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Abstract - In civil engineering, the design and construction of earthquake-resistant structures remain
a top priority, particularly in regions prone to seismic activity. This study examines the dynamic
relationship between the positioning and dimensions of shear walls and their influence on the selection
of appropriate bracing systems, aiming to optimize structural performance and cost-effectiveness. The
central issue addressed in this study is the complex decision-making process faced by civil engineers
and architects when designing earthquake-resistant buildings. While the seismic role of shear wall
positioning is well recognized, the interaction between their dimensions and the choice of bracing
systems has been less comprehensively explored. This study aims to tackle the complex challenge of
shear wall positioning and stiffness in relation to bracing system selection, ultimately promoting
improved seismic design practices in civil engineering. The aim of this work is to establish
optimization models for the quantity of shear walls in each individual seismic direction. This
prediction is carried out using the machine learning method, with estimation performed by the
artificial neural network (ANN) algorithm. Additionally, a parametric study is conducted to determine
the quantity of shear walls while selecting the bracing system based on the vertical and horizontal
loads supported by the shear walls. The study revealed that for optimal layout, shear walls should be
placed along the perimeter of the architectural plan, allowing for better distribution of seismic forces
and reduced torsional effects. Moreover, it is crucial to combine frames with shear walls positioned in
the opposite seismic direction. This configuration ensures that the bracing system remains in category
(4b), thereby maximizing seismic resistance efficiency.

Keywords: Shear walls, Position, Stiffness, Seismic Resistance, Bracing System.

Résumeé - En génie civil, la conception et la construction de structures résistantes aux séismes restent
une priorité, en particulier dans les régions sujettes a une forte activité sismique. Cette étude examine
la relation dynamique entre la position et les dimensions des voiles et leur influence sur le choix des
systemes de contreventement appropriés dans le but d'optimiser les performances structurelles et la
rentabilité. La problématique centrale abordée dans cette recherche est le processus décisionnel
complexe auquel sont confrontés les ingénieurs civils et les architectes lors de la conception de
batiments résistants aux séismes. Bien que le réle sismique de la position des murs de cisaillement soit
largement reconnu, l'interaction entre leurs dimensions et le choix des systémes de contreventement a
été moins explorée en profondeur. Cette étude vise a relever le défi complexe de la disposition et de la
rigidité des murs de cisaillement en lien avec la sélection des systémes de contreventement, dans
I’objectif d’améliorer les pratiques de conception sismique en génie civil. Le but de ce travail est de
développer des modeles d'optimisation pour la quantité de voiles dans chaque direction sismique
spécifique. Cette prévision est réalisée en utilisant la méthode d'apprentissage automatique, avec une
estimation effectuée par l'algorithme du réseau de neurones artificiels (ANN). En outre, une étude
paramétrique est menée pour déterminer la quantité des voiles tout en choisissant le systeme de
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contreventement en fonction des charges verticales et horizontales supportées par les murs de
cisaillement. L'étude a révélé que, pour une disposition optimale, les murs de cisaillement devraient
étre placés le long du périmétre du plan architectural, permettant ainsi une meilleure répartition des
forces sismiques et une réduction des effets de torsion. De plus, il est crucial de combiner des cadres
avec des voiles placés dans la direction sismique opposée. Cette configuration garantit que le systéme
de contreventement reste dans la catégorie (4b), maximisant ainsi I'efficacité de la résistance sismique.

Mots - clés : voiles, Position, Rigidité, Résistance sismique, Systeme de contreventement.

1-Introduction

The optimization of earthquake-
resistant building design is a critical concern in
civil engineering, particularly in regions prone
to seismic activity [1]. Structural bracing often
employs reinforced concrete walls due to their
strong resistance to lateral forces. While the
importance of shear wall positioning in
enhancing the seismic performance of
structures is well-established [2-3], the complex
interplay between the dimensions of these walls
and the choice of bracing systems remains less
thoroughly examined. The capacity of a
building to withstand seismic loads is not only
dependent on the presence of shear walls but
also on how their dimensions and arrangement
interact with other structural elements, such as
bracing systems. In the international technical
literature, it is possible to find numerous
references involving seismic studies [4-13].
Tarigan et al. (2018) examined the impact of
shear wall placement on the seismic resistance
of RC buildings. The study found that placing
shear walls symmetrically at the core
significantly reduced lateral displacement and
story drift, offering the best performance
compared to other configurations [14].
Research by Chen et al. (2020) highlights that
appropriately sized shear walls significantly
improve energy dissipation and overall
stiffness, which are key to better performance
during seismic events [15]. Similarly,
Mangalathu et al. (2020) emphasize the
importance of carefully considering wall
dimensions to prevent catastrophic failures
[16]. Bracing systems also play a vital role in
stabilizing structures against lateral forces, with
their selection often guided by building
characteristics and specific seismic demands.
Chen et al. further demonstrate that combining
shear walls with energy dissipators enhances
the ability to absorb seismic energy, while
Mangalathu et al.'s use of machine learning to
identify optimal bracing configurations that

complement shear wall dimensions underscores
the importance of these elements working in
synergy [15-16]. In a study conducted by Sayed
(2021), the seismic performance of symmetrical
multistory reinforced-concrete (RC) buildings
was evaluated with a focus on the effects of
various in-plane shear wall configurations. The
analysis  revealed that central  core
configurations increase seismic demands, while
perimeter configurations better reduce forces.
The study highlights the importance of strategic
shear wall placement for improved seismic
resilience and cost efficiency [17]. The study by
Khelaifia et al. (2024) highlights the importance
of both the position and quantity of shear walls
in optimizing a structure's ability to withstand
seismic activity. Their research shows that
strategically  placed and  appropriately
distributed shear walls significantly improve a
building's resistance to seismic  forces.
However, adding too many shear walls can lead
to diminishing returns, suggesting an optimal
balance is necessary [18].

Current research has primarily focused
on the benefits of placing shear walls
symmetrically to balance seismic forces and
minimize torsional effects, contributing to
overall structural stability. However, the critical
role of wall stiffness and how it integrates with
the selected bracing system to influence the
building's  seismic  response has been
underexplored. An overly stiff shear wall can
lead to stress concentrations and potential
failure at specific points, particularly at the
base, whereas an insufficiently stiff wall may
not adequately control lateral displacements,
risking structural collapse. This research aims
to fill the gap by examining the interaction
between the dimensions of shear walls and the
selection of bracing systems to optimize the
seismic resistance of buildings. Understanding
this interplay is essential for developing design
strategies that not only ensure safety and
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stability but also adhere to practical design and
cost constraints.

2- Reference structure description

The structure studied in this paper is a six-
story reinforced concrete building, designed to be
braced with shear walls, as shown in Fig. 1, with a
storey height of 3,06m. It is located in a seismic
zone |1, following the standards of the Algerian
seismic code RPA99/V2003 [19]. The numerical
modeling of this structure was conducted using
the ETABS V9 software [20], allowing for an
analysis of its dynamic behavior. The
characteristics of the materials initially considered
are, 25 MPa for the compressive strength of the
concrete and 400 MPa for the yield strength of the
reinforcement. The floors are composed of beams
and hollow blocks (16+4) cm, which are
considered as infinitely rigid diaphragms,
contributing to the overall stability of the building.
The structural elements, such as columns and
beams, were dimensioned in accordance with the
applicable regulations [21], with particular
attention given to seismic resistance. The
geometric configurations and the quantities of
reinforcement obtained for the load-bearing
elements of the building are presented in Fig. 2.
The structure exhibits irregularities in its plan,
necessitating complex and precise modeling to
accurately assess the natural frequencies of
vibration and the forces induced by seismic
activity.

Figure 1: Plan view of the studied structure

Figure 1 : Vue en plan de la structure étudiée
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Figure 2: Reinforcement Details

Figure 2 : Détails des armatures
3- Justification of the bracing system

The RPA 99 - 2003 Version [19]

stipulates that for bracing system 2, the shear
walls carry more than 20% of the stresses caused
by vertical loads. In contrast, for systems 4a and
4b, the shear walls carry at most 20% of the
stresses caused by vertical loads. In fact, in the
event of a strong earthquake, when the structure
undergoes nonlinear deformations,
vertical loads (more than 20% according to the
RPA) on the shear walls can cause instabilities
that may lead to a reduction in ductility and
deformation capacity. These
manifest as buckling of the compressed ends of
the shear walls or as buckling of the longitudinal
reinforcements at the ends. As a result, bracing
system 2 is considered the least ductile (R=3.5)
compared to systems 4.a (R=5) and 4.b (R=4).

significant

instabilities can
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Therefore, according to the RPA, the first
classification criterion is to verify the load-bearing
capacity of the shear walls concerning vertical
loads to determine if it exceeds 20% of the
building's total vertical loads. On the other hand,
the fundamental difference between bracing
systems 4a and 4b is that system 4b is limited to
buildings with a height of less than 10 stories or a
maximum of 33 meters. Thus, according to the
RPA, for frame-wall structures taller than 10
stories (or 33 meters), the effect of frame-wall
interaction must be considered (R=5) [19].
However, for buildings with shear walls and
frames that are less than 10 stories or a total
height of less than 33 meters, the RPA does not
provide an explicit selection criterion. It would be
prudent to consider system 4b for buildings less
than 10 stories high (or 33 meters) where the
shear walls carry less than 20% of the vertical
loads [19].

4- Influence of Shear Wall Position
and Rigidity on Bracing System Selection

To optimize the selection of a bracing
system, a detailed analysis of different building
variants is crucial. These variants, despite having
identical architectural plans, differ in the
arrangement and thickness of shear walls (Fig. 3),
which are key to ensuring structural stability. By
varying wall thicknesses and configurations, the
study evaluates their impact on overall structural
performance.

.
st N
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Corner Periphery Centered
Coin Périphérie Centré
Mixed piffe_rent thicknesses
Mixé Epaisseurs différentes
Figure 3: configurations of different shear wall

location

Figure 3 : Configurations de différentes
positions des voiles

A total of 310 variants were designed and
analyzed to identify the most suitable bracing
system, ensuring a robust construction that meets
specific project requirements. The study includes
walls with thicknesses of 15 cm, 20 cm, 25 cm,
and 30 cm to enable precise performance
comparisons.

4.1- Vertical load taken by the walls

In the first phase of our study, we
modeled the 310 variants using a category (4b)
bracing system according to the Algerian
seismic code. The key condition for these
variants is that the vertical load carried by the
bracing walls must not exceed 20% of the total
vertical load [19]. Variants that did not meet
this condition were reclassified to category (2),
corresponding to load-bearing walls. The study
revealed that 120 variants failed to meet the
required condition, designated by the letters
NV, while 190 variants complied, designated
by the letter V. Optimal variants, with load
transfer under 20%, ensure the study's
effectiveness, while suboptimal variants exceed
20% for superior structural performance.

The pie chart in Fig. 4 shows the
percentage of vertical load carried by different
bracing wall variants, with higher percentages
indicating better seismic resistance. Variants
exceeding 20% are reclassified from category
(4b) to category (2).

Figure 4: Percentage of the vertical load taken
by the walls of the optimal and sub-optimal
variants

Figure 4 : Pourcentage de la charge verticale
supportée par les voiles des variantes optimales
et sous-optimales
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Fig. 5a indicates that increasing the
number of walls improves vertical load
distribution. Fig. 5b demonstrates that while
increasing wall thickness generally improves
vertical load support, the increase in horizontal
load capacity is not always linear, with only
slight differences observed between 15/20 cm
and 25 cm thicknesses.
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Figure 5: Comparison of the vertical load taken
by the walls

Figure 5 : Comparaison de la charge verticale
supportée par les voiles

4.2- Horizontal load taken by the walls

In the second phase of our study, we
examined a new regulatory condition for the
190 variants that passed the first phase. These
variants were designed using a category (4b)
bracing system under the Algerian seismic
code. We specifically verified that the entire
horizontal load is supported exclusively by the
bracing walls. If a variant failed this
requirement, it was reclassified to category (2),
where the walls act as load-bearing elements.
Figs. 6-7-8 illustrate the effectiveness of
bracing walls in supporting horizontal seismic
loads. Higher percentages in pie charts indicate

better efficiency, with variants below 75%
reclassified to a different category. Thicker
bracing walls generally improve load support
but also increase material usage. The position of
the walls within the structure affects their
ability to carry horizontal loads, with the XX
direction showing higher load support than the
YY direction. Wall thickness and position are
crucial factors in designing earthquake-resistant
structures.

() YY

Figure 6: Percentage of the vertical load taken
by the walls of the optimal and sub-optimal
variants

Figure 6 : Pourcentage de la charge verticale
supportée par les voiles dans les variantes
optimales et sous-optimales

The study found that out of 190
variants, 154 did not meet the second seismic
regulation condition, which requires bracing
walls to support all horizontal loads. Variants
V3 and V4 fully complied, while V134, V135,
and V161 only met the condition in the XX
direction, and 31 other variants only in the YY
direction (see Appendix A). The 36 compliant
variants had walls placed exclusively at the
ends of the architectural plan, optimizing
seismic  resistance and stability  while
minimizing the impact on interior space
flexibility.
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Figure 7: Comparison of the vertical load taken
by the walls according to quantity

Figure 7 : Comparaison de la charge verticale
supportée par les voiles en fonction de la
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Figure 8: Comparison of the vertical load taken
by the walls according to position

Figure 8 : Comparaison de la charge verticale
supportée par les voiles en fonction de leur
position

4.3- Checking
seismicity

gantries for reduced

In the third phase of the study, the focus
is on verifying the third regulatory condition for
36 category (4b) bracing system variants that
have already met the first two conditions under
the Algerian seismic code. This phase aims to
assess the frames' ability to withstand
horizontal loads representing 25% of the total
horizontal effort [19]. For each seismic
direction meeting the initial conditions of
seismic regulations, we follow a modeling
procedure that involves: first, removing shear
walls to isolate the effect of frames in that
direction; second, applying a reduction factor of
0.25 to the initial seismic load, which only
affects the frames and ensures that any
remaining shear walls support at least 75% of
the load; and finally, verifying the stability and
shear resistance at the base of the frames to
ensure the structure can withstand seismic
forces effectively. The results indicate that
among the 36 variants tested, frames braced by
load-bearing shear walls met the seismic
regulations effectively. For frames to withstand
25% of the total seismic load, they must be
paired with shear walls in the opposite seismic
direction. This strategic configuration ensures
optimal force distribution and enhances the
structure's stability and resistance by utilizing
the combined strengths of the shear walls and
frames.

5- Predictive ANN models

The performance of artificial neural
network (ANN) models is influenced by
network topology and learning parameters [22-
28]. Topology includes the number of inputs,
outputs, hidden layers, and neurons per hidden
layer, while learning parameters involve the
algorithm, performance function, transfer
functions, maximum error, and learning cycles
[29-31]. There are no fixed rules for setting
these parameters, so trial and error is often
used. The backpropagation network, trained
with the Levenberg-Marquardt algorithm, was
used for developing models [32]. ANNS,
inspired by the human brain, consist of
interconnected nodes organized in layers [33-
35]. Optimal performance for predicting
bracing shear wall quantities is achieved with
an architecture of two hidden layers, each with

http://revue.enstp.edu.dz/

Editée sous licence CC BY-NC-ND http://creativecommons.fr

29

DJAFAR-HENNI I., SADOUKI A., MEDDAH B., CHAIB M.


file:///J:/MOHAMED/Desktop/60/www.enstp.edu.dz/revue
file:///J:/MOHAMED/Desktop/60/www.enstp.edu.dz/revue
file:///J:/MOHAMED/Desktop/60/www.enstp.edu.dz/revue
file:///J:/MOHAMED/Desktop/60/www.enstp.edu.dz/revue
http://creativecommons.fr/

ALGERIE EQUIPEMENT

e-ISSN: 2716-7801

Janvier 2025, N° 72 : 24-34

10 neurons (Fig. 9). Input parameters are the
ratios of vertical and horizontal loads, with
shear wall quantity as the output.

Hidden layer 1~ Hidden layer 2
Couche cachée 1 ~ Couche cachée 2

Input parameters
Paramétres d'entrée Output parameter

Paramétre de sortie

Figure 9: Architecture used in the ANN model

Figure 9 : Architecture utilisée dans le modéle
ANN

Fig. 10 effectively illustrates this
performance for each seismic direction XX and
Y'Y, respectively. From these figures, it is clear
that the good distribution of data points is along
the diagonal (X=Y) of the best-fit line, where
an ideal agreement between prediction points
and experimental results is achieved. This is
confirmed by the slope of the linear trend line
being equal to 0.94. This distribution falls
within an error margin not exceeding 35%
relative to the best-fit line. The results also
show that these predictions provide a better
coefficient of determination R? = 0.95 and 0.94,
as well as a better error in terms of root mean
square error (RMSE) = 0.66 and 0.68, and a
standard deviation (SD) = 32.87% and 33.94%
for the X and Y directions, respectively.
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Figure 10: Performance of the ANN models for
predicting shear wall quantities

Figure 10 : Performance des modéeles (ANN)
pour prédire les quantités des voiles

4- Parametric study

In this section, we conduct a parametric
analysis of the input variables to explore their
correlations with the quantity of bracing shear
wall, regardless of the bracing system. Using an
artificial neural network (ANN) to predict
models for each seismic direction, we precisely
examine the impact of parameters such as the
vertical load ratio and the horizontal load
supported by the bracing shear walls on the
guantity of shear walls, in order to facilitate the
selection of the bracing system.

Figs. 11 and 12 show how the
horizontal load ratio affects the quantity of
bracing shear walls for two bracing system
categories (4b and 2) across two seismic
directions (XX and YY). For the analysis,
vertical load values are kept constant at three
levels for each system type. Results indicate
that increasing both the vertical and horizontal
load ratios increases the quantity of bracing
shear walls. Specifically, for system (4b), the
number of shear walls remains constant for
horizontal loads below 85%, while for system
(2), it remains unchanged for horizontal loads
above 95% and 90%, regardless of vertical
load.
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Figure 11: Effect of the vertical load ratio for a
bracing system (4a)

Figure 11 : Effet du rapport de charge verticale
pour un systeme de contreventement (4a)
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Figure 12: Effect of the vertical load ratio for a
bracing system (2)

Figure 12 : Effet du rapport de charge verticale
pour un systeme de contreventement (2)

Figs 13 and 14 show how the vertical
load ratio affects the quantity of bracing shear
walls for two bracing system categories (4b and
2) in seismic directions XX and Y. Increasing
both vertical and horizontal load ratios leads to
a proportional increase in the quantity of
bracing shear walls. For system (4b), the
number of shear walls varies by up to 12% with
a maximum increase of 1.8 m2. For system (2),
the quantity remains constant for horizontal
loads in direction XX but can increase
significantly (up to 5 m?) by 39% in direction
YY.
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Figure 13: Effect of the horizontal load ratio
for a bracing system (4a)

Figure 13 Effet du rapport de charge
horizontale pour un systéeme de
contreventement (4a)
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Figure 14: Effect of the horizontal load ratio
for a bracing system (2)

Figure 14 : Effet du rapport de charge
horizontale pour un systéme de
contreventement (2)

4- Conclusion

This research has focused on
optimizing the design of earthquake-resistant
buildings by examining the interplay between
shear wall placement, wall dimensions, and
bracing systems. The study involved a
comprehensive analysis of 310 building
variants, taking into consideration the effects of
both wvertical and horizontal loads on the
seismic performance of structures. Through the
use of artificial neural networks (ANNs) and a
detailed parametric study, we have provided
insights into how these variables influence the
overall stability and resistance of buildings in
seismic zones. The principal findings of this
study are summarized as follows:

. The study confirmed that placing shear
walls along the perimeter of the architectural
plan significantly enhances the distribution of
seismic forces and reduces torsional effects.
Specifically, variants with shear walls at the
ends of the plan demonstrated superior seismic
resistance.

. The research indicated that increasing
the thickness of shear walls generally improves
their ability to support vertical loads. For
instance, variants with wall thicknesses of 25
cm and 30 cm showed better performance in
both vertical and horizontal load support, with a
reduction in the reclassification from category
4b to category 2.

. The analysis revealed that bracing
systems categorized under 4b are more effective
in supporting seismic loads when the shear
walls carry less than 20% of the total vertical
load. Approximately 190 of the 310 variants
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met this condition, ensuring optimal structural
performance.

. The study found that increasing the
number of shear walls improved the distribution
of vertical loads, with optimal variants carrying
less than 20% of the vertical load. The
horizontal load capacity also showed
improvement, particularly in the XX seismic
direction, where a wall thickness increase from
15 cm to 30 cm resulted in a more stable load
distribution.

. The use of artificial neural networks
demonstrated high accuracy in predicting the
guantity of shear walls required for optimal
seismic resistance. The ANN model achieved a
coefficient of determination R2R"2R2 of 0.95
and 0.94 in the XX and YY directions,
respectively, with a root mean square error
(RMSE) of 0.66 and 0.68, indicating a strong
correlation between predicted and actual
results.n this section, we conduct a parametric
analysis of the input variables to explore their
correlations with the quantity of bracing shear
wall, regardless of the bracing system. Using an
artificial neural network (ANN) to predict
models for each seismic direction, we precisely
examine the impact of parameters such as the
vertical load ratio and the horizontal load
supported by the bracing shear walls on the
quantity of shear walls, in order to facilitate the
selection of the bracing system.
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Appendix A. Description of the final 36 variants

Fig. Al shows the 36 variants with wall arrangements exclusively at the ends of the architectural plan
that satisfy the second regulatory condition. This specific configuration is chosen to optimize the
structure's resistance and stability against seismic loads.
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Figure Al: Variants satisfying the first two regulatory conditions of the bracing system (4b)

Figure Al : Variantes satisfaisant les deux premiéres conditions réglementaires du systéme de
contreventement (4b)
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