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Available online 01 January 2026 walls into T, L, or I-shaped configurations. Due to their three-dimensional efficiency, T-
shaped shear walls can provide seismic resistance in both principal directions of a
building. In this study, an economic comparison was conducted between rectangular and
T-shaped reinforced concrete shear walls in steel-frame tall buildings. The results showed
that T-shaped shear walls are economically superior to rectangular ones, as they require
less material while achieving smaller deformations. Moreover, T-shaped walls do not
impose significant architectural or construction challenges, as their geometry facilitates the
integration of functional elements such as elevator shafts.

1. Introduction

Rapid urbanization, population growth, and economic demands have driven the construction of tall buildings worldwide [1-3].
Designing these structures requires balancing safety, performance, and cost-effectiveness [4, 5]. Selecting efficient lateral load-
resisting systems is crucial to control wind and seismic forces while minimizing construction and maintenance costs [6, 7]. Dual
systems combining steel moment frames and reinforced concrete shear walls are widely used. Steel frames offer high strength-to-
weight ratios and ductility, while concrete shear walls provide significant lateral stiffness, controlling displacements and enhancing
stability [8, 9]. Hybrid frame—shear wall systems leverage both advantages, enabling resilient and economical designs for buildings
typically ranging from 20 to 60 stories [10-12]. Shear wall layout critically affects structural performance. Transforming
conventional rectangular walls into T, L, or I-shaped configurations improves lateral and torsional stiffness. T-shaped walls, in
particular, exhibit superior three-dimensional performance, reduce lateral displacements, and allow for more economical designs by
better force distribution and reduced steel requirements [13, 14].

In recent years, significant attention has been paid to the seismic behavior of T-shaped shear walls. Lefas et al. tested thirty full-
scale walls under combined axial and lateral loads, examining the effects of parameters such as height-to-width ratio, axial load,
concrete strength, and horizontal reinforcement. Their results indicated that wall strength largely depends on concrete in
compression zones, while these zones enhance load-carrying capacity [15, 16]. Thompsen and Wallace observed that when the wall
flange is under compression, the ductility is significantly higher, whereas tensioned flanges exhibit a more brittle behavior [17].
Brueggen’s tests on two steel-concrete composite walls showed lower displacement capacity in T-shaped walls compared to
rectangular or symmetrically flanged walls, emphasizing careful free-edge design [18]. Pin-Le and Qing-ning identified the web
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region as the main weak point, with failures resulting from concrete crushing and steel yielding under cyclic loading [19]. Lu and
Yang reported flexural failures at the free-edge web of narrow steel-concrete walls and emphasized the need for adequate
confinement under increasing axial loads [20]. Ji et al. compared Chinese and American design codes, revealing that GB 50011-
2010 underestimates boundary element lengths without flanges, potentially causing premature failure [21]. Lan et al. demonstrated
that T-shaped composite walls perform well under 45° angled loading; while higher axial loads increase strength, they limit ductility
[22]. Building on the findings of the aforementioned studies, more recent research has focused on innovative arrangements and
complex loading patterns. Brueggen et al. suggested that uniform distribution of longitudinal reinforcement across the flange, rather
than concentrating it in boundary elements, reduces shear lag, crack width, and overall damage in T-shaped reinforced concrete
walls under multiaxial loading [23].

Recent advances have emphasized the crucial role of shear wall configuration in the seismic performance of tall buildings.
Rahimi and Bargi [24] performed a comparative study on tall buildings with rectangular and T-shaped reinforced concrete shear
walls within dual systems. Their results indicated that optimal performance occurs when shear walls are placed in intermediate
frames, as this configuration minimizes displacements in both principal directions and achieves a more balanced stiffness
distribution. Furthermore, T-shaped walls consistently outperformed rectangular walls in both linear and nonlinear analyses,
exhibiting reduced roof displacements and inter-story drifts. This improvement was attributed to the higher moment of inertia of T-
shaped walls in the plan layout, which provides greater stiffness and seismic resilience. These findings suggest that T-shaped shear
walls can offer a more efficient lateral load-resisting system in high seismic zones, motivating further investigations into their
application and potential optimization in tall building design.

In the present study, an economic comparison was conducted between rectangular and T-shaped reinforced concrete shear walls
in steel frame tall buildings with 10, 20, and 30 story heights. The analysis was performed for two seismic zones with design base
acceleration ratios of A = 0.35 and A = 0.5 to evaluate the effect of varying seismic hazard on the selection and optimization of
lateral load-resisting systems. Buildings with 10, 20, and 30 stories represent typical tall structures in the country. The inclusion of
A =0.5alongside A =0.35 is motivated by the presence of areas that are located near active faults and thus experience higher seismic
risk. Moreover, the critical importance of tall buildings necessitates a more detailed assessment under severe seismic conditions.

2. Methodology

2.1. Geometrical properties of buildings

Figs. 1 to 3 illustrate the three-dimensional view and floor plan of the 10, 20, and 30-story buildings. Each building consists of
five bays with a span length of 6 m in both longitudinal and transverse directions. The height of all buildings is 3.5 m. The structural
modeling was carried out in three dimensions.

Fig. 1. Three-dimensional view and floor plan of the 10-story building frame.

2.2. Assumptions and modeling details

Three-dimensional modeling and response spectrum dynamic analysis serve as powerful tools for predicting the seismic
performance of structures and comparing different design alternatives. In this study, the modeling and design of the buildings were
carried out using ETABS v16. The response spectrum dynamic analysis was also conducted using the same software to evaluate the
structural behavior under the earthquake response spectrum. By incorporating both the seismic characteristics of each region and
the structural properties, this analysis enables the estimation of maximum displacements, forces, and shear demands, thereby
providing a basis for the economic and performance comparison of the two shear wall systems. In addition to the use of software, a
set of modeling assumptions and code-based standards was considered. These assumptions included the selection of material
behavior, connection modeling, bracing conditions, and detailing of walls and frames. Furthermore, economic and performance
indicators such as structural weight, steel and concrete consumption, lateral stiffness, inter-story drift, and base shear were employed
for comparison and evaluation.
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Fig. 3. Three-dimensional view and floor plan of the 30-story building frame.

This comprehensive approach allows for an accurate and scientific assessment of the advantages and limitations of each shear
wall type and can serve as a guideline for selecting an optimal lateral load-resisting system in the design of tall buildings.

2.3. Loading conditions
The gravity loads considered for the 10-, 20-, and 30-story buildings are summarized in Table 1.

Table 1. Gravity loads for typical floors and roofs.

Floor type Dead load (kg/m?) Live load (kg/m?) Partition load (kg/m?) Perimeter wall load (kg/m)
Typical floor 500 200 100 600
Roof 500 150 - 300

The lateral load-resisting system of the 10 and 20-story buildings was designed as a dual system consisting of intermediate steel
moment-resisting frames (IMRFs) combined with special reinforced concrete shear walls (S-RCWs). For the 30-story building, the
system was designed as a dual system with special steel moment-resisting frames (SMRFs) and special reinforced concrete shear
walls (S-RCWs). In all cases, the moment-resisting frames were designed to resist at least 25% of the total seismic base shear, as
required by code provisions. Seismic analysis was performed using the response spectrum method based on the Iranian Seismic
Code (Standard 2800, 4th edition), ensuring that the dynamic base shear was not less than the corresponding equivalent static base
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shear. The buildings were assumed to have residential occupancy. The beams of the steel frames were modeled as I-shaped rolled
sections, while the columns were modeled as box sections. Structural steel was assumed to be ST37 with a yield strength of 2400
kg/cm? and ultimate strength of 3700 kg/cm?2. The compressive strength of concrete in the shear walls was taken as 25 MPa, and the
reinforcement was modeled using Alll-grade steel. P-Delta effects were also incorporated in the analysis. The following codes and
standards were used for loading, linear analysis, checking, and design of the studied structures:

1. Iranian National Building Code, Part 6: Loads (2019 edition)

2. Iranian Seismic Code, Standard No. 2800, 4th edition

3. ACI 318-19: Building Code Requirements for Structural Concrete
4. AISC 360-16: Specification for Structural Steel Buildings
5

. Consideration of wall cracking effects in shear wall design
3. Results and discussion

3.1. Placement of rectangular and T-shaped shear walls in the plan

The placement of rectangular and T-shaped shear walls in the 10, 20, and 30-story buildings is illustrated in Figs. 4 to 6. In a
recent study by Rahimi and Bargi [24], which was also mentioned in the introduction, various arrangements of both rectangular and
T-shaped shear walls were selected based on practical considerations and common structural design practices to cover a wide range
of possible placements within the building plan. These arrangements included locations near the perimeter, at the center, and within
intermediate frames, allowing for a comprehensive evaluation of the influence of wall placement on the seismic response of the
structure. The results revealed that the optimal configuration for both rectangular and T-shaped shear walls in steel frames occurred
when the walls were positioned in intermediate frames, rather than being close to the center or placed at the farthest distance from
it. The primary criterion for identifying the optimal configurations was minimizing roof displacement, as this parameter directly
reflects the overall lateral stiffness and seismic performance of the structure. After performing linear response spectrum analyses
for all configurations, the two arrangements with the lowest roof displacements were identified as optimal and subsequently
subjected to nonlinear time-history analyses for further evaluation. In both linear dynamic spectrum and nonlinear time-history
analyses, the intermediate placement was confirmed as the most effective configuration. In the present study, the economic
comparison of rectangular and T-shaped shear walls is conducted based on the optimal configuration identified in the referenced
work.
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Fig. 4. Placement of rectangular and T-shaped shear walls in the plan of a 10-story building.

3.2. Economic comparison

In this section, an economic comparison between rectangular and T-shaped shear walls in tall buildings is presented. For this
purpose, steel buildings with heights of 10, 20, and 30 stories were analyzed and designed in ETABS v16, considering two cases of
rectangular and T-shaped shear walls with equal wall areas in plan. Since the wall areas in plan are identical, the amount of consumed
concrete is the same in both cases, thereby minimizing the influence of wall geometry on the total concrete volume in the economic
comparison. The concrete weight for the designed buildings in both seismic zones, with design base acceleration ratios of A = 0.35
and A = 0.5, is 525 tons for the 10-story building, 2,450 tons for the 20-story building, and 5,040 tons for the 30-story building. The
steel frames in both seismic zones were designed in accordance with the AISC 360-16 provisions. For the selection of beam and
column sections, 50 different beam profiles and 50 different column profiles were considered, enabling the automatic design of the
steel frame in ETABS.
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Fig. 6. Placement of rectangular and T-shaped shear walls in the plan of a 30-story building.

This methodology ensures that the most efficient combination of sections is selected for each building height, based on both
seismic performance and economic criteria. In addition, the adequacy of the designed members was verified using a MATLAB
code, confirming that the ratio of the applied stresses to the member capacities remained within the acceptable range, specifically
not less than 0.95. Figs. 7 and 8 present the steel weight used in the design of the frames for the 10, 20, and 30-story buildings.
These figures illustrate the economic differences in steel usage between rectangular and T-shaped shear wall systems and provide
the basis for the economic analysis of the project.
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Fig. 7. Steel consumption in frame design for the seismic zone with a design base acceleration ratio of A = 0.35.
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Fig. 8. Steel consumption in frame design for the seismic zone with a design base acceleration ratio of A =0.5.
Furthermore, in Figs. 9 to 14, the roof displacements of the designed buildings in the two seismic zones with design base
acceleration ratios of A = 0.35 and A = 0.5 are compared for both rectangular and T-shaped shear walls. This comparison enables

the assessment of seismic behavior and lateral stiffness of the structures and demonstrates that the shear wall geometry has a direct
effect on reducing or increasing roof displacements.
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Fig. 9. Roof displacement of 10-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A =0.35.

As observed, frames with T-shaped shear walls not only exhibit smaller displacements in both X and Y directions compared to
rectangular walls, but also require less steel for beams and columns. This is because the stiffness of a shear wall is related to its
moment of inertia in plan, and the moment of inertia of a composite wall, such as a T-shaped wall, is higher than that of a rectangular
wall. By converting rectangular shear walls into a T-shaped configuration, the resulting composite section has an increased moment
of inertia, which leads to greater stiffness and reduces the forces transmitted to the frame. Consequently, the member forces in the
frame decrease, allowing for smaller cross-sections and ultimately lower material consumption. This trend is consistent across the
10-, 20-, and 30-story buildings in both seismic zones with design base acceleration ratios of A =0.35and A=0.5.

The results of this section provide valuable guidance for the optimal selection of lateral load-resisting systems in tall building
design and highlight their significant role in achieving an efficient balance between structural performance and material economy,
particularly regarding the use of concrete and steel sections.
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Fig. 10. Roof displacement of 20-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A =0.35.
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Fig. 11. Roof displacement of 30-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A =0.35.
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Fig. 12. Roof displacement of 10-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A =0.5.
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Fig. 13. Roof displacement of 20-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A=0.5.
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Fig. 14. Roof displacement of 30-story buildings designed with rectangular and T-shaped shear walls in the seismic zone with a design
base acceleration ratio of A =0.5.

4, Conclusion

In this study, an economic comparison was conducted between rectangular and T-shaped reinforced concrete shear walls in steel-
frame tall buildings. The main findings are as follows:

1. As observed, in all studied buildings, frames with T-shaped shear walls not only exhibited lower roof displacements
compared to rectangular walls but also required less steel for beams and columns. This is because the lateral stiffness of a
shear wall is related to its moment of inertia in plan, and a T-shaped wall has a higher moment of inertia than a rectangular
one. Consequently, greater stiffness results in lower forces transmitted to the frame, leading to smaller member sections and
reduced material consumption. These results were consistent across all building heights and seismic zones considered.

2. T-shaped shear walls provide both superior seismic and economic performance without significant architectural or
construction challenges, as their geometry allows easy accommodation of architectural elements such as elevator shafts.

3. A hybrid layout combining T-shaped and rectangular shear walls can offer a promising strategy to balance cost and structural
performance. While T-shaped walls provide higher stiffness and seismic resistance, rectangular walls are generally simpler
and more economical to construct. By strategically combining these wall types based on location and performance
requirements, designers can optimize both economic efficiency and seismic performance in tall buildings.
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