via genetic algorithms (GAs), 
to address architectural design parameters and structural system requirements 
simultaneously. The aim of the methodology is to provide sustainable design solutions 
with minimum carbon footprint per leasable area, to guide designers beginning from the 
preliminary design phase, and to diminish drawbacks in design process. To ensure 
compatibility with the preliminary design and manage vast number of solutions, 
automated parametric modelling and structural analysis are introduced. Instead of 
leading to one optimum solution, it gives a group of optimum solutions to provide 
flexibility to designers. A solution space is defined with four design parameters: building 
height, plan dimensions, core ratio, and structural system. The methodology is applied in 
two steps, a portion of solutions is used to investigate different configurations of GAs, 
then the best configuration is applied to whole solution space. The results show that by 
applying GAs, a group of optimum solutions and optimum values for design parameters 
can be deducted by analysing only 40% of all solutions. Proposed method is beneficial for 
managing vast solution spaces, enabling designers to explore wide range of options 
without excessive number of analyses. Since the proposed method is based on parametric 
inputs, designers can adapt it to different design problems, solution spaces and design 
parameters. 
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INTRODUCTION 
Beginning in the 19th century, tall buildings have 
been a part of architecture and structural design. 
The number of tall buildings has increased since 
the 1890s all around the world, especially in 
developed urban regions, and this growth is 
expected to continue (Ali and Al-Kodmany, 2012). 

Because of the exponential increase in number of 
the tall buildings and the scale of the tall building 
projects, sustainability has emerged as a 
fundamental concern. To limit material usage and 
reduce environmental impact, efficient design 
solutions have become vital. 
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Numerous studies in the literature have 
concentrated on structural optimization, primarily 
seeking to minimize member sizes while still 
fulfilling design criteria to enhance material 
efficiency. Moon et al (2007) explored diagrid 
configurations suitable for different building 
heights using a stiffness-based method, followed 
by Moon’s (2010) work on braced tube systems. 
Zhang et al (2012) optimized diagrid-tube 
structures by assessing the mass and angle of 
diagonal elements. Similarly, Alavi et al (2017) 
optimized framed tube buildings under varied 
load conditions, while Tomei et al (2018) 
proposed non-uniform diagrid layouts to balance 
stiffness and material use. Genetic algorithms 
were utilized by Lacidogna et al (2019) to refine 
diagrid configurations, with a subsequent study 
(2020) expanding the analysis through matrix 
methods. Additional studies by Kamgar and 
Rahgozar (2019), İnam et al (2021), and Alavi et al 
(2021) studied outrigger systems, exploring the 
impact of their location and layout through 
optimization techniques. Chan et al (2010) 
focused on wind-induced lateral stiffness, 
incorporating iterative analysis in their design 
strategy. Lastly, Alavi and Rahgozar (2019) 
introduced a method for optimizing vertical 
material distribution to enhance lateral 
performance. 

The aforementioned studies regarding the 
optimization of structural systems are mainly 
focused on the design phase where the 
architectural design is almost finalized. The 
studies generally discuss the optimum layout of 
the diagrid tube structures, location, and the 
number of outriggers and cross-sections of 
specific structural members. Although these 
parameters are important for reducing the 
construction material, they do not contemplate 
the architectural design considerations. During 
the preliminary design stage, architects take 
decisions that affect the project in every aspect. In 
this stage many different design options are 
considered and one of these options (or limited 

number of these options) are selected and 
elaborated to finalize the design. Optimizing the 
final design in terms of material consumption 
contributes to the project. Yet, it does not provide 
guidance for the designers during the preliminary 
design stage where the critical decisions are 
made. Integrating the optimization process to the 
preliminary design and including the architectural 
design parameters into the optimization can 
provide insights for the designers. Among 
numerous design options that considered during 
the early design stages, architects can select the 
options that lead optimized design.  

In this research, an optimization methodology 
is introduced that integrates genetic algorithms 
(GAs) and parametric design to address 
architectural design parameters and structural 
system requirements. This methodology aims to 
guide designers from the preliminary stages of 
the architectural design, mitigating potential 
drawbacks in design process and providing 
sustainable design solutions. 

Unlike earlier work, this methodology 
considers not only height and structural system 
type but also architectural parameters including 
floor plan shape, dimensions, and core-to-floor 
area ratio. The constraints for these parameters 
are informed by existing tall buildings’ data. 

The solution space is evaluated with 
performance-based approach where structural 
models are created by parametric modelling and 
analyzed by the finite element modelling software 
ETABS. Instead of analyzing the whole solution 
space, GAs is introduced to induce the results by 
only analyzing a portion of the solution space. 
Results show the most successful 10% of the 
solution space where designers can deduct 
optimum values for the design parameters.  

DEFINITION OF THE  
OPTIMIZATION PROBLEM  
The optimization methodology presented in this 
study is not developed for only a specific design 
problem but rather defined in a parametric 
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manner to be adjustable to any design problem. 
Yet, in this paper the optimization method is 
applied to an examplary design case to evaluate 
its performance.  

Objectives and variables 
This study frames the optimization task as a multi-
objective problem—maximizing leasable floor 
space while minimizing the material usage of 
structural elements. This multi-objective method 
produces sustainable design solutions that have 
maximum indoor spaces with a minimum carbon 
footprint.  

The four core variables are plan dimensions, 
core ratio (core area relative to total floor area), 
building height, and the structural system type. 
Each parameter influences the objectives in 
different, often opposing, ways. 

Increasing the plan dimensions provides a 
larger leasable area. However, it also increases the 
façade area and the wind load demand so as the 
cross-section of the structural and construction 
material. Decreasing the core ratio provides a 
larger leasable area. Yet, as dimensions of the 
structural core are reduced, the thickness of the 
core walls or the cross-section of other structural 
members should be increased to have the same 
lateral stiffness. As the building gets higher with a 
constant floor-to-floor height, the number of 
floors increases, and so does the total floor area 
and leasable area. However, the velocity of the 
wind exponentially increases as the height of the 
building extends. The wind load demand gets 
larger exponentially and requires increased cross-
sections of the structural members and the 
construction material consumption.  

The structural system determines the 
number and layout of the structural members 
and their cross-sections. In structural systems 
like diagrid tubes or frame tubes, frequently 
placed members are mainly located on the 
façade of the building. In outriggered frame and 
shear-walled frame

structures, both the core and peripheral members 
are critical for lateral stiffness. Thus, the core area 
should be large enough to resist a significant 
portion of the lateral load demand. In each of 
these, the structural system preference affects the 
amount of construction material, the plan layout, 
and the core area, which changes the leasable 
area.  

Constraints and design space 
Constraints are derived from data on existing tall 
buildings (Table 1). Based on CTBUH 
classifications, three building heights (240m, 
300m, and 360m) are studied to examine wind-
related scaling effects. Aspect ratios, typically 
exceeding 6 and seldom beyond 12, inform the 
plan size constraints. For 300-meter towers, 
aspect ratios between 6 and 10 translate into floor 
widths from 30m to 50m in 2.5m increments. 

Core ratios are guided by averages from 
actual buildings, with values set at 18%, 21%, and 
24%. Structural system choices are narrowed to 
two common types—outriggered frames (OF) 
and frame tubes (FT)—based on prevalence in 
tall structures (Ilgın et al, 2021). Together, 
these parameters yield a design space of 810 
unique configurations. Table 2 shows the 
parameters and corresponding limits for the 
design space.  

A portion of the design space (126 models) is 
taken as a sample group to customize the GAs 
application.  

PARAMETRIC MODELLING 
AND STRUCTURAL ANALYSIS
All cases in the sample group are modelled and 
analysed with the finite element analysis 
software ETABS (version 21.0). The analyses are 
made iteratively to determine the design that 
satisfies the structural system requirements with 
minimum structural material. Linear-elastic and 
static analyses are done according to the ASCE/
SEI 7-10 with the same loading conditions.  
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Building Height (m) Aspect Ratio Core Ratio
Chrysler Building 318.9 11.81 16.4% (Günel and Ilgın, 2014)
New York Times Tower 318.8 7.25 23.7% (Günel and Ilgın, 2014)
Mahanakhon Tower 314 9.75 31.8% (Chanvaivit et al., 2015) 
Bank Of America Plaza 311.8 6.25 14.6% (Taranath, 2016)
U.S. Bank Tower 310.3 7.22 19.6% (Taranath, 2016)
Pearl River Tower 309.4 8.40 18.8% (Tomlinson, 2014) 
Cayan Tower 306.4 9.43 11.6% (Baker, 2010)
Two Prudential Plaza 303.3 7.49 21.6% (Binder, 2006)
Aspire Tower 300 16.67 19.7% (Günel and Ilgın, 2014) 
Eureka Tower 297.3 7.00 16.7% (Günel and Ilgın, 2014)
311 South Wacker Drive 292.9 7.11 16.9% (Günel and Ilgın, 2014)
Plaza 66 288.2 8.48 23.1% (Günel and Ilgın, 2014) 
One Liberty Place 288 5.93 24.1% (Binder, 2006)
Cheung Kong Centre 282.8 6.02 26.9% (Günel and Ilgın, 2014)
601 Lexington 278.9 6.02 19.2% (Günel and Ilgın, 2014) 

In each plan layout, the ratio of the core 
dimensions is kept the same as that of the plan 
dimensions. In this way, the leasable span is 
controlled. A central core consisting of concrete 
shear walls is modelled in both outriggered frame 
(OF) and frame tube (FT) structures. In OF 
structures, two corner and two perimeter columns 
are on each side of the floor plan. Throughout the 
height of the building, the perimeter columns are 
connected to the core with outriggers on two 
outrigger levels. In FT buildings, there are 40 
peripheral columns on the edge of the floor plan. 
A spandrel beam connecting these peripheral 
columns is also used. All the structural members 
and slabs are reinforced concrete (RC). The grade 
of the RC is C40 for the slabs and C90 for the other 
members. For each model the ratio of the total 
leasable area and the total amount of 
construction material is calculated.   

GENETIC ALGORITHM 
CUSTOMIZATION  
Genetic algorithms (GAs) is one of the most 
common methods in structural optimization 
studies. Although it is a powerful method, one of 
the major criticisms of this algorithm is that it 
requires too many iterations to achieve a global 
optimum solution (Aldwaik and Adeli, 2014). In 
this study, such concern is not valid because the 
aim is not to find one optimum solution but to 
determine a group of solutions with the best 
performances.  

The algorithm starts with an initial population. 
For the sample group, four genes are determined 
as two dimensions of the floor plan, core ratio, 
and structural system. A specified number of 
individuals (design solutions) are defined 
randomly by these four genes to form the initial 
population. A new population is created on every 
iteration by applying elitism, cross-over, and  

Table 1 
Data of the 
existing tall 
buildings 

Parameter Constraints Values
Height (H) 240 ≤ H ≤ 360 240, 300, 360 meters
Plan dimensions (PD) 30 ≤ PD ≤ 50 30, 32.5, 35, 37.5, 40, 42.5, 45, 47.5, 50 meters
Core ratio (CR) 18 ≤ CR ≤ 24 18%, 21%, 24% 
Structural System (SS) Outriggered Frame (OF), Frame Tube (FT)

Table 2 
Optimization 
parameters and 
constraints 
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mutation functions to the current population. 
The elitism function is employed to preserve 
the best members of the population. The ones 
that are subjected to elitism are also exposed 
to cross-over. One or two genes of these 
individuals are interchanged randomly to define 
new and unique members. Lastly, the population 
is checked to see whether any genes are 
excluded from the current population. If such 
genes exist, the mutation function takes 
random individuals from the current 
population, modifies their genes to include 
these unattended genes, and creates new and 
unique members. Summation of the 
individuals defined by elitism, cross-over, and 
mutation gives the current generation. If the 
performance of the current generation is better 
than the previous one, the iteration is labelled as 
successful iteration. Otherwise, it is labelled as a 

null iteration. The algorithm continues until 
a null iteration is observed. Figure 1 
depicts the flow of the GAs procedure. 

Twelve scenarios with varying population 
sizes (24, 18, 12), crossover rates, and mutation 
settings are tested 20 times each due to the 
algorithm’s stochastic nature. Tables 3, 4 and 5 
shows these scenarios. The population sizes refer 
to %20, %15 and %10 of the sample group, 
respectively. Success is tracked by whether the 
algorithm can reach to the optimum ten percent 
of the models before the it terminates. Eleven of 
twelve configurations successfully located 
optimal solutions with analysis rates between 
40.8% and 67.6%. The unsuccessful configuration 
has 12 initial models where crossover is applied to 
6 of them without mutation. The best setup has 
12 initial models (10% of the sample group), 9 
cross-over models and no mutation.  

Figure 1 
Procedure of the 
GAs 
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Size of the first generation 24 24 24 24 
Elitizm 12 12 12 12 
Crossover size 12 18 12 18 
Mutation size 4 4 0 0 
Number of runs 20 20 20 20 
Number of different cases 2 2 2 2 
Percentage of the case 60% 40% 80% 20% 60% 40% 80% 20% 
Number of successful iterations 2 3 2 1 2 3 2 1 
Number of null iterations 1 1 1 1 1 1 1 1 
Total analysis 72 88 90 68 60 72 78 60 
Percentage 57% 70% 71% 54% 48% 57% 62% 48% 
Ratio of total analyses 62.2% 67.6% 51.6% 59.2% 

Table 3 
GAs customization 
with sample group 
results, 24 initial 
models 

Table 4 
GAs customization 
with sample group 
results, 18 initial 
models 

Size of the first generation 18 18 18 18 
Elitizm 12 12 12 12 
Crossover size 9 12 9 12 
Mutation size 4 4 0 0 
Number of runs 20 20 20 20 
Number of different cases 2 2 3 2 
Percentage of the case 80% 20% 60% 40% 80% 20% 60% 40% 
Number of successful iterations 3 2 3 2 3 2 3 2 
Number of null iterations 1 1 1 1 1 1 1 1 
Total analysis 70 57 82 66 70 57 82 66 
Percentage 56% 45% 65% 52% 56% 45% 65% 52% 
Ratio of total analyses 53.8% 59.8% 43% 50.2% 

Table 5  
GAs customization 
with sample group 
results, 12 initial 
models 

Size of the first generation 12 12 12 12 
Elitizm 12 12 12 12 
Crossover size 6 9 6 9 
Mutation size 4 4 0 0 
Number of runs 20 20 20 20 
Number of different cases 3 3 3 2 
Percentage of the case 50% 30% 20% 65% 30% 5% 50% 30% 20% 60% 40% 
Number of successful iterations 5 4 6 3 5 4 6 3 5 4 6 
Number of null iterations 1 1 1 1 1 1 1 1 1 1 1 
Total analysis 72 62 82 64 72 62 82 64 72 62 82 
Percentage 57% 49% 65% 51% 57% 49% 65% 51% 57% 49% 65% 
Ratio of total analyses 56.2% 53.45% 37.7% 40.8% 
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RESULTS 
The optimal GAs configuration is applied to the 
design space with an initial generation of 81 
individuals (10% of design space), 60 cross-over 
size and no mutation. The process converges in 
three iterations, analysing 40% of the models. 
Table 6 shows the results. The best-performing 
10% of solutions achieved area-to-material ratios 
between 1.75 and 2.01. 

To validate the GAs performance, all 810 
models are analysed. These results confirmed the  
algorithm's accuracy, with the top solutions 
matching those found by GAs. This demonstrates 
that the methodology reliably identifies high-
performance solutions while significantly 
reducing computation. 

The most successful 10% of the design space 
(referred as the optimum solutions) are 
investigated to determine how the design 
parameters affect optimization process. For each 
design parameter, the occurrence of selected 
values is counted separately and their percentage 
among the optimum solutions is calculated. 
Figure 2 shows the percentages for each 
parameter and constraints. 
 

Majority of the optimum solutions (88%) are 
240 meters tall and the rest of them (12%) are 300 
meters tall. None of the 360 meters tall models 
are among the top 10% of the design space. 
These results suggest that reducing the height 
provides better performance in terms of the 
material efficiency per leasable area.   

Almost half of the optimum solutions have 
18% core ratio. The results show that recessed 
core area is beneficial for providing material 
efficiency.  

There is a dramatic difference between the 
performance of two selected structural systems. 
94% of the optimum solutions have OF structure 
where only 6% of the optimum models have FT 
structure.  

For the plan dimensions and aspect ratio, 
optimum solutions are accumulated on the 
models with larger plan dimensions. The largest 
plan area is 2500 m2 with 50 by 50 meters 
dimensions where the smallest area is 900 m2 with 
30 by 30 meters dimensions. The average plan 
area of the optimum solutions is approximately 
1950 m2 which is closer to the upper limit. It can 
be deducted that as the slenderness increases the 
material efficiency decreases.  

 
 Sample Group Design Space 
Size of the first generation 12 81 
Elitizm 12 81 
Crossover size 9 60 
Mutation size 0 0 
Number of runs 20 1 
Number of different cases 2 - 
Percentage of the case 60% 40% - 
Number of successful iterations 3 4 3 
Number of null iterations 1 1 1 
Total analysis 48 57 321 
Percentage 38% 45% - 
Ratio of total analyses 40.8% 40% 

 

Table 6  
Results of the 
sample group and 
design space 
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The performance of a possible design solution 
depends on the effect of all parameters 
simultaneously. Yet, statistics that scrutinized 
from the optimum solutions can guide the 
designers regarding which parameters are more 
dominant for optimization of the design. 

For the design problem presented in this 
paper, for two of the parameters, height and 
structural system, there is a clear performance 
difference between different design decisions. 
Lower height and OF structural system provide 
better solutions in terms of optimizing the design. 
For the other two parameters, core ratio and plan 
dimensions, although the optimum solutions are 
not clearly accumulated around specific values it 
is possible to observe a trend where recessed core 
area and larger floor plans leads to better results.  

It should be noted that, the parameters and 
their effects discussed above is specific to the 
optimization problem defined in this study. 

DISCUSSION  
The proposed methodology provides a flexible 
and effective tool for integrating optimization 
into the early design phases of tall buildings. Its 
structure allows for scalability—design 
parameters can be expanded or redefined with 
ease. This adaptability is critical in the early 
conceptual stages when many design directions 
are still viable. 

Parametric modelling and automated analysis 
are essential for navigating the vast solution 
space. While full evaluation of every design is 
computationally unfeasible, the use of genetic 
algorithms enables efficient navigation of this 
space. This study shows that plausible results can 
be achieved by analysing only 40% of models, 
which is crucial when dealing with large-scale 
design spaces. 

By fine-tuning the GAs with a representative 
subset, designers can further reduce the required 

Figure 2  
Parameters and 
constraints of the 
optimum solutions 
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analysis efforts. Even when one parameter is 
omitted or constraints are narrowed, a well-
chosen sample group can yield optimization 
strategies that apply broadly. This empowers 
architects and engineers evaluate viable solutions 
with less computational effort in real-time design 
settings. 

Traditional optimization often aims for a 
single best solution. However, architectural 
design benefits more from a range of viable, high-
quality options. Genetic algorithms are especially 
useful in this context, offering diverse alternatives 
that help inform design decisions without 
imposing rigid outcomes. Similar conclusions 
have been drawn by Li (2012), emphasizing the 
value of GAs in offering informed flexibility for 
architectural judgment. 

CONCLUSION 
This study introduces a novel optimization 
framework that integrates genetic algorithms 
with parametric modelling to address both 
architectural and structural parameters of tall 
buildings. Unlike traditional methods focused 
purely on engineering constraints, this approach 
emphasizes early-stage design exploration, 
allowing architects and engineers to collaborate 
in creating sustainable, high-performance 
solutions. 

The results demonstrate that even within a 
large and complex design space, a small fraction 
of well-chosen configurations can reveal the most 
effective design strategies. By leveraging GAs, the 
method reduces computational demands without 
compromising accuracy, making it a practical and 
efficient tool for preliminary design. Moreover, it 
provides a spectrum of optimal solutions rather 
than a singular answer—aligning better with the 
nature of architectural practice. 

Looking forward, this framework could be 
expanded to include additional environmental, 
economic, or construction-related parameters. Its 
adaptability and efficiency position it as a valuable 
asset in the pursuit of sustainable architecture, 

offering a bridge between digital design 
exploration and practical, performance-driven 
decision-making. 
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