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Abstract - This study provides a comparative analysis of 
various structural systems, including Reinforced Concrete (RC) 
frames, shear walls, bracing systems, and outrigger systems, to 
assess their seismic performance as per IS 1893: 2016. The 
evaluation is conducted across seismic zones II, III, IV, and V to 
determine the efficiency of these systems in resisting 
earthquake-induced forces. Key parameters such as base 
shear, inter-story drift, and lateral displacement are analyzed 
using static and dynamic methods to assess the behavior of 
each structural system under different seismic intensities. The 
findings highlight the strengths and limitations of each system, 
offering critical insights to aid in selecting appropriate 
structural solutions for enhanced seismic safety and 
performance across varying zones. 
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1.INTRODUCTION  
 
     Seismic design has evolved significantly over time, driven 
by a deeper understanding of earthquake dynamics and the 
need for resilient structures. In India, traditional 
construction methods provided some resistance to seismic 
forces, but modern approaches have brought systematic 
improvements. Historical architecture, such as temples and 
forts, showcased durability through massive and solid 
designs, albeit without explicit seismic principles. Early 
construction relied on empirical methods until 
modernization highlighted the need for structured seismic 
design, leading to the adoption of global standards and 
localized strategies. 
 
     Major earthquakes have been pivotal in shaping India's 
seismic design practices. The 1934 Bihar-Nepal Earthquake 
(magnitude 8.0) underscored the need for robust 
engineering in vulnerable regions. The 1967 Shillong 
Earthquake (magnitude 6.7) emphasized seismic 
considerations in northeastern India. The devastating 2001 
Gujarat Earthquake (magnitude 7.7) spurred a 
comprehensive overhaul of design codes, including stricter 
enforcement of regulations and updates to standards like IS 
1893. These events have driven the evolution of seismic 

design, ensuring safer and more resilient structures across 
the country. 
 

1.1 Structural Systems Overview. 
 
     Moment-Resisting Frames: Moment-Resisting Frames 
are structural systems that rely on rigid beam-column 
connections to resist lateral forces through bending, offering 
significant ductility to absorb seismic energy. They enable 
open floor plans, providing flexibility in architectural design. 
Classified into Ordinary, Intermediate, and Special Moment 
Frames based on ductility and seismic performance, they are 
widely used in earthquake-prone regions. However, these 
frames can be costly and complex to construct and may 
sustain damage during severe earthquakes. Modern 
advancements like seismic isolation and damping systems 
are increasingly integrated to enhance their resilience and 
efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig -1: Moment Frame Structural System  
 

     Shear walls: Shear walls are vertical structural elements 
designed to resist lateral forces through shear and stiffness, 
commonly placed in building cores for stability. They are 
categorized into reinforced concrete, masonry, and 
composite shear walls. Renowned for their excellent lateral 
stability and efficiency in tall buildings, they offer a cost-
effective solution when designed properly. However, shear 
walls can limit floor plan flexibility and demand precise 
construction techniques. Modern innovations emphasize the 
use of high-performance materials and advanced designs to 
enhance their strength and adaptability. 
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Fig -2: Shear Wall in Structural Engineering 

 
Bracing: Bracing systems use diagonal elements to resist 
lateral forces by converting them into axial loads, providing 
enhanced stability and reducing building sway. Common 
types include X-Bracing, K-Bracing, Chevron Bracing, 
Eccentric Bracing, and Knee Bracing. These systems are cost-
efficient and space-saving but may limit architectural 
flexibility and pose challenges in aesthetics and construction. 
Modern trends focus on incorporating smart sensors and 
hybrid designs with damping systems to optimize 
performance and resilience 
 
 
 
 
 
 
 
 
 
 
  

Fig -3: Shear Wall in Structural Engineering 
 
     Outrigger: Outrigger systems are structural solutions that 
connect a building’s core to exterior columns using horizontal 
beams, significantly enhancing stability and reducing lateral 
sway from wind or seismic forces. By efficiently distributing 
loads, they enable taller, more resilient structures with 
reduced material usage, contributing to cost and resource 
efficiency. Configurations include single, multi-outriggers, 
outriggers with belt trusses, and hybrid designs, offering 
flexibility for various architectural and structural needs. 
However, they involve complex designs, high initial costs, and 
potential impacts on floor layouts and interior spaces. 
Modern advancements, such as smart monitoring systems, 
ultra-high-performance concrete (UHPC), and hybrid designs 
with damping systems, address these challenges effectively, 

optimizing performance and adaptability for modern high-
rise structures. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig -4: Shear Wall in Structural Engineering 
 

2. OBJECTIVES OF STUDY 
 

1. To model and analyse G+15 and G+25 multistorey 
RC buildings using ETABS 2021 software with 
actual building plan dimensions.  

2. To perform both equivalent static analysis and 
response spectrum analysis for tall building models 
subjected to seismic loads. 

3. To investigate the effects of various structural 
systems in seismic zones II, III, IV, and V as per IS 
1893:2016. 

4. To evaluate performance based on key response 
parameters, including storey displacement, storey 
drift, base shear, and fundamental time period. 

5. To compare the seismic performance of buildings 
with shear walls, bracing systems, outrigger 
systems, and moment-resisting frames. 

 

3. METHODOLOGY 
 
     This study aims to analyse the seismic performance of 
G+15 and G+25 RC buildings with different structural 
systems such as RC frame, shear wall, bracing, and outrigger. 
The buildings are modeled in ETABS 2021 as per IS 
1893:2016, considering seismic zones II, III, IV, and V. Both 
equivalent static and response spectrum methods are used to 
evaluate their response under earthquake loads. The analysis 
focuses on key parameters including storey displacement, 
storey drift, base shear, and time period. The results are 
compared to identify the most efficient system for improving 
stability and seismic resistance of tall buildings 
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3.1 Modelling Process in ETABS 

 
Fig -5:  ETABS Steps Flowchart 

 

3.2 Model data   

 No. of floors-15 & 25 floors 

 Ground story height-3m 

 Floor to floor height-3m 

 Plan dimensional along X-33.07m 

 Plan dimensional along Y-17.59m 

 Shear wall thickness-230 mm 

 Bracing- ISMB225 

 Slab thickness-depend on L/D ratio as per 
IS 456:2000 

 Size of beam-230 mm X 600 mm 

 Grade of concrete-M40 for column, M30 for 
slab and beam 

 Grade of rebar- Fe500 for main & Fe 415 for 
shear 

 Grade of steel- Fe250 
 

3.2.1      Building with RC Frame Systems  

Table 1: Section Properties of Building with RC Frame 

 
Fig -6: Building with RC Frame (45m) 

 
Fig -7: Building with RC Frame (75m) 
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3.2.2 Building with Shear Wall Systems 

Table 2: Section Properties of Building with Shear Wall 
System 

 
Fig -8: Building with Shear Wall System (45m) 

 
Fig -9: Building with Shear Wall System (75m) 

 

3.2.3 Building with X-Bracing Systems 

Table 3: Section Properties of Building with X- Bracing 
System 

 
Fig -10: Elevation with Bracing System(45m) 

 
Fig -11: Elevation with Bracing System (75m) 
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3.2.4 Building with Outrigger Systems 

Table 4: Section Properties of Building with Outrigger 
System 

 
Fig -12: Building with Outrigger System (45m) 

 

 
Fig -13: Building with Outrigger System (45m) 

 
 
 

 

Table 5: Modal Mass Participating Ratio and Time Period 
for 45m Height 

  

 
Table 6: Modal Mass Participating Ratio and Time Period 

for 75m Height 
 
Note-The modal analysis results indicate that the RC frame 
structure exhibits the highest fundamental time period, 
followed by the shear wall and outrigger systems, while the 
X-bracing system shows the lowest period among all. This 
demonstrates that the inclusion of bracing and outrigger 
systems enhances the overall stiffness of the structure, 
thereby reducing the fundamental period and improving 
resistance against lateral loads  

 
 
 

 

4. RESULT AND DISCUSSIONS 

  4.1 Modal Mass Participation 
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  4.2 Displacement 
 

 
Table 7: Displacement in Zone II for 45m Height of Building 
 

 
Table 8: Displacement in Zone II for 75m Height of Building 
 
Note: Tables 7 and 8 present the displacement for Zone II. 
The results show that displacements increase with height, 
while all systems remain within the permissible limit of 
H/250. Among them, shear wall and X-bracing systems 
exhibit comparatively lower lateral displacements, indicating 
better stiffness and control against lateral loads 
 

   
      

 
Table 9: Displacement in Zone III for 45m Height of Building 

 

 
Table 10: Displacement in Zone III for 75m Height of 

Building 
 
Note: Tables 9 and 10 present the displacement for Zone III. 
The results shows that displacements increase with height, 
while all systems remain within the permissible limit of 
H/250. Among the systems, the X-Bracing System 
consistently exhibits the lowest lateral displacements, 
indicating superior stiffness and control against lateral loads. 
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Table 11: Displacement in Zone IV for 45m Height of 

Building 

Table 12: Displacement in Zone IV for 75m Height of 
Building 

 
Note: Tables 11 and 12 present the displacement for Zone 
IV. The results shows that displacements increase with 
building height and seismic zone, while all systems remain 
within the permissible limit of H/250. Among the systems, 
the X-Bracing System consistently exhibits the lowest lateral 
displacements, indicating superior stiffness and control 
against high lateral loads. 

 

  
Table 13: Displacement in Zone V for 45m Height of 

Building 
 

 
Table 14: Displacement in Zone V for 75m Height of 

Building 
 

Note: Tables 13 and 14 present the displacement for Zone V. 
The results shows that displacements increase with building 
height and seismic zone, while all systems remain within the 
permissible limit of H/250. Among the systems, the X-
Bracing System consistently exhibits the lowest lateral 
displacements, indicating superior stiffness and control 
against high lateral loads. 
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4.3 Story Drift  
 

 

Graph 1: Story Drift Vs Permissible Limit for 45m Height 
of Building. 

 

Graph 2: Story Drift Vs Permissible Limit for 75m Height 
of Building. 

Note: The graphs compare story drift values of different 
structural systems (RC Frame, Shear Wall, X-Bracing, 
Outrigger) across seismic Zones II to V in both X and Y 
directions. All systems stay within the permissible drift limit 
of 0.004, with X-Bracing consistently showing the lowest 
drift. Zone V exhibits the highest drift values, especially for RC 
Frame and Shear Wall systems, indicating increased lateral 
displacement under stronger seismic forces. 

5. CONCLUSIONS 
 

Following are the conclusions obtained from these 
studies: 

• X- Bracing system is effective in all the seismic zones 
of India. 

• X- Bracing system has lesser time period of 1.689 sec 
and 2.934 sec for 50m and 75m height of building. 

• X- Bracing has a minimum displacement of 
12.651mm, 20.24mm, 30.363mm and 45.545mm in 
zone II, zone III, zone IV and zone V respectively for 
50m height of building as compare to other system. 

• X- Bracing has a minimum displacement of 
29.984mm, 47.118mm, 68.536mm and 102.804mm 
in zone II, zone III, zone IV and zone V respectively 
for 75m height of building as compare to other 
system. 

• X- Bracing has a minimum story drift of 0.726mm, 
1.161mm, 1.743mm and 2.613mm in zone II, zone 
III, zone IV and zone V respectively for 50m height of 
building as compare to other system. 

• X- Bracing has a maximum story drift of 1.074mm, 
1.680mm, 2.451mm and 3.678mm in zone II, zone 
III, zone IV and zone V respectively for 75m height of 
building as compare to other system. 

• Time period, displacement and storey drift of x- 
bracing system is less in all the zones as compared to 
shear wall and outrigger system. 

• Outrigger System has minimum base shear 
coefficient as compare to shear wall and x- bracing 
System. 

• Combine Shear wall and x- bracing system has less 
displacement of 40.089mm and 60.134mm in zone 
IV and zone V respectively for 75m height of 
building. 
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