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ABSTRACT: The increasing frequency of earthquakes and their devastating impact on structures necessitate effective
seismic-resistant designs, particularly for multi-storey buildings. Tall buildings, while essential for modern
infrastructure, face challenges in earthquake resistance due to lateral forces that compromise their stability. Steel
bracing systems have proven to be an effective solution for enhancing the seismic performance of reinforced concrete
(RC) buildings by improving lateral resistance and structural stiffness. This study evaluates the seismic behavior of
G+4 RCC framed structures under Seismic Zone IV using STAAD.Pro V8i with the Response Spectrum Method.
Different bracing configurations, including X-bracing, diagonal bracing, Y-bracing, and K-bracing, are analyzed for
their impact on base shear, storey drift, storey displacement, and bending moment. Results indicate that X-bracing
offers the highest structural stiffness and significantly reduces lateral displacements. The comparative analysis
highlights that braced frames are more efficient than unbraced structures, providing enhanced resistance to seismic
forces. Among various configurations, X-bracing proves to be the most effective in RCC Structure due to its superior
load distribution and stiffness enhancement. The findings contribute to the development of cost-effective and efficient
seismic-resistant designs for high-rise buildings in earthquake-prone regions

KEYWORDS: Structural Analysis, Bracing Systems, STAAD.Pro, X-Bracing, V-Bracing, Diagonal Bracing, Inverted V-
Bracing

L. INTRODUCTION

In the field of structural engineering, the stability and performance of buildings under lateral loads such as wind and
earthquakes are of paramount importance. Bracing systems play a critical role in enhancing the lateral load resistance
and overall stability of structures, particularly in multi-storey buildings. With the increasing demand for safer and more
cost-effective structural designs, it becomes essential to evaluate and compare various bracing configurations to
determine the most efficient solution for different design requirements.

This study focuses on a comparative analysis of five structural configurations: X-bracing, V-bracing, Diagonal bracing,
Inverted V-bracing, and an unbraced frame. The analysis is conducted using STAAD.Pro, a widely used finite element
analysis software in structural engineering. Each configuration is subjected to different loading conditions, including
dead load, live load, wind load, and seismic load, to assess its performance in terms of displacement control and cost-
effectiveness.

By evaluating key parameters such as lateral displacement, structural behavior under dynamic loads, and material
consumption, this research aims to identify the most efficient bracing system for improving structural performance. The
results of this study provide valuable insights for engineers and designers in selecting suitable bracing systems that
balance strength, stability, and economic feasibility.
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A significant amount of research has been conducted to investigate the impact of bracing systems on the seismic and
wind performance of buildings. Bracing systems are widely recognized as one of the most effective methods for
enhancing the lateral stiffness and strength of steel and reinforced concrete frames.

Chandurkar and Pajgade (2013) studied the seismic performance of multi-storey buildings using different types of
bracings. Their research revealed that steel bracing significantly reduces lateral displacement and improves overall
structural performance, particularly under seismic loads.

Rai and Goel (2004) explored the effectiveness of concentric and eccentric bracing systems in resisting lateral loads.
Their results indicated that concentric bracing systems, such as X and V types, are more efficient in minimizing storey
drift and improving stability.

Patel et al. (2015) analyzed various bracing patterns in multistorey steel frames using ETABS and concluded that
diagonal bracing provides superior lateral stiffness and is more cost-effective compared to other types.

Saha and Roy (2017) conducted a comparative study between braced and unbraced structures using STAAD.Pro. They
reported that braced frames exhibit significantly lower displacement under lateral loads, confirming the importance of
selecting appropriate bracing for seismic regions.

Kumar and Sudhakar (2020) examined the performance of inverted V and K-bracing in steel structures. Their
findings highlighted the advantages of inverted V-bracing in distributing loads more uniformly and reducing bending
moments in columns.

These studies collectively emphasize the necessity of incorporating appropriate bracing systems in structural design,
particularly in high-risk seismic and wind zones. However, limited research has focused on a detailed comparative
evaluation of multiple bracing configurations in a unified framework, especially using STAAD.Pro as an analysis tool.
This study aims to bridge this gap by systematically analyzing and comparing X-bracing, V-bracing, diagonal bracing,
inverted V-bracing, and unbraced frames under varying loading conditions, with a focus on both performance and cost.

1. METHODOLOGY

The primary objective of this project is to evaluate the

effectiveness of different bracing systems in improving the seismic
performance of a G+4 (Ground + 4 floors) structure located in
Earthquake Zone 4. The analysis is performed using STAAD.Pro, a
widely accepted structural analysis software. The methodology
followed in this study is divided into the following steps :-

1. Structural Model Description
A G+4 structure was selected for analysis, with each
storey having a uniform height of 3 meters.

e
2

e

G

.

Defme Structure Parameters
(G+4, 3m height,

e
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Five structural configurations were modeled:
e  Model 1: Unbraced Frame (used as the control model)

e  Model 2: X-Bracing

e  Model 3: V-Bracing

e Model 4: Diagonal Bracing

e Model 5: Inverted V-Bracing
3. Load Application

The following loads were applied to all structural models as per

Indian Standard Codes:

e Dead Load (DL): Applied as uniform area load of 3

kN/m?, representing the

components.

self-weight

of structural

o Live Load (LL): Applied as uniform area load of 2 kN/m?,
representing furniture, occupancy, and other variable loads.

e Floor Finish Load (FF): Appli

ied as 1 kKN/m? to account

for tiling, plastering, and additional floor materials.

e Seismic Load:
o
o

4. Structural Analysis in STAAD.Pro

Considered as per IS 1893 (Part 1): 2016
Zone Factor (Z): 0.24 (for Zone 4)

e Each model was analyzed using STAAD.Pro’s analysis engine.
e All loads were defined in the load case manager, and appropriate load combinations were generated as per IS

456 and IS 1893.

e  The structure was meshed and analyzed to determine:
e  Maximum Lateral Displacement.

5. Performance Evaluation Parameters
After running the analysis, the following output parameters were extracted and compared:
o Displacement: Lateral deflection at the top storey (critical in seismic design)
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V-Bracing
IV.RESULTS
Bracing System Displacement Cost Openings
X-Bracing (0.0010) Low High Limited
V-Bracing (0.0046) Moderate Moderate Some Restrictions
Inverted V-Bracing (0.0040) Moderate Moderate Some Restrictions
Diagonal-Bracing (0.0080) High Low More Flexible
Without Bracing (0.030) Very High Very Low Most Flexible
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V.CONCLUSION

Based on the comparative analysis conducted using STAAD.Pro, it is evident that the implementation of bracing
systems significantly enhances the structural performance of the building by reducing displacement under seismic
loads.

Among the five configurations studied—X-bracing, V-bracing, Diagonal bracing, Inverted V-bracing, and an Unbraced
frame—Diagonal and X-bracing proved to be the most effective in minimizing lateral displacement, thereby offering
superior structural stability. While all braced models outperformed the unbraced frame in terms of displacement and
performance, the cost analysis revealed that certain bracing systems, particularly Diagonal bracing, provide a more
favorable balance between material usage and structural efficiency.
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