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Abstract  The design of earthquake-resistant buildings 

has always been a critical aspect of structural engineering, 

especially in regions prone to seismic activity. The use of 

reinforced concrete (RC) structures as a seismic-resistant 

system has been widely adopted due to their strength, 

stiffness, and ductility. One of the critical components in 

RC buildings is the bracing system, which plays a vital role 

in resisting the lateral loads generated during an earthquake. 

In this article, we will discuss the importance of using 

different types of bracing in RC buildings, their response to 

seismic loads, and the limitations imposed by building 

codes and standards. We will also present a study, in which 

we modeled various RC building structures with different 

types of bracing using finite element software. Our 

objective was to evaluate the best bracing option for a given 

structure based on the seismic zone and the number of 

stories. We analyzed and compared the global 

displacements of the stories and the additional mass of 

materials required to stabilize the structure for buildings 

with 3, 6, 9, and 12 stories. After a detailed analysis, we 

concluded that RC buildings using a shear wall bracing 

system are more suitable for structures taller than 21 meters. 

On the other hand, buildings using a moment-resisting 

frame bracing system are more effective for structures with 

no more than six stories. The detailed results presented in 

this article can facilitate the work of architects and 

designers who must perform complex calculations to arrive 

at the right bracing system, saving them valuable time. 

Moreover, our study may influence building codes and 

standards to evolve and include more tailored guidelines 

for bracing types based on the seismic zone and building 

height. 

Keywords  Bracing Systems, Seismic Area, 

Earthquake, Columns, Shear Walls, Reinforced Concrete 

Buildings 

1. Introduction

The analysis of a structure's response to earthquakes is a

crucial aspect of structural design, seismic engineering, and 

the retrofitting of existing structures, particularly in regions 

with high seismic activity [1]. To improve a structure's 

stability and make it more robust and rigid, mechanisms 

such as bracing systems are used to resist horizontal forces 

and transmit them to the foundations [2]. Several 

researchers have studied the impact of dynamic and static 

design specifications on buildings and have published 

articles containing analytical and experimental data [3]. In 

civil engineering, the choice of the appropriate bracing 

system is essential before starting a construction project, 

and understanding the behavior of each type is crucial [4]. 

However, there is a lack of research on the impact of 

bracing types on buildings in Morocco, particularly in 

relation to building height and seismic activity. To address 

this issue, a study was conducted using ETABS and Revit 

Structures (BIM) to analyze 396 models with different 
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bracing types and heights in both static and dynamic 

conditions. The results showed that bracing with shear 

walls is the most effective for buildings over 21 meters high, 

while bracing with columns is recommended for buildings 

with six stories or less. 

Bracing systems are essential to the stability and safety 

of a building, especially in areas prone to earthquakes or 

high wind speeds. These systems help distribute horizontal 

loads and forces to the foundation and prevent structural 

collapse [5]. Many building codes and regulations require 

the installation of bracing systems in construction projects, 

such as the International Building Code (IBC) and the 

American Society of Civil Engineers (ASCE) standards. 

For instance, the IBC mandates that all buildings over 60 

feet tall must have a braced frame [6], while ASCE 7-10 

requires buildings to withstand lateral forces equal to 0.2 

times their weight [7]. There are three main types of 

bracing systems: column bracing, shear wall bracing, and 

column and shear wall combined bracing. Column bracing 

involves the use of diagonal braces that connect to the 

columns to prevent buckling under lateral loads. Shear wall 

bracing consists of vertical walls that resist lateral loads and 

transfer them to the foundation. In contrast, column and 

shear wall combined bracing use both diagonal braces and 

vertical walls to provide additional strength and stiffness. 

The percentage of distribution of horizontal force differs 

between the three types of bracing. Column bracing 

typically distributes about 25-30% of the horizontal force 

to the columns and 70-75% to the braces. Shear wall 

bracing distributes almost all of the horizontal force to the 

walls, while column and shear wall combined bracing 

distributes the force between the walls and the braces, with 

a roughly equal distribution between the two [8]. In 

summary, the column bracing system is a freestanding 

system where the columns alone resist both vertical and 

horizontal loads. The shear wall bracing system consists of 

shear walls or a combination of shear walls and columns, 

with shear walls supporting at least 20% of the vertical 

loads and entirely supporting horizontal loads. The mixed 

bracing system involves both shear walls and columns, 

with shear walls supporting no more than 20% of the 

vertical load [9]. 

The main objective of this study is to determine the 

effect of different bracing systems on structures of varying 

heights in each seismic region when subjected to seismic 

loads, and to identify the most efficient bracing system for 

each scenario. Additionally, the findings of this study can 

be used to strengthen Moroccan regulations, which is 

another important outcome. The general methodology of 

the research is outlined in Figure 1. 

Figure 1.  Flowchart of Research Methodology 
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2. Seismology in Morocco 

Seismology is a critical field in Morocco, given the 

country's location in a seismically active region. Morocco 

experiences several small to moderate earthquakes every 

year, with occasional larger events causing significant 

damage [10]. The country's seismological research is 

primarily conducted by the National Institute of 

Geophysics (ING) and the Ministry of Energy, Mining, and 

Sustainable Development (MEMSD) [11]. One of the most 

significant earthquakes in Morocco's history occurred in 

1960, with a magnitude of 5.7 on the Richter scale. The 

earthquake caused significant damage to buildings and 

infrastructure in the city of Agadir, resulting in more than 

15,000 deaths [12]. Since then, the Moroccan government 

has implemented several measures to improve earthquake 

preparedness, such as stricter building codes and improved 

emergency response plans [13]. In recent years, the ING 

has been actively researching seismic activity in Morocco. 

In 2019, the institute installed 10 new seismometers across 

the country to improve earthquake detection and warning 

capabilities. The MEMSD has also been conducting 

research on the potential for geothermal energy in the 

country, which involves analyzing seismic activity to 

identify suitable sites for geothermal energy production 

[14]. Despite these efforts, there are still significant 

challenges in seismology research in Morocco. One major 

challenge is the lack of funding and resources available for 

research and equipment maintenance. Additionally, many 

of the country's older buildings were constructed before 

modern building codes were implemented, making them 

more susceptible to earthquake damage [15]. Overall, 

seismology research is a crucial area for Morocco's safety 

and development. Continued investment in earthquake 

research and preparedness is essential for reducing the risk 

of seismic events and mitigating their impact on the 

country's population and infrastructure [16], [17]. 

The Moroccan seismic code of 2011, officially known as 

"Règlement Parasismique Marocain 2011" (RPS 2011) [8], 

is a set of regulations designed to ensure the seismic safety 

of buildings in the country. The code was first introduced 

in response to a devastating earthquake that hit the city of 

Agadir in 1960, and it has since been updated several times 

to reflect advances in seismic engineering. The RPS 2011 

code uses a number of essential parameters to determine 

the seismic hazard in different parts of the country, 

including the peak ground acceleration (PGA), which 

measures the maximum expected ground shaking during an 

earthquake, and the seismic hazard factor (SHF), which 

takes into account the local geological conditions and the 

potential for earthquake-triggered landslides and other 

secondary hazards. Based on these parameters, Morocco is 

divided into five seismic zones, ranging from Zone 0 (very 

low seismic hazard) to Zone 4 (very high seismic hazard). 

The seismic zones are determined based on the ground 

acceleration and the site conditions, and they are 

represented on a seismic zoning map of the country. The 

map also shows the variation of seismic hazard in terms of 

peak ground acceleration across the different zones, with 

Zone 4 having the highest value (greater than 0.4 g) and 

Zone 0 having the lowest (less than 0.05 g). Overall, the 

RPS 2011 code represents a significant step forward in 

ensuring the safety of buildings in Morocco against 

earthquake hazards. By using rigorous scientific and 

engineering principles, the code helps to mitigate the risks 

associated with seismic activity and provides a framework 

for designing and constructing buildings that can withstand 

earthquakes of varying intensity. The national seismic 

standard in Morocco has introduced two zoning maps for 

seismic activity: one for acceleration and another for 

velocity. The seismic velocities on the map range from 5 

cm/s to 17 cm/s, while the accelerations range from 0.04 g 

to 0.18 g, with an occurrence probability of 10% in 50 years. 

Figure 2 represents a seismicity map of Morocco [8], [18]. 

To perform a comprehensive analysis, the most vulnerable 

locations for each area are identified in Table 1 and 

analyzed globally. The map in Figure 3 illustrates the 

seismic zoning in relation to velocity, and displays the 

aforementioned areas. 

Table 1.  Examples of Seismic Areas [8] 

Area 
Seismic area 

velocity (m/s) 

Seismic area 

acceleration (%g) 

Example 

Areas 

A0 0,05 10 Aousserd 

A1 0,07 14 Marrakech 

A2 0,10 14 Tanane 

A3 0,13 18 Agadir 

A4 0,17 18 Nador 
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Figure 2.  Seismicity map of Morocco [12] 
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Figure 3.  Seismic Areas Visualization [8] 

3. Numerical Model 

In civil engineering, the appropriate design of a structure 

is essential to accurately compare different types of bracing 

systems. The Moroccan Paraseismic Regulation specifies 

which locations should be selected or avoided during the 

structure design phase for the placement of bracing systems. 

The structures shown in Figures 4, 5, and 6 comply with 

the minimum section requirements of the code. 

Design software programs such as E-Tabs and Revit 

Structures, which utilize building information modeling 

(BIM), are commonly used for the design and analysis of 

civil structures [19], [20]. Revit, which is one of the widely 

used BIM programs, utilizes Robot Structures as an 

external application for design, while ETABS serves as an 

analytical and design tool. To achieve the desired results, 

396 structures were designed using ETABS and REVIT 

Structure software separately. Figures 7, 8, and 9 depict the 

models of various types of bracing generated using the 

ETABS Structure software. On the other hand, Figure 10, 

11 and 12 represent the models modeled in Revit. In our 

study, we primarily used two software programs, Revit and 

ETABS. Revit enabled us to obtain the quantity takeoff, 

which includes the quantities of materials used. Meanwhile, 

ETABS allowed us to obtain stability results such as overall 

displacements [21]. 

 

Figure 4.  Structural Plan of Column Bracing (Design A) 

 

Figure 5.  Structural Plan of Mixed Bracing (Design B) 



 Civil Engineering and Architecture 11(6): 3430-3450, 2023 3435 

 

 

Figure 6.  Structural Plan of Shear wall Bracing (Design C) 

 

Figure 7.  Etabs 3D Models of Column Bracing 

 

Figure 8.  Etabs 3D Models of Mixed Bracing 

 

Figure 9.  Etabs 3D Models of Shear Wall Bracing 
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Figure 10.  Revit 3D Models of Column Bracing 

 

Figure 11.  Revit 3D Models of Mixed Bracing 

 

Figure 12.  Revit 3D Models of Shear Wall Bracing 

In accordance with Moroccan paraseismic regulations, it 

is necessary to adhere to specific design criteria to ensure 

structural integrity. One important requirement is that the 

distance between the center of mass and the center of 

rigidity, measured perpendicular to the direction of seismic 

forces, should not exceed 0.20 times the square root of the 

ratio of torsional stiffness to translational stiffness at each 

level of the building [8]. This provision is essential to 

prevent torsional issues that can arise due to misalignments 

in the structure's mass and rigidity distribution. 

When such misalignments occur and exceed the 

specified limit, it is imperative to reinforce the structural 

elements accordingly [22], [23]. This ensures that the 

building can effectively withstand the imposed seismic 

forces and maintain its stability and overall performance. 

By adhering to these design requirements, structures can be 

better prepared to resist torsional effects and minimize the 

risk of structural failure during seismic events. 

The models were created in such a way that the center of 

mass and the center of rigidity coincide. Additionally, 

Table 2 presents an assessment of the distribution of 

vertical forces on columns and shear walls to justify the 

type of bracing employed in each model. 
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Table 2.  Force Distribution on Columns, Shear Walls, and Combined 
Bracing 

Design % Fza on the shear walls Bracing type 

Design (A) 0,00 Column 

Design (B) 16,21 Combined 

Design (C) 69,49 Shear Wall 

aFz : Vertical forces 

4. Materials and Geometric 
Characteristics 

Several models were created to address the challenge, 

which was divided into two sections. In the first section, 

the models were constructed with the minimum sections 

required by the Moroccan seismic law, where columns 

were made using 25 * 25 (cm * cm) sections and shear 

walls were constructed with a thickness of 15 cm. In the 

second section, the load-bearing element sections were 

adjusted to ensure the models remained within reasonable 

limits and prevent excessive structural damage. The 

concrete buildings used in the different models possess the 

characteristics listed in Table 3. 

Table 3.  Material Characteristics 

Characteristic Value 

Column cross-section (25*25) to (100cm*100cm) 

Shear wall thickness 15 cm to 25 cm 

Beam cross-section (25*45) cm*cm 

The thickness of the solid slab 20 cm 

Story height H = 3m 

Concrete rigidity E = 32000 Mpa 

Poisson coefficient 0,2 

Specific weight 2,5 T/m3 

According to Moroccan seismic regulations, a wall is 

considered as such and not a column when its length 

exceeds four times its thickness. The minimum thickness 

permitted by the regulations is 15 centimeters [8]. 

Consequently, for our models with minimum sections, we 

employed walls with a thickness of 15 cm and a 

corresponding length of 60 cm (15 cm x 4). Figure 13 and 

Figure 14 illustrate sketches of columns and walls, 

respectively. 

 

Figure 13.  Sketch of the column with a section of 25x25 

 

Figure 14.  Sketch of the wall with dimensions 15x60 
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5. Response Spectrum Analysis (RSA) 

Response Spectrum Analysis (RSA) is an implemented 

technique in the ETABS software to evaluate structural 

responses to seismic loads. It entails determining the 

maximum response of a structure at different frequencies. 

ETABS accounts for both linear and nonlinear behavior 

during RSA, including material and geometric non-

linearities [24], [25]. Figure 15 presents the elastic response 

spectra at 5% damping, showcasing different soil types. 

Damping refers to the dissipation of energy in a structure 

during vibration, which helps regulate its response 

magnitude. Within ETABS, damping serves as a crucial 

parameter influencing the dynamic behavior of the 

structure. The 5% damping value utilized in this analysis 

represents a commonly employed damping ratio in seismic 

design, simulating realistic structural response. As 

previously mentioned, the national seismic standard 

incorporates two seismic zoning maps: one based on 

acceleration and the other based on velocity [26]. These 

maps consist of five seismic zones, with acceleration values 

ranging from 0.04 g to 0.18 g and seismic velocity ranging 

from 5 cm/s to 17 cm/s. The defined elastic response 

spectrum Se(T) can be found in Table 4. 

To align the response spectra with a historical 

earthquake, the SeismoMatch software was employed. It 

utilizes a matching algorithm to compare recorded ground 

motion with a database of past earthquakes. Real seismic 

data from Ghiss and Zeghanghane earthquakes were 

utilized. Figure 16 illustrates the normalized response 

spectra for the S2 soil type, along with the corresponding 

matched response spectra [27]. 

The study that has been conducted for Nador has also 

been undertaken for other cities, namely Aousserd, 

Marrakech, Tanane, and Agadir. 

Table 4.  Seismic acceleration values based on the national seismic 
standard [8] 

Za/Zv 

Ratio* 

0 ≤ T ≤ 

0,25 

0,25 ≤ T ≤ 0, 5 
0,5 ≤ T 

Za/Zv > 1 1,9.S.ag** 1,9.S.ag 

1,20.ag.S 

/ (T)2/3 
Za/Zv = 1 2,5.S.ag (-2,4.T + 3,1).S.ag 

Za/Zv < 1 3,5.S.ag (-6,4.T + 5,1).S.ag 

*Za is the acceleration value and Zv is the velocity value corresponding 
to the seismic zone. **S is the soil factor 

 

Figure 15.  Normalized Response Spectra of the Moroccan paraseismic regulation RPS 2011 for Nador city [8]. 

 

Figure 16.  Normalized Response Spectra of the Moroccan paraseismic regulation RPS 2011 for Soil S2 and its Matched Response Spectra. 
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6. Results and Discussion 

6.1. Global Displacements 

When designing and sizing structures in seismic areas, it 

is essential to consider the amplitude of global lateral 

displacements, as it determines how well a building can 

resist damage caused by earthquakes. Therefore, careful 

study of drift and lateral deformation is necessary during 

the construction design phase to prevent excessive 

deformation [27]. In this study, we assessed the stability of 

various structures complying with the minimum sections 

required by Moroccan Paraseismic Regulation RPS 2011. 

We varied the type of bracing, building height, and seismic 

area and subsequently modified the load-bearing element 

sections until global displacements met the RPS 2011 

requirement. 

The presented global lateral displacement refers to the 

displacement at each level rather than the inter-story drift. 

However, it is worth noting that we can easily obtain the 

inter-story drift ratio, which is a crucial design criterion, 

based on these results. The Moroccan Paraseismic 

Regulation RPS 2011 provides the following equation for 

calculating the inter-story drift ratio: Inter-story Drift = 

((Di+1 – Di) / h) [8]. 

In the equation, h represents the story height, Di+1 

represents the displacement of the upper level, and Di 

represents the displacement of the lower level. 

According to Figures 17 through 28, it can be observed 

that shear wall bracing is the safest option compared to 

mixed and column bracing in all seismic areas and different 

model heights. The use of minimal sections as per the 

Moroccan Paraseismic Regulation (RPS 2011) shows that 

shear wall and mixed bracing are stable for all heights 

within seismic area A0, while column bracing is only stable 

for 3-story and 6-story structures. In seismic zone A1, shear 

wall bracing is stable for all heights, while mixed bracing 

is stable only for 3 and 6-story structures. However, neither 

column bracing nor mixed bracing systems are stable for 

all structures in seismic zones A2, A3, and A4. Nonetheless, 

shear wall bracing is stable within area A2 for 3-story and 

6-story heights and in area A3 for 3-story buildings. 

The results indicate that the selection of the appropriate 

bracing system is critical for structures located in higher 

seismic zones. The use of mixed bracing systems is limited 

and not always sufficient to ensure structural stability in all 

scenarios. Therefore, designers need to consider the 

suitability of each type of bracing system for each specific 

structure and seismic zone, taking into account the height 

and other relevant factors to ensure safety and durability. 

 

Figure 17.  Global Displacements of 3-Story High Structures with Column Bracing 
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Figure 18.  Global Displacements of 3-Story High Structures with Mixed Bracing 

 

Figure 19.  Global Displacements of 3-Story High Structures with Shear Wall Bracing 
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Figure 20.  Global Displacements of 6-Story High Structures with Column Bracing 

 

Figure 21.  Global Displacements of 6-Story High Structures with Mixed Bracing 
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Figure 22.  Global Displacements of 6-Story High Structures with Shear Wall Bracing 

 

Figure 23.  Global Displacements of 9-Story High Structures with Column Bracing 
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Figure 24.  Global Displacements of 9-Story High Structures with Mixed Bracing 

 

Figure 25.  Global Displacements of 9-Story High Structures with Shear Wall Bracing 
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Figure 26.  Global Displacements of 12-Story High Structures with Column Bracing 

 

Figure 27.  Global Displacements of 12-Story High Structures with Mixed Bracing 
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Figure 28.  Global Displacements of 12-Story High Structures with Shear Wall Bracing 

6.2. Structural Mass Comparison 

To conduct a more comprehensive analysis, we adjusted 

the dimensions of the load-bearing elements in the 

structures to compare their global displacements with the 

displacement limit set by RPS 2011, which is 0.4% of the 

total height. The objective of this analysis is to ensure that 

the global displacements of all structures comply with the 

limitations outlined in the seismic code. Additionally, we 

compared the structures based on their added mass. 

We carried out an iterative study, where we modified the 

dimensions of the columns and walls for each variant and 

verified the global displacement. If the displacement met 

the specified criteria, we adjusted the sections to achieve 

the desired displacement limit. However, if the 

displacement still did not meet the requirements, we further 

increased the sections until reaching our objective. This 

iterative process allowed us to optimize the dimensions of 

the load-bearing elements while maintaining compliance 

with the specified global displacement limitations.  

Figures 29 through 33 reveal the following observations: 

• In seismic area A0, where seismic activity is low, the 

type of bracing used is of little importance as all 

structures' global displacements at different heights 

comply with the regulation criteria, except for column 

bracing in structures taller than 6 stories, which requires 

a negligible increase in mass of 1% to verify the criteria. 

Therefore, we can recommend all types of bracing for 

structures up to 36m (12 stories) in this area. 

• In seismic area A1, structures' global displacements 

from 0m to 36m (12 stories) comply with the Moroccan 

paraseismic regulation's minimal sections for shear wall 

bracing without any increase in mass. For mixed bracing, 

this is true up to 21m (7 stories or less). However, 

column bracing requires an increase in mass of 1% to 

2.28%, and mixed bracing requires an increase in mass 

of less than 2% for structures of height inferior to 18m 

(6 stories). Therefore, all types of bracing are 

recommended up to 36m in this area, considering that an 

increase in mass of 2.28% is negligible, especially with 

the flexibility of having a free choice of bracing systems, 

given that shear walls have architectural constraints. 

• In seismic area A2, shear wall bracing systems 

require only minimal constraints to verify global 

displacements for structures of 3 and 6 stories, whereas 

other systems require an increase in mass ranging from 

0.75% to 3.75%. For structures taller than 6 stories, shear 

wall bracing requires an increase in mass ranging from 

0.50% to 1.80%, mixed bracing requires an increase in 

mass ranging from 2.75% to 4%, and column bracing 

requires an increase in mass ranging from 5% to 7%. As 

a result, our recommendation is to employ column 

bracing solely for structures with a height of up to 21m 

(7 stories) in this region, while other systems can be used 

for heights exceeding 7 stories. 

• In seismic area A3, verification is assured for shear 

wall bracing systems with an increase in mass ranging 

from 0% to 10%, depending on height, an increase in 

mass ranging from 1.7% to 15% for mixed bracing, and 

3.7% to 16.3% for column bracing. Hence, our 

suggestion is to employ column bracing solely for 

buildings with a height of less than 21m (7 floors) in this 

region, whereas for structures with 7 floors or more, 

shear wall bracing is considered safer than mixed 
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bracing. 

• In seismic area A4, global displacements are verified 

for column and mixed bracing with an increase in mass 

ranging from 3.88% to 50% above 3 stories, whereas for 

shear wall bracing, the increase in mass ranges from 0.5% 

to 10.5%. If the acceptable increase in structural mass is 

set at 10%, column bracing can be used for buildings up 

to 3 stories, while mixed bracing can be used for 

buildings up to 6 stories. However, shear wall bracing 

can be used for any structure of any height in this area. 

 

Figure 29.  A summary of the mass before and after verification for all levels in seismic zone A0. 

 

Figure 30.  A summary of the mass before and after verification for all levels in seismic zone A1. 
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Figure 31.  A summary of the mass before and after verification for all levels in seismic zone A2. 

 

Figure 32.  A summary of the mass before and after verification for all levels in seismic zone A3. 
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Figure 33.  A summary of the mass before and after verification for all levels in seismic zone A4. 

7. Conclusions 

It can be concluded that load-bearing structures (shear 

wall, column, or mixed bracing) can be used in earthquake-

resistant buildings if appropriate construction techniques 

are followed, but their responses to earthquakes differ 

significantly. Moroccan seismic regulations lack 

specifications on which type of bracing to use for a 

structure based on its specifications such as height or 

seismic area. This gap exists because no research has been 

conducted in this area. Therefore, a study was conducted 

on 396 models with three types of bracing (column, shear 

wall, and mixed) within the five seismic areas designated 

by the legislation with a height restriction of 36 meters and 

a conventional architectural design. 

After verifying the stability of the structures according 

to regulation standards, it was determined that guidelines 

should be established to specify which bracing systems to 

use to design secure and ideal structures while considering 

the structure's height and seismic area. Based on the study's 

findings, all types of bracing can be used for constructions 

shorter than 36m in seismic areas A0 and A1. For seismic 

areas A2 and A3, column bracing is a suitable option for 

buildings with a height of six stories or less. Shear wall or 

mixed bracing is required for higher structures, with shear 

wall bracing being the safer and more ideal option. Column 

bracing is recommended for structures with a maximum of 

three stories in seismic area A4. For structures with a 

maximum of six stories, mixed bracing is recommended, 

and for structures with more than six stories, shear wall 

bracing is recommended.  

This study provides valuable insights into the behavior 

of different types of bracing systems under seismic loads in 

various seismic areas in Morocco. By analyzing the 

stability of structures with different bracing types and 

heights in each seismic area, the study offers specific 

recommendations for designers on the appropriate use of 

bracing systems. These findings can serve as valuable 

resources for designers, as they can help ensure the safety 

and stability of structures in seismic areas, which is crucial 

for protecting human lives and property. 

Furthermore, these findings can also assist in the 

revision of Moroccan regulations related to seismic design. 

The lack of specificity in the current regulations regarding 

the type of bracing to use based on the structure's 

specifications poses a potential risk to the safety and 

stability of structures in seismic areas. Therefore, the 

recommendations provided by this study can help update 

the regulations to ensure that designers follow appropriate 

guidelines for bracing system selection based on the 

structure's height and seismic area. 

The study can be expanded to incorporate experimental 

investigations and numerical simulations that consider 

realistic forces, such as the pounding effect of adjacent 

structures. Additionally, parameters like P-delta effects, 

ground motion angle of incidence, and various structural 

systems can be incorporated into this study. Moreover, 

introducing building irregularities can enhance the 

comprehensiveness of the analysis. 
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