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Abstract  

 

The arrangement of shear walls plays a fundamental role in controlling the seismic behavior of reinforced 

concrete buildings by affecting lateral stiffness and structural deformation during earthquake loading. This 

study investigates the seismic performance of the Ristia Resort reinforced concrete building subjected to three 

alternative shear wall layouts. Three numerical structural models with identical geometry, material 

properties, loading conditions, and seismic design parameters were developed, with the shear wall locations 

defined as the only variable. Seismic performance was evaluated through response spectrum analysis based 

on SNI 1726:2019. The evaluation considered inter-story drift, story stiffness, and the proportion of design 

base shear carried by the shear wall system. Among the investigated configurations, Model 1 achieved the 

best structural performance by reducing the third-floor inter-story drift by 10.69% and 11.19% relative to 

Models 2 and 3, respectively. It also increased the average X-direction story stiffness by 6.38% and 6.48%, 

while the shear wall system resisted 66.74% and 71.08% of the design base shear in the X- and Y-directions, 

respectively. These results demonstrate that a symmetrical shear wall arrangement provides a more efficient 

lateral load-resisting system and improves the overall seismic performance of reinforced concrete buildings. 
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INTRODUCTION 
 

Indonesia is situated within one of the world's 

most active seismic regions because of the 

interaction between the Indo-Australian, 

Eurasian, and Pacific tectonic plates. 

Consequently, reinforced concrete (RC) 

buildings must be designed to sustain 

earthquake-induced forces while maintaining 

structural integrity and ensuring the safety of 

occupants. Among the available lateral force-

resisting systems, reinforced concrete shear 

walls are widely recognized as one of the most 

efficient structural components for enhancing 

seismic performance, as they increase lateral 

stiffness, minimize inter-story drift, and reduce 

excessive structural deformation during 

earthquake events [1], [2], [3]. 

 

Previous studies have demonstrated that the 

seismic performance of RC buildings is 

governed not only by the existence of shear 

walls but also by their placement and 

configuration within the structural layout. 

Shear walls arranged symmetrically and 

positioned close to the structural core generally 
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provide superior lateral stiffness, lower inter-

story drift, and improved resistance to torsional 

effects compared with asymmetric layouts [1], 

[4], [5]. Furthermore, variations in shear wall 

configuration have been reported to 

considerably influence structural behavior, 

including lateral displacement, base shear 

capacity, vibration characteristics, and internal 

force distribution [6], [8]. When shear walls are 

positioned asymmetrically or located away 

from the center of stiffness, the eccentricity 

between the center of mass and the center of 

rigidity increases, leading to greater torsional 

responses and reduced seismic efficiency [4], 

[5], [9]. 

 

Recent investigations have expanded the 

evaluation of shear wall systems by examining 

the influence of wall quantity, wall-to-floor 

area ratio, and wall opening configuration on 

the seismic performance of high-rise reinforced 

concrete buildings. Although increasing the 

wall area generally enhances lateral stiffness 

and decreases structural displacement, 

excessive wall ratios often provide only limited 

additional structural benefit while reducing 

economic efficiency [6], [10]. Likewise, 

previous researchers have shown that 

strategically positioned shear walls can 

substantially decrease story drift and improve 

structural stability. However, their 

effectiveness is highly dependent on the 

relationship between the wall location and the 

building's center of mass as well as its center of 

stiffness [11], [12]. These observations 

confirm that optimizing shear wall placement 

remains an important aspect of earthquake-

resistant structural design. 

 

Although numerous investigations have 

examined various shear wall configurations, 

most have focused on comparisons between 

core walls, corner walls, or symmetrical and 

asymmetrical arrangements in regular building 

plans [1], [6], [11]. Comparatively fewer 

studies have investigated elongated reinforced 

concrete buildings composed of interconnected 

structural blocks, where the distribution of 

mass and stiffness is inherently non-uniform 

and may alter the effectiveness of different 

shear wall layouts. In addition, previous studies 

have predominantly emphasized parameters 

such as story drift and base shear, whereas the 

relationship between shear wall position and 

story stiffness in this type of structural 

configuration has received relatively limited 

attention [13], [14]. Therefore, further research 

is necessary to determine the most effective 

shear wall arrangement for improving the 

seismic behavior of elongated reinforced 

concrete buildings. 

 

To clarify the influence of shear wall 

arrangement on structural behavior under 

seismic loading, the reinforced concrete 

structure of the Ristia Resort building was 

analyzed using three alternative shear wall 

configurations. Numerical simulations were 

performed in ETABS by applying the response 

spectrum procedure to each structural model. 

The evaluation focused on key seismic 

performance indicators, including inter-story 

drift, story stiffness, and the proportion of 

design base shear resisted by the shear wall 

system. The findings of this study are expected 

to support the selection of effective shear wall 

layouts for improving the earthquake resistance 

of reinforced concrete buildings, particularly 

those with elongated floor plans and 

interconnected structural systems. 

 

METHOD 
 

A. Research Design 

 

This research employed a numerical simulation 

approach within a quantitative framework to 

investigate the effect of shear wall location on 

the seismic behavior of a reinforced concrete 

building. Three structural models representing 

different shear wall configurations were 

analyzed under identical structural geometry, 

material properties, loading conditions, and 

seismic design parameters. Consequently, all 

variables were maintained constant except for 

the shear wall location, allowing its influence 

on the structural response to be evaluated 

independently. 

 

The research procedure involved several 

sequential stages, including the collection of 

structural data, development of numerical 

models in ETABS V21, application of gravity 

and seismic loading, response spectrum 

analysis, verification of structural performance 

in accordance with the Indonesian seismic 

design provisions, and comparison of the 

structural responses obtained from the three 
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analytical models. The research design flow is 

illustrated in Figure 1. 

 

 
Figure 1. Research Design Flow 

 

The Ristia Resort building in Blahbatuh 

District, Gianyar Regency, Bali, Indonesia, 

was selected as the case study for this research. 

The building is approximately 26 m in height 

and employs a dual lateral force-resisting 

system consisting of a Special Moment 

Resisting Frame (SMRF) together with 

reinforced concrete shear walls. Numerical 

modelling and seismic analyses were carried 

out in compliance with the Indonesian 

structural design standards [15], [16], [17]. 

 

Identical material and site conditions were 

adopted for all analytical models. Concrete was 

defined with a compressive strength (𝑓′𝑐) of 25 

MPa, whereas the reinforcing steel had a yield 

strength (𝑓𝑦) of 420 MPa. The structural 

analysis assumed a medium soil site 

classification based on SNI 1726:2019 [17]. 

The geometry of the columns, beams, slabs, 

and shear walls was generated directly from the 

structural design drawings of the Ristia Resort 

building. 

 

 

 

B. Shear Wall Configurations 

 

Three analytical models with different shear 

wall layouts were developed by varying only 

the shear wall location, while all other 

structural properties and analysis parameters 

remained unchanged. The configurations of the 

models are shown in Figure 2. 

 Model 1: The shear walls were arranged 

around the central core of the building, 

resulting in a relatively symmetrical 

distribution of lateral stiffness. 

 Model 2: The shear walls were shifted 

toward one side of the building while 

maintaining the same wall dimensions and 

structural properties as those adopted in 

Model 1. 

 Model 3: The shear walls were placed at an 

alternative location to examine how a 

different lateral stiffness distribution 

influences the overall seismic response of 

the structure. 

 

 
a. Floor Plan and 3D Model 1 
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b. Floor Plan and 3D Model 2 

 

 

 
c. Floor Plan and 3D Model 3 

 

Figure 2. Shear wall configurations for 
all model 

 

C. Dimensions of Structural Members 

 

To ensure that the effect of shear wall 

placement could be evaluated objectively, all 

analytical models employed identical 

dimensions for the primary structural 

members. The dimensions of the columns, 

beams, slabs, and shear walls used in this study 

are summarized in Table 1. 

 

Table 1. Dimensions of the structural 

members 

Structural 

Component 

Member 

ID 

Dimension 

(mm) 

Columns K1 400 × 600 
 K2 250 × 400 

 K3 350 × 350 
 K4 200 × 200 

Beams B1 500 × 600 
 B2 250 × 400 

 B3 200 × 300 

Slabs P1 100 (thickness) 

 P2 120 (thickness) 
 P3 150 (thickness) 

Shear Wall SW 200 (thickness) 

 

D. Loading and Load Combinations 

 

1. Dead Loads 

a. Dead load on the roof slab 

Mortar layer 2cm  = 42 kg/m2  

Ceramic floor  = 24 kg/m2  

M.E.P Instalation  = 40 kg/m2  

Planfond   = 11 kg/m2  

     = 124 kg/m2 

b. Additional dead load on floor slabs 

Mortar layer 2cm  = 42 kg/m2  

Ceramic floor  = 24 kg/m2  

M.E.P Instalation  = 40 kg/m2  

Planfond   = 11 kg/m2  

    = 124 kg/m2 

c. Additional dead load applied to the 

staircase  

Mortar layer 2cm  = 42 kg/m2  

Ceramic floor  = 24 kg/m2  

     = 66 kg/m2 

d. The additional dead load acting on the 

beams was calculated based on the 

weight of brick masonry walls with 

finishing. The wall load was determined 

as 1.278 kg/m. 
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E. Live Loads 

The live loads were assigned according to the 

functional use of each structural component in 

accordance with SNI 1727:2020 [16]. A roof 

live load of 1.33 kN/m² was adopted based on 

Table 4.1 of SNI 1727:2020 [16]. The balcony 

live load was specified as 4.92 kN/m², while 

the live load for the occupied rooms was taken 

as 1.92 kN/m², both in accordance with Table 

4.3-1 of SNI 1727:2020 [16]. In addition, a 

staircase live load of 1.33 kN/m² was assigned 

based on Clause 4.5.4 of the same standard. 

 

F. Seismic Load 

The seismic analysis was carried out using the 

response spectrum method in accordance with 

the requirements of SNI 1726:2019 [17].  The 

site-specific design response spectrum was 

obtained from the Indonesian Design Response 

Spectrum Program [18].  The generated 

response spectrum together with its spectral 

acceleration curve for the Blahbatuh site is 

presented in Figures 3 and 4, respectively. 

 

 
Figure 3. Output program response 

spectrum 
 

 
Figure 4. Spectral acceleration curve 

G. Load Combinations 

Strength design load combinations were 

assigned in accordance with SNI 1726:2019 

[17]. The combinations considered in the 

numerical analysis are listed in Table 2. 

 

Table 2. Strength Design Load 
Combinations 

Load Case Load Combination 

LC1 U = 1.4D 

LC2 U = 1.2D + 1.6L 

LC3 U = 1.2D ± 1.0E + 0.5L 

LC4 U = 0.9D ± 1.0E 

 

RESULTS AND DISCUSSION 
 

A. Inter-Story Drift 

Inter-story drift is widely used as a key 

indicator for assessing the seismic performance 

of building structures because it represents the 

lateral deformation experienced by each story 

and reflects the potential impact on both 

structural stability and non-structural 

components. The inter-story drift responses of 

the three analytical models in the X-direction 

are presented in Figure 5. 

 

 
Figure 5. Inter-story drift responses X-

direction 
 

Based on the analysis results, Model 1 

produced the lowest drift response from the 

first to the fourth floor compared with Models 

2 and 3. The largest difference occurred at the 
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third floor, where the drift of Model 1 was 

14.58 mm, while Models 2 and 3 produced drift 

values of 16.325 mm and 16.4175 mm, 

respectively. This indicates that Model 1 

reduced the drift by approximately 10.69% 

compared with Model 2 and 11.19% compared 

with Model 3. The lower drift response in 

Model 1 indicates that placing shear walls on 

both sides of the building provides a more 

balanced stiffness distribution in the lower 

stories. 

 

However, at the fifth floor, Model 1 showed a 

higher drift value than the other two models. 

The drift values at this level were 2.88 mm for 

Model 1, 0.693 mm for Model 2, and 1.16 mm 

for Model 3. This condition suggests that the 

interaction between the structural block located 

at grid 0–2 and the adjacent building block at 

grid 3–7 influences the drift distribution along 

the building height. Therefore, although Model 

1 performs better in the lower stories, the 

stiffness transition between connected building 

blocks should also be considered in evaluating 

the overall seismic response. 

 

 
Figure 6. Inter-story drift responses Y-

direction 
 

In the Y-direction, the drift responses of the 

three models showed relatively small 

differences, as shown in Figure 6. At the eighth 

floor, the drift values were 3.322 mm for 

Model 1, 3.9215 mm for Model 2, and 2.904 

mm for Model 3. These results indicate that the 

variation of shear wall position had a less 

significant influence on the Y-direction 

response. This is reasonable because the main 

variation of shear wall placement was more 

dominant in the X-direction. All drift values in 

both principal directions remained within the 

allowable drift limit specified by SNI 

1726:2019 [17]. 

 

B. Base Shear Distribution 

 

The distribution of base shear was examined to 

evaluate the contribution of the shear wall 

system in resisting earthquake-induced lateral 

loads. According to SNI 1726:2019 [17], for a 

dual structural system, the shear walls are 

permitted to resist a maximum of 75% of the 

design base shear, whereas the moment-

resisting frame is required to carry at least the 

remaining 25%. 

 

The results presented in Table 3 indicate that 

all three analytical models complied with the 

dual structural system requirements. In the X-

direction, the proportion of design base shear 

resisted by the shear walls reached 66.74% for 

Model 1, 65.02% for Model 2, and 65.00% for 

Model 3. Compared with the other 

configurations, Model 1 exhibited an increase 

of 1.72 and 1.74 percentage points relative to 

Models 2 and 3, respectively. Expressed as a 

relative improvement, the shear wall 

contribution in Model 1 was approximately 

2.65% greater than Model 2 and 2.68% greater 

than Model 3. 

 

Table 3. Base shear results 

Model 

Percentage of 

Base Shear 

Resisted by Shear 

Walls (%) 

Control 

Base Shear 

< 75% 

Arah X Arah Y 

1 66.74 71.08 OK 

2 65.02 70.57 OK 

3 65.00 70.67 OK 

 

In the Y-direction, the shear wall contribution 

was 71.08% for Model 1, 70.57% for Model 2, 
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and 70.67% for Model 3. Although the 

differences were relatively small, Model 1 still 

produced the highest percentage of base shear 

resisted by the shear walls. These findings 

indicate that the shear wall configuration in 

Model 1 provides a slightly more effective 

lateral load-resisting mechanism while still 

satisfying the maximum allowable shear wall 

contribution for a dual structural system. 

 

C. Story Stiffness 

 

Story stiffness was analyzed to examine the 

effect of shear wall placement on the lateral 

stiffness characteristics of the structure. As 

shown in Figure 7, Model 1 exhibited the 

highest average story stiffness in the X-

direction among the three analytical models. 

Compared with Models 2 and 3, the average 

stiffness of Model 1 increased by 

approximately 6.38% and 6.48%, respectively. 

These results suggest that the shear wall 

arrangement adopted in Model 1 provides a 

more efficient lateral stiffness distribution in 

the direction where the wall location was 

varied. 

 

 
Figure 7. Inter Story stiffness X-

direction 
 

The higher stiffness achieved by Model 1 can 

be attributed to the placement of shear walls on 

both sides of the building, resulting in a more 

effective lateral load-resisting system and 

lower deformation demand in the lower stories. 

In contrast, Models 2 and 3, in which the shear 

walls were concentrated on one side of the 

structure, produced a less uniform stiffness 

distribution, leading to greater lateral drift in 

the X-direction. 

 

In the Y-direction, the stiffness values of the 

three analytical models were nearly identical, 

as illustrated in Figure 8. At the first floor, the 

stiffness values were 11,150,441.989 kN/m, 

11,144,557.275 kN/m, and 11,146,857.708 

kN/m for Models 1, 2, and 3, respectively. At 

the fourth floor, the corresponding values were 

1,385,371.353 kN/m, 1,384,287.369 kN/m, 

and 1,384,923.791 kN/m, whereas the eighth-

floor stiffness values were 64,044.970 kN/m, 

64,347.511 kN/m, and 64,120.150 kN/m, 

respectively. 

 

 
Figure 8. Inter Story stiffness Y-

direction 
 

The similarity of the stiffness values in the Y-

direction indicates that variations in shear wall 

placement had only a limited influence on 

lateral stiffness in this direction. This 

observation is consistent with the inter-story 

drift results, which also showed only minor 

differences among the three models. Therefore, 

the effect of shear wall configuration in this 

study was considerably more pronounced in 

the X-direction than in the Y-direction. 
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 CONCLUSION 
  

The numerical results indicate that shear wall 

arrangement plays a major role in the seismic 

response of the reinforced concrete building, 

particularly along the X-direction. Model 1, 

which adopted a balanced shear wall layout on 

both sides of the structure, demonstrated 

superior performance compared with the other 

configurations. 

  

 Compared with Models 2 and 3, Model 

1 reduced the third-floor inter-story drift by 

10.69% and 11.19%, respectively. In addition, 

the average story stiffness in the X-direction 

increased by 6.38% relative to Model 2 and 

6.48% relative to Model 3. The contribution of 

the shear wall system to the design base shear 

was also the highest in Model 1, while 

remaining within the dual structural system 

requirements specified in SNI 1726:2019. 

  

 Overall, a balanced distribution of 

shear walls was found to improve lateral 

stiffness and reduce inter-story drift, resulting 

in better seismic performance. In contrast, 

variations in shear wall placement had only a 

minor influence on the structural response in 

the Y-direction, indicating that the 

effectiveness of the investigated configurations 

was more evident in the X-direction. 

Therefore, placing shear walls on both sides of 

the building is recommended as the most 

suitable configuration for enhancing the 

seismic performance of the Ristia Resort 

building. 
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