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Abstract: Earthquakes are among the most destructive natural hazards, and structural failures during strong seismic events have 

demonstrated the vulnerability of buildings with irregularities. This research investigates the influence of vertical irregularities on reinforced 

concrete (RC) buildings, including stiffness irregularities (soft storey), vertical geometric irregularities (setbacks), mass irregularities, and 

combined irregularities. Using SAP2000, a series of 19 models—both with and without infill walls—were developed and analyzed under 

seismic loads following IS 1893 (Part 1):2002 and IS 456:2000. The study applies linear static analysis, nonlinear static pushover analysis, 

and linear dynamic response spectrum analysis to evaluate seismic performance. Results highlight the critical impact of soft storey and 

setback irregularities on displacement, base shear, and hinge formation, while infill walls are found to significantly enhance performance. 

The findings emphasize the need for careful consideration of vertical irregularities in seismic design and suggest directions for improving 

resilience in earthquake-prone regions. 
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                                      I.INTRODUCTION: 

Earthquakes represent one of the most severe and unpredictable 

natural hazards, often resulting in catastrophic damage to buildings, 

infrastructure, and human life. The seismic performance of a 

building is primarily governed by its geometry, stiffness 

distribution, mass arrangement, and structural system. Historically, 

post-earthquake damage assessments have revealed that buildings 

with regular and symmetrical configurations generally demonstrate 

better resistance to seismic forces than those with irregularities in 

plan or elevation. Regular structures distribute seismic forces more 

evenly, ensuring uniform stiffness and strength, whereas irregular 

structures tend to concentrate stresses at discontinuities, making 

them highly vulnerable during strong ground shaking. In practice, 

however, architectural and functional requirements frequently 

necessitate the construction of irregular buildings. Variations such 

as open ground storeys for parking, setbacks for urban design, mass 

concentration due to service floors, or construction on sloping 

ground are becoming increasingly common. While these features 

enhance functionality and aesthetics, they introduce vertical 

irregularities that alter the natural period, mode shapes, and lateral 

load distribution of the structure, leading to unpredictable seismic 

behavior. Recognizing this, international and national seismic 

codes, including IS 1893 (Part 1): 2002, Eurocode 8, and FEMA 

356, classify irregularities and prescribe appropriate analytical 

approaches. Among them, vertical irregularities have been 

identified as particularly detrimental because they create abrupt 

changes in stiffness, mass, or geometry along the height of the 

building. These discontinuities can trigger soft storey mechanisms, 

torsional amplification, weak-storey failures, and excessive inter-

storey drifts, which are among the leading causes of collapse during 

earthquakes. This study focuses on the systematic investigation of 

vertical irregularities in RC buildings. It considers multiple 

irregularity types — stiffness irregularities (soft storey), vertical 

geometric irregularities (setbacks), mass irregularities (plan and 

elevation), and combined irregularities, both with and without infill 

walls. Using SAP2000 as the analytical tool, the models are 

subjected to linear static, nonlinear static (pushover), and linear 

dynamic (response spectrum) analyses in accordance with IS 1893 

(Part 1): 2002.  

II.OBJECTIVES OF THE STUDY 

The main objectives of this study are: 

• To compare the seismic response of regular and irregular 

RC buildings. 

• To analyze the effect of soft storey, setback, mass 

irregularity, and sloping ground on seismic performance. 

• To evaluate the role of infill walls in enhancing seismic 

resistance. 

• To assess performance using linear static, nonlinear 

pushover, and response spectrum analyses. 

III.METHODLOGY AND MODELLING APPROACH 

3.1 General: A hypothetical building is considered, and various 

irregularities are introduced to study their effects. 

• A regular structure refers to a building without any 

irregularities, being symmetrical in plan with uniform 

strength, stiffness, and mass distribution. 

• An irregular structure, as defined by IS 1893 (Part 1): 

2002, refers to a building that has discontinuities or 

asymmetry in strength, stiffness, or mass distribution 

3.2 List of models taken for study. 

3.2.1 Buildings without infill walls. 

• Regular building 

• Building with soft storey effect at ground level 

• Building with soft storey effect at intermediate 

level 

• Building with set backs 

• Building with mass irregularity in plan 
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• Building with mass irregularity in elevation 

• Building with combined effect of soft storey and 

set backs 

• Building with combined effect of setbacks and 

mass irregularity 

• Building with combined effect of soft storey at 

ground level setbacks and mass irregularity 

• Building with Sloping ground effect. 

3.2.2 Building with infill walls. 

• Regular building 

• Building with soft storey effect at ground level 

• Building with soft storey effect at intermediate 

level 

• Building with set backs 

• Building with mass irregularity in plan 

• Building with mass irregularity in elevation 

• Building with combined effect of soft storey and 

set backs 

• Building with combined effect of setbacks and 

mass irregularity 

• Building with combined effect of soft storey 

at ground level setbacks and mass irregularity 

3.3 Typical features for the models considered. 

 

3.4 Complete breakdown of a regular building. 

Building without any irregularities, and is symmetrical in plan, 

strength, stiffness and mass assignment. 

3.4.1 Plan details 

Figure 3. 1 Plan details of the building at typical floors. 

 

Plan area 20 m X 12 m 

Bay width -x 4m 

Bay width -y 3m 

It is assumed that all highlighted beams have 230 mm thick walls, 

while the beams that are not highlighted do not carry any walls 

above them on any floor, except at the roof level(Figure 3.1). 

 

Figure 3. 2 Plan details of the building at roof level. 

Building featuring a soft storey at mid-level without infill walls. 

All specifications regarding building type, materials used, section 

properties, loading conditions, plan area, and soil type remain the 

same as discussed in the previous sections. The only changes are in 

the geometrical parameters and time period due to the increased 

height. The height of the 5th storey is increased, and the wall load 

is removed. 

Variation in geometry 

Regular building         Soft storey at intermediate level

 

Figure 3.3 Soft storey at intermediate level. 

Building with soft storey at mid-level without infill walls. 
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Figure 3.4 Strut modeling in building with soft storey at 

intermediate level 

Building with setback configurations without infill walls 

 
Figure 3.5 Setback modeling 

Building with mass irregularity in plan without infill walls. 

 
Figure 3.6 Inducing mass irregularity in plan 

Building with mass irregularity in elevation without infill walls. 

 

Figure  3.7 Inducing mass irregularity in elevation 

3-D view of models with and without infill walls. 

Figure 3.8 3-D view of models with and without infill walls. 

IV.RESULT AND DISCUSSION 

4.1 Modal mass participation. 

Modes upto which 90%modal mass participation is obtained, 

number of modes varies when irregularities varies. 

Table 4.1 Number of modes till which 90% modal mass 

participation is obtained. 
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Time period of structures with and without infill walls. 

Time period of structures with and without infill walls have been 

collected and percentage variation between time period of a 

structure without infill walls and of a structure with infill walls is 

calculated to consider the effect of infill walls on our structure. 

Table 4.2 Percentage variation in time period of a structure with 

and without infill walls. 

 

4.2Shear force at the base and Critical performance point 

The base shear values obtained from the linear static analysis and 

the performance points from the pushover analysis for all the 

structures analyzed are compiled in the following table. The table 

also shows the residual force that the structure can withstand before 

ultimate failure. Additionally, the percentage variation between the 

performance points obtained from the pushover analysis and the 

base shear values from the linear static analysis is calculated. 

Table 4.3 Performance point and Base shear values for all cases 

considered for study. 

 

 

 

4.4 Structural performance capacity. 

Graphical representation of capacity of structures with and without 

infill walls. 

Effect of infill walls – The structure's capacity is significantly 

higher when the effect of infill walls is taken into account. The 

percentage variation is clearly shown in the table above. Several 

graphs are plotted to compare the capacity of the structure with 

and without considering the effect of infill walls. 

 

Figure 4.1 Capacity of building with soft storey at ground level 

with and without infill walls in x- direction 

 

Figure 4.2 Capacity of building with soft storey 

ground level with and without infill walls in x- direction  
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Figure 4.3 Capacity of building with setbacks with and without infill 

walls in x- direction 

 

Figure 4.4 Capacity of building with setbacks with and without 

infill walls in y- direction. 

 

Figure 4.5 Capacity of building with setbacks and soft storey with 

and without infill walls in x- direction 

 

Figure 4.6 Capacity of building with setbacks and soft storey 

with and without infill walls in y- direction 

 

Figure 4.7 Capacity of building with setbacks, soft storey and 

mass irregularity in plan with and without infill walls in x- direction 

 

Figure 4.8 Capacity of building with setbacks, soft storey and mass 

irregularity in plan with and without infill walls in y- direction. 

Investigation of moment and force distribution in beams and 

columns at the soft storey level. 

In building with soft storey at ground level both with and without 

infill walls, moments and forces in beams and columns is studied. 

 

 
Without infill walls                    With infill walls 

Figure 4.9 Forces in beams and columns in building with soft 

storey at ground level with and and without infill walls 

AS PER IS-1893 2002, if there is a soft storey in a building and 

while designing we are neglecting the effect of infill walls, the 

column and beams of the soft storey are to designed for 2.5 times 

the storey shear and moments under seismic loads. 

As per my study:- 

Variation of moments in column and beams Between regular 

building without infill walls and building with soft storey and infill 

walls are, 

Moments in column = 2.4 times Moments in beams = 1.58 times. 

V.CONCLUSION 

Based on the comprehensive analysis of 19 structural models 

(regular and irregular, with and without infill walls) using 

Equivalent Static Analysis, Nonlinear Pushover Analysis, and 

Response Spectrum Analysis in SAP2000, the following 

conclusions are drawn: 

1. These irregularities introduced torsional effects and led to non-

uniform load distribution, which increased vulnerability under 

seismic loading. 

2. Structures with combined irregularities (e.g., soft storey + 

setback + mass) exhibited the worst seismic performance, with 
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higher displacements, reduced ductility, and premature hinge 

formations. 

3. Presence of infill walls significantly improved the overall 

seismic performance. 

4. Infill walls contributed to increased stiffness, reduced 

displacements by 25–40%, and delayed hinge formation, 

thereby enhancing the collapse resistance of the building. 

5. However, if not uniformly distributed, infills can also introduce 

irregularities of their own. 

6. Base shear capacity was consistently higher in regular 

structures compared to irregular ones under both static and 

dynamic analyses. 

7. Among all irregularities studied, soft storey and setback 

conditions were the most detrimental to seismic safety. 

8. Mass irregularities had less impact individually, but when 

combined with other irregularities, their effect became severe. 

9. The findings strongly emphasize the need for special seismic 

provisions in design codes (e.g., IS 1893, IS 456) for irregular 

buildings. 

10. Regular structures, or those with uniformly distributed stiffness 

and mass, remain inherently safer against seismic events. 

VI.REFERENCES 

1. Eggert V. Valmundsson1 and James M. Nau/ Member, 

ASCE “Seismic response of building frames with vertical 

structural irregularities” 30/ Journal of structural 

engineering / January 1997 Struct. eng. 1997.123:30-41. 

2. Diptesh Das and C.V.R. Murty “Brick masanory infills in 

seismic design of rc frame buildings part1 cost 

implication”. July 2004, the Indian concrete journal. 

3. C.M. Ravi Kumar1, K.S. Babu Narayan, M.H. Prashanth, 

H.B Manjunatha andD. VenkatReddy, Research Scholar, 

Department of Civil Engineering, National Institute of 

Technology Karnataka, Surathkal, Karnataka “Seismic 

performance evaluation of rc buildings with vertical 

irregularity” Indian Society of Earthquake Technology 

Department of earthquake engineering building IIT 

Roorkee, october 20-21, 2012. 

4. Mr. Gururaj B. Katti ,Dr. Basavraj S. Balapgol Department 

of Civil Engineering, PG studentLate G. N. Sapkal College 

of Engineering, Anjaneri Nashik-422413, India “Seismic 

Analysis of Multi-storeyed RCC Buildings due to Mass 

Irregularity by Time History” Analysis International 

Journal of Engineering Research & Technology (IJERT) 

ISSN: 2278-0181 Vol. 3 Issue 7, July – 2014. 

5. Shaikh Abdul Aijaj Abdul Rahman, Girish Deshmukh PG 

Student ME (Structural Engineering) Final Year , 

Department of Civil Engineering, MGM’s College of 

Engineering Nanded, Maharashtra.”Seismic Response of 

Vertically Irregular RC Frame with Stiffness Irregularity at 

Fourth Floor”. 

6. Rahiman g. Khan , prof. M. r. Vyawahare , Department of 

civil engineering, b.n.c.o.e, pusad 2(assist. professor 

department of civil engineering, b.n.c.o.e, pusad “ Push 

over analysis of tall building with soft stories at different 

levels” International Journal of Engineering Research and 

applications (ijera) issn: 2248-9622 www.ijera.com vol. 3, 

issue 4, jul-aug 2013. 

7. Suchita Hirde and Ganga Tepugade(2014), “Seismic 

Performance of Multistory Building with Soft Storey at 

Different Level with RC Shear Wall” International Journal 

of Current Engineering and Technology E-ISSN2277–

4106, P-ISSN2347–5161. 

8. Dr. S.K. Dubey, P.D. Sangamnerkar “seismic behaviour of 

aasymetric rc buildings” International Journal of 

Advanced Engineering Technology E-ISSN 0976-3945 

IJAET/Vol.II/ Issue IV/October-December, 2011/296-301 

Research Article. 

9. Devesh P. Soniand Bharat B. Mistry,Sardar Vallabhbhai 

Patel Institute of Technology (SVIT), Vasad,“Qualitative 

review of seismic response vertically irregular building 

frames” ISET Journal of Earthquake Technology, 

Technical Note, Vol. 43, No. 4, December 2006, 

10. Poonam, Anil kumar and Ashok k. Gupta “Study of 

response of structurally irregular building frames to 

seismic excitations” International Journal of Civil, 

Structural, Environmental and Infrastructure Engineering 

Research and Development (IJCSEIERD) ISSN 2249-

6866 Vol.2, Issue 2 (2012) 25-31. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijera.com/

