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Abstract: This research investigates the possibility of including roof openings in the re-entrant corner plan irregular buildings at
different positions for the response to seismic loads. Five different models with different types and levels of diaphragm discontinuity
were analyzed using the STAAD Pro software. Variables such as node displacement, storey shear X and Z directions, stress, and
maximum bending moment were investigated to measure the efficiency of the structure. The findings reveal that models featuring
heightened diaphragm discontinuity tend to exhibit amplified node displacements, storey shear, and stress levels. Particularly, Model
M3, showcasing a 17% diaphragm discontinuity, consistently demonstrates superior performance by showcasing reduced
displacements and stress values compared to its counterparts. However, it's imperative to note that the ultimate selection of the model
should be contingent upon specific project requisites and design considerations. In essence, the study underscores the importance of
considering the impact of roof openings and diaphragm discontinuity on the structural behavior of re-entrant corner plan irregular
buildings under seismic loads. While Model M3 emerges as a promising candidate for its favorable performance metrics, the holistic
evaluation should encompass project-specific factors to ensure an optimal structural solution. This research underscores the
significance of comprehensively evaluating structural performance in irregular buildings with roof openings. While Model M3
exhibits notable advantages, including reduced displacements and stress levels, the complexity of real-world projects necessitates a
nuanced approach, considering factors beyond purely numerical analysis, such as architectural constraints and functional
requirements.
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L. INTRODUCTION
Irregularities in building structures are common in urban areas. These irregularities often arise during the planning phase due to
architectural and functional considerations. However, such irregularities have shown increased vulnerability in past earthquakes.
Consequently, extensive research has been conducted in this field, primarily within the deterministic domain. This study aims to evaluate
the relative performance of vertically irregular buildings within a probabilistic framework.
Vertical irregularities in buildings can result from a sudden decrease in stiffness or strength in a specific storey. In regions with high
seismic activity, these irregularities pose significant challenges for structural engineers. Many urban infrastructures today feature
numerous irregular structures, particularly open ground storeys and stepped buildings, which are prevalent in urban areas of India. Figure
X illustrates a typical open ground storey and a stepped irregular framed building.
Plan irregularities in building structures refer to deviations from a regular or symmetrical floor plan. These irregularities can significantly
impact a building's structural performance during seismic events. Plan irregularities can compromise the overall seismic performance ofa
building, making it more susceptible to damage or failure during an earthquake. Engineers and architects must address these irregularities
by applying appropriate design and structural measures. Building codes and seismic standards often include provisions to mitigate the
impact of plan irregularities and enhance the safety of structures in earthquake-prone regions..

1. OBJECTIVE
1) Assess the Structural Behavior of Re-Entrant Plan Irregular Buildings with Varying Degrees of Diaphragm Discontinuity: Examine
how different levels of diaphragm discontinuity impact the structural integrity and performance of re-entrant plan irregular buildings.
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2) Analyze Node Displacement Patterns within the Building Models: Study the displacement patterns at various nodes within the
building models to understand how different configurations and levels of diaphragm discontinuity affect structural deformations.

3) Compare the Node Displacement Results Among Different Models: Compare the displacement results of different models to identify
trends and differences in structural response based on the percentage of diaphragm discontinuity.

4) Contribute to the Development of Safer Building Designs: Identify potential vulnerabilities associated with re-entrant plan
irregularities and diaphragm discontinuity to enhance the safety of building designs.

5) Generate Data to Inform the Development or Refinement of Building Codes and Standards: Produce data that can be used to develop
or refine building codes and standards related to re-entrant plan irregularities and structural discontinuity, promoting safer
construction practices.

1. METHODOLOGY
The objective of this thesis is to investigate the effectiveness of openings in the roof of re-entrant corner plan irregular buildings at
different locations when subjected to earthquake loads.
The earthquake loads are determined based on the guidelines provided in 1S 1893 (Part-1). To analyze the structural response, the
STAAD Pro software program is selected as the analysis tool.
In this study, the focus is on seismic analysis using the STAAD Pro program to investigate a specific validation problem. The aim is to
analyze the behavior of a G+6-story unconventional residential building during an earthquake event. The building is characterized as
multi-story, reinforced concrete-framed, and irregular in design. The analysis is performed using the response spectra method,
considering the earthquake intensity of Zone I1I.

### Analysis Results

1) Seismic Response of the Building: The seismic response of the G+6-story unconventional residential building was analyzed using the
STAAD Pro software, focusing on the impact of roof openings at different locations.

2) Displacement Patterns: The analysis revealed varying displacement patterns depending on the location of the roof openings. Roof
openings positioned at re-entrant corners exhibited higher displacement compared to those centrally located.

3) Stress Distribution: Stress distribution across the building structure was significantly influenced by the presence and location of the
roof openings. Areas near the re-entrant corners experienced higher stress concentrations, increasing the potential for structural
damage.

4) Natural Frequency and Mode Shapes: The natural frequency of the building and its mode shapes were affected by the roof openings.
Openings at re-entrant corners led to a decrease in natural frequency, making the building more susceptible to resonant frequencies
during seismic events.

5) Base Shear and Story Shear: The calculated base shear and story shear values indicated an increase in seismic forces for buildings
with roof openings at re-entrant corners. This suggests a need for additional reinforcement in these areas to withstand seismic loads.

6) Inter-Story Drift: Inter-story drift was higher in buildings with roof openings at re-entrant corners, potentially leading to greater
damage to non-structural elements and increased risk of structural failure during an earthquake.

7) Performance Comparison: Comparative analysis between different models showed that buildings with centrally located roof
openings performed better in terms of structural integrity and seismic resistance compared to those with openings at re-entrant
corners.

8) Recommendations for Design: Based on the analysis results, it is recommended to avoid placing roof openings at re-entrant corners
in earthquake-prone areas. If unavoidable, additional structural reinforcements should be considered to enhance seismic
performance.

9) Contribution to Building Codes: The findings of this study provide valuable data that can inform the development or refinement of
building codes and standards, particularly regarding the placement of roof openings in re-entrant plan irregular buildings in seismic
Zones.

These results underscore the importance of careful consideration of roof opening locations in the design of re-entrant corner plan
irregular buildings to ensure structural resilience during seismic events.
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Table no. 1 Structural Data

S.no | Model ID Value

1 No. of Story G + 6 Stories

2 Plan Area 36 Meters X 36 Meters

3 Story Height 3 Meters

4 Beam Size i]()lcl)l i::;LTEters X 500

5 Column Size 60_0 _millimeters X 600

millimeters

6 Column Spacing 4 Meters

7 Slab Thickness 150 millimeters

8 Grade of Concrete M-25

9 Grade of Steel Fe-550

10 Zone Zone 1l

11 Shear Wall Thickness 150 millimeters

Table no. 2 Model Description
S.no | Model ID Model Description

1 M1 Re-entrant Plan Irregular building with 0% Diaphragm Discontinuity
2 M2 Re-entrant Plan Irregular Building with 15% Diaphragm Discontinuity
3 M3 Re-entrant Plan Irregular Building with 17% Diaphragm Discontinuity
4 M4 Re-entrant Plan Irregular Building with 30% Diaphragm Discontinuity
5 M5 Re-entrant Plan Irregular Building with 32% Diaphragm Discontinuity

Fig. 1 Plan of G+6 structural model M1 with 0% Diaphragm Discontinuity
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Fig. 2 Plan of G+6 Irregular Structural Model M2 with 15% Diaphragm Discontinuity in Centre and Side Corners
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Fig.4 Plan of G+6 Irregular Structural Model M4 with 30% Diaphragm Discontinuity in L- Shape in Centre
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Fig.5 Re-entrant Plan Irregular Building with L Shape of Diaphragm Discontinuity
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Peak Storey Shear in Z Direction
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V. CONCLUSION
Considering the various factors and data provided, including node displacement, storey shear in both the X and Z directions, stress
values, and maximum bending moment, we can draw an overall conclusion regarding the performance of the different models (M1, M2,
M3, M4, and M5).

A. Node Displacement

1) Models M2 and M4 generally exhibited higher node displacements across all storeys, suggesting decreased lateral stability as the
percentage of diaphragm discontinuity increased.

2) Model M3 consistently showed lower node displacements, indicating better overall lateral stiffness and stability.

B. Storey Shear

1) Model M2 consistently demonstrated the highest storey shear values, both in the X and Z directions, indicating that it experiences
the highest lateral shear forces among the models.

2) Model M3 often followed M2 in terms of storey shear values, although the values were generally slightly lower.

3) Models M1, M4, and M5 exhibited lower storey shear values, with M1 frequently having the lowest shear values among them.

C. Stress Values

1) Model M2 consistently experienced the highest stress levels, as indicated by Max Principal Stress, Max VVon Mises Stress, and Max
Tresca Stress. This suggests that it may be subjected to higher structural loads and potential material failure.

2) Models M1, M3, M4, and M5 generally had lower stress values, with Model M3 frequently displaying the lowest stress values.

D. Overall Conclusion

Considering the data available, it is evident that Model M2 consistently exhibits higher stress levels, larger node displacements, and
higher storey shear values, indicating that it might be more susceptible to structural deformation and less stable under lateral loads. Model
M3, (Re-entrant Plan irregular Building with 17% Diaphragm Discontinuity) on the other hand, consistently displays better overall
performance in terms of lower node displacements and stress values.

It's important to note that the selection of the best model may depend on specific project requirements, safety standards, and design
considerations. Engineers would typically conduct a more comprehensive analysis, taking into account additional factors, such as cost,
construction feasibility, and project objectives, to make a final decision on the most suitable model for a particular application.
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