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ABSTRACT 

 In this project, seismic performance study of multistory reinforced concrete (RC) structures along with the 

bracing systems have been done through STAAD.pro V8i, a powerful software which will significantly facilitate 

the task of analysis. The objective of our research is assessing seismic response of braced high‐rise RC structures 

exposed to earthquake force. In seismic events, the buildings are considered to be braced systems to provide 

lateral stability and structural integrity. Using the modeling and simulation of various building configurations 

with different types of bracing systems, the behavior of which is being simulated under seismic loading, and set up 

comparison between results to determine which solution is the most efficient with regards to improving 

earthquake resistance. 
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I. INTRODUCTION 

1.1 Background 

 

High rising structures are at risk from seismic activity. With more and more urban, it is becoming increasingly 

common that high-rise buildings, especially, they need to be made in seismic resilient. One of the most effective 

ways to enhance lateral load resisting capability in such structures is through employing bracing systems. 

Bracing systems absorb and redistribute the earthquake forces that cause buildings to tilt and can result in 

collapse. 

 

1.2 Objectives 

Seismic study of multi storey RC structures with several kinds of bracing systems is performed. The compares 

seismic performance of buildings with bracing depending on : 

 

• Seismic efficacy comparisons of braced buildings as of displacement, stress distribution and structural 

stability. 

 

• The structures of the building structures subject to seismic loads will be modeled and analyzed under different 

bracing systems using STAAD.Pro V8i. A design solution for enhanced earthquake resistance is proposed. 

 

 

1.3 Scope of Work 

The study includes: 

• Modeling a multi-storey RC structure utilising STAAD.Pro V8i. 

• Incorporating various bracing systems into design. 

• Performing dynamic analysis under seismic load circumstances. 

• Evaluating the results based on displacement, shear force, and stress distribution. 

• Comparing the effectiveness of each bracing in enhancing seismic performance of the building. 
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2. LITERATURE REVIEW 

 

Seismic analysis & utilisation of bracing methods have received wide attention. Diagonal bracing, X, K 

bracing etc are bracing systems which has reduce lateral displacement & enhance overall stability of 

structure during earthquake. Recent studies indicate that efficacy of bracing system based upon 

configuration, building height, the materials and seismic design codes used. 

It has been found that X bracing yields better lateral stability for tall buildings by enhancing the distribution 

of forces and K bracing is especially appropriate to reduce torsional movement in irregular buildings. In 

addition, diagonal bracing is simpler and less expensive, but may not be as efficient in high seismic zones. 

 

3. METHODOLOGY 

 

3.1 Building Model and Assumptions 

A 10 storey reinforced concrete structure is selected for this research. Typical floor plan of structure is 

rectangular, and each floor was modeled as 5m × 5m grid. It is assumed that the structural system in the building 

is uniform on all floors, and that the slab thickness and beam size are based on standard design codes. 

Material Properties: 

 

Loading Conditions: 

• Dead load and live load are applied as per IS 875. 

• Seismic loads are calculated using IS 1893:2016, which accounts for the seismic zone, importance 

factor, and building type. 

3.2 Software: STAAD.Pro V8i 

The building's response is modeled and analyzed under seismic forces with STAAD.Pro V8i. The software 

offers a full structural platform to execute the variation of gravity loads, seismic loads, wind loads et cetera. This 

also makes the use of STAAD.Pro to perform dynamic analysis appropriate for assessing the effects of seismic 

forces on the structure of a building. 

 

3.3 Analysis Types 

• Linear Static Analysis: It is used to calculate basic load distribution. 

• Dynamic Response Spectrum Analysis: The building response to earthquake motion is evaluated by 

this method using a response spectrum obtained from the seismic zone of the region. 

• Time History Analysis: This advanced technique is utilised for simulating real time seismic response 

over a period, enhancing our understanding about how the structure behaves during a period of time. 

3.4 Bracing Systems 

Three types of bracing systems are modeled: 

• X-Bracing: Two diagonal braces crossing at the center, forming X shape. 

• K-Bracing: Two diagonal braces connected to central vertical member, making K pattern. 

• Diagonal Bracing: Single diagonal braces placed at strategic locations along the building's facade. 
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Table-1 RC Frame Data Details Considered for the Analysis 

 

 

Fig.3.1 Structural Layout of RC Frame Prototype 
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Fig.3.2(a) Structural Elevation of RC 

Frame Model 

Fig.3.2(b) Rendered view of unbraced 

RC Frame(Model-1) 

 

 

 

 

Fig.3.3(a) Structural Plan for X- braced 

RC Frame (Model-2) 

Fig.3.3(b) Rendered view for X-braced 

RC Frame (Model-2) 
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Fig.3.4(a) Structural Plan for X-braced 

RC Frame (Model-3) 

Fig.3.4(b) Rendered view for X-braced 

RC Frame (Model-3) 

 

 

 

Fig.3.5(a) Structural Plan for Inverted V- 

braced RC Frame (Model-4) 
Fig.3.5(b) Rendered view for Inverted V-

braced RC Frame (Model-4) 
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Fig.3.6(a) Structural Plan for Inverted V- 

braced RC Frame (Model-5) 

Fig.3.6(b) Rendered view for Inverted 

V-braced RC Frame (Model-5) 

 

 

 

 

 

Fig.3.7(a) Structural Plan for V-braced 

RC Frame (Model-6) 

Fig.3.7(b) Rendered view for V-braced 

RC Frame (Model-6) 
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Fig.3.8(a) Structural Plan for V- braced RC 

Frame (Model-7) 

Fig.3.8(b) Rendered view for V-braced 

RC Frame (Model-7) 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Seismic Response Comparison 

Seismic response of structure with different bracing systems is equated based on the following parameters: 

4.1.1 Lateral Displacement 

• X-Bracing: Lateral displacements are significantly reduced in the braced model relative to the 

unbraced. Approximately 35% reduction to displacement at the top floor is observed. 

• K-Bracing: Lateral resistance is somewhat better than diagonal bracing and displacement is reduced 

25%. 

• Diagonal Bracing: Reduction of only 10% least effective to reduce lateral displacement 

4.1.2 Base Shear 

• X-Bracing: Because lateral forces are transferred more efficiently and thus represent a higher base 

shear, this system is a more effective resistance to seismic forces. 

• K-Bracing: The base shear is moderate which provides an efficient and cost balance. 

• Diagonal Bracing: It is less effective in distributing seismic forces, according to offers the lowest base 

shear. 

4.1.3 Stress Distribution 

 

Results of the stress distribution analysis indicate not only that X-bracing reduces displacement, but also that it 

provides a more uniform stress distribution across the structure such that it minimizes the risk of localized 

failure. Strain distribution is slightly different in case of K braking, while it shows higher stress concentrations 

for diagonal braking. 
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4.2 Cost-Effectiveness 

X bracing is the best seismically, but is the most complex and most expensive to design and install. 

Conversely, K-braced structures offer a good compromise between performance and cost, and hence are a 

viable solution for tall buildings. While simpler, diagonal bracing is the most cost effective solution but may 

not be optimal for high seismic zones. 

 

 

Table 2 Mass participation factor in z-direction for Model-2 

 

 

 

5. CONCLUSIONS 

The study demonstrates that bracing systems significantly improve the seismic response of multi-storey RC 

structures. Among the three bracing systems analyzed: 

• X-Bracing: In general, X-Bracing offers the best lateral displacement and base shear reduction 

performance at the highest cost.. 

• K-Bracing : Good seismic resistance and moderate construction complexity are provided by K-Bracing 

• Diagonal Bracing:  Despite being relatively complex to construct and relatively noisy, Diagonal 

Bracing is the most cost effective option, but it provides very little seismic resistance, and, so, not 

suited for high seismic zones. 

STAAD.Pro V8i has shown to be a useful tool and has been used for the detailed seismic analysis of 

multi-storey buildings for better earthquake resilience for engineers and architects. 

 

6. Recommendations 

• X bracing was recommended for high seismic regions because it performs better than X bracing in 

displacements and shear forces. 

• Considering the entire mass as K-braced, it can therefore be designed using a balanced design which is 

cost-effective at the same time as being safe in moderate seismic zones. 

• In low seismic zones or in low height building with low seismic force, Diagonal bracing can be taken 

as bracing. 

Future studies could involve looking at impacts of numerous kinds of foundation systems, or the use 

more complex dynamic analysis techniques such as non-linear time history analysis. 
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