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Abstract— For seismic evaluation of a high rise structure 

having vertical irregularities firstly we need to carry out 

seismic analysis of a building by one of methods including 

time history method, response spectra method and static 

equivalent method and for wind analysis static method need 

to be used. Further building can be similarly analyzed 

computationally using STAAD Pro. by static equivalent 

method and static method. Effects due to vertical irregularity 

on a high rise structure can be studied by varying loads and 

load combinations. Case study of comparison of such 

building with and without vertical irregularity is in progress.  
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I. INTRODUCTION 

It is understood that buildings which are regular in elevation 

performs much better than those which have irregularity in 

elevation under dynamic loading. Irregularities are not 

avoidable in construction of buildings. However, a detailed 

study to understand structural behaviour of the buildings with 

irregularities under dynamic loading such as seismic loads 

and wind loads is essential for appropriate design and their 

better performance. From last few decade, the number of tall 

structures and skyscrapers around the world has increased 

drastically which is serving many purpose like residential, 

offices etc. and many other commercial requirements. 

Beautiful aesthetic appearance and eye catching shapes and 

projections of the structures has increased the demand of tall 

structure. In the perspective of structural engineer designing 

such eye catching shapes and the projections in a high rise 

structures is a challenging job to study the behaviour of 

structure. In vertically irregular structure, failure of structure 

starts at a point of weakness. This weakness arises due to 

discontinuity in mass, stiffness and geometry of structure. 

The structures having this discontinuity are termed as 

Irregular Structure. So, The effect of vertical irregularities in 

the seismic and the wind load performance of a structure 

becomes really important. Height wise changes in stiffness 

and mass render the dynamic characteristics of these 

buildings different from regular building. 

II. LITERATURE REVIEWS 

G. Guruprasad et. al (1) Evaluated G+15 storey building by 

considering irregularity in plan. The dynamic analysis by 

using ETABS software was done to study story drift, story 

shear, support reactions, building mode section cut forces of 

RC building with plan irregularity in terms of performance 

point and the effect of earthquake forces on the multi storey 

building frame with the help of dynamic analysis in zone v 

according to IS 1893:2002.The irregularity in terms of plan L 

and C shapes are taken into consideration. It was observed 

that the maximum value of storey shear was observed for L-

shape plan than regular building and C-shape building. From 

evaluation it was concluded that rectangular and L-shape 

buildings in plan perform better in case of dynamic analysis 

as compared to C-shape buildings. 

Piyush mandloi et. al (2) Analyzed four different 

building models which are vertically irregular as well as each 

model is analyzed for mass irregularity and the results were 

compared with regular building in geometry and mass. The 

seismic analysis was done to study storey deflection, storey 

drift, overturning moment and base reaction in all four 

models by considering different time histories which are 

chichi(1999), petrolia(1992), friuli(1976), northridge(1994) 

and sylmar respectively. Result showed that the designs 

worked for seismic zones must consider time history data 

while designing vertical and mass irregular building. 

Nonika. N et. al (3) Performed seismic analysis on 

16 storey building, symmetrical in plan and irregular in 

elevation for seismic zone II, III, IV and V. The Response 

Spectrum Method was used to find maximum displacement, 

storey drift, base shear and natural time period. Results 

shows, The base shear and lateral displacement gradually 

increased with increase in zone factors for both the models, 

However lateral displacement is less in regular model as 

compared to vertical irregular model. 

Anupam Rajmani et. al (4) Performed wind and 

earthquake analysis for a different shapes of high rise 

buildings such as rectangular, triangular, square and circular. 

The buildings are planed such that base area of each model is 

same. Apart from different shapes the models were also 

analyzed by considering three different storey height such as 

15 storey, 30 storey and 45 storey. Results shows, For 15 

storey building the most stable structure is circular and 

triangular shape for maximum earthquake and maximum 

wind load respectively. Similarly for 30 storey building 

rectangular shape is most stable for maximum earthquake and 

wind load and for 45 storey building circular and rectangular 

shape is most stable for maximum earthquake and wind load 

respectively. 

Albert Philip et. al (5) Performed Response 

Spectrum Analysis on a 13 storey buildings, irregular in plan 

by using ETABS-2015 software for seismic zone III in India, 

also to carryout ductility based design using IS 13920. The 

analysis was done to compare parameters such as storey 

displacement, storey drift, storey shear and stiffness with 

each other and with respect to floors. Results shows, Storey 

displacement increases linearly with height of the building; 

maximum storey drift is observed at second floor for irregular 

structure and at fourth floor for regular structure; maximum 

storey shear force was observed between ground floor and 

second floor for regular structure and at ground floor for 

irregular structure and the value decreases linearly with 

height; storey stiffness varies non-linearly for both the 

structures with maximum value at ground floor. 
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Vidhya Purushothaman et. al (6) Evaluated fifteen 

storey building, irregular in plan configuration such as 

Rectangular, C-shape, L-shape and H-shape along with two 

different composite columns made of concrete and steel 

sections. Seismic response spectrum analysis was done for 

seismic zone three by using ETABS-2015 and the results of 

base shear, storey displacement and storey drift are compared 

with each other. It was observed that rectangular plan 

building shows better base shear resistance for both type of 

composite columns, However L-shape building has lesser 

resistance to base shear in either composite column section. 

The values of storey drift are more in rectangular building in 

case of concrete filled steel tube column and it is more in L-

shape building in case of encased I section column. However, 

storey displacements are more in rectangular and L-shape 

plan in both composite column section. 

V. Guruprasad et. al (7) Studied effect of P-DELTA 

on structural irregularities in high rise buildings. There are 

two types of irregularities such as plan irregularity and 

vertical irregularity considered, In case of plan irregularity C, 

L, H and T shape plans and In case of vertical irregularity 

stiffness, geometric and mass irregularity are taken and the 

results were compared with a regular rectangular structure. 

Apart from irregularity five different storey height are also 

consider for analysis. From the results of storey displacement, 

moment and storey drift; it was observed that structures with 

irregularity configuration are 40% more prone to 

destabilizing stresses when compared to conventional 

rectangular non-irregular structure. 

Mr. Pathan Irfan Khan et. al (8) Reviewed data of 

different vertical irregular RCC structure having mass 

irregularity at a different floors. The response spectrum 

analysis of a vertical irregular structure was performed by 

using STAAD Pro and the results of storey drift, storey 

displacement and base shear are compared with conventional 

regular structure. It was observed that lateral displacement of 

the building is reduced as the percentage of irregularity 

increase. 

Shashiknath H. et. al (9) Analyzed fifteen storey 

vertical geometric irregular RC structure subjected to wind 

load according to IS 456-2000 and IS 875-1987 by using 

ETABS software package. The results of storey 

displacement, storey drift and base shear were compared with 

regular structure. 

Mr. Sagar B. Patil et. al (10) Studied behavior of 

plan and vertical irregularity of a structure by time history 

analysis and response spectrum analysis using ETABS 

according to IS 1893-2002. From the results of response 

spectrum analysis it was noted that the storey drift and storey 

displacement is maximum in both irregular plan and vertical 

irregular structure. 

III. DETAIL STUDY 

A. Study on Concept of High Rise Structure 

A high-rise structure is a multi-story structure between 35-

100 meters tall, or a building of unknown height having more 

than 12 floors used mainly as a residential and/or office 

building. Advances in construction technology, materials, 

structural systems and analytical methods for analysis and 

design facilitated the growth of high rise structures. High-rise 

structures became possible with the invention of the elevator 

and cheaper, more abundant building materials. The materials 

used for the structural system of high-rise structure are 

reinforced concrete and steel. A building with fifty or more 

stories is generally considered as a skyscraper. High-rise 

structures pose particular design challenges for structural 

engineers, particularly if situated in a seismically active 

region or if the structure is exposed to high wind forces. 

Meanwhile high-rise structures have technical and economic 

advantages in areas of high population density and in regions 

where horizontal development is restricted or not possible 

and hence have become a distinctive feature of housing 

accommodation in virtually all densely populated urban areas 

around the world. 

B. Vertical Irregularities and Its Seismic Effect 

Vertical Irregularities are mainly of five types: 

1) Stiffness Irregularity: 

a) Soft Story: 

A soft story is one in which the lateral stiffness is less than 70 

per-cent of the story above or less than 80 per-cent of the 

average lateral stiffness of the three stories above. 

b) Extreme Soft Story: 

It is one in which the lateral stiffness is less than 60 per-cent 

of that in the story above or less than 70 per-cent of the 

average stiffness of the three Story’s above. 

2) Mass Irregularity: 

When the weight of any story is more than 200 percent of the 

adjacent story, then it considered as mass irregularity. 

3) Vertical Geometric Irregularity: 

A structure is considered to be Vertical geometric irregular 

when the horizontal dimension of the lateral force resisting 

system in any story is more than 150 percent of that in its 

adjacent story. 

4) In-Plane Discontinuity in Vertical Elements Resisting 

Lateral Force: 

An in-plane offset of the lateral force resisting elements 

greater than the length of those elements. 

5) Discontinuity in Capacity 

Weak Story-A weak story is one in which the story lateral 

strength is less than 80 per-cent of that in the story above 

Vertical irregularities are one of the major reasons 

of failures of structures during earthquakes. For example 

structures with setbacks and step backs are the remarkable 

structures which collapsed. So, the effect of vertically 

irregularities in the seismic performance of structures 

becomes really important. The dynamic characteristics of 

buildings with vertically irregular configuration differ from 

the regular building. When such buildings are constructed in 

high seismic regions the analysis and design becomes more 

complicated. Hence structural engineer needs to have a 

thorough understanding of the seismic response of structures 

having vertical irregularities. 

C. To Study Seismic Analysis method: 

Seismic Zones of India: The varying geology at different 

locations in the country implies that the likelihood of 

damaging earthquakes taking place at different locations is 

different. Thus, a seismic zone map is required to identify 

these regions. Based on the levels of intensities sustained 

during damaging past earthquakes, the 1970 version of the 
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zone map subdivided India into five zones – I, II, III, IV and 

V (Figure 4.3). The maximum Modified Mercalli (MM) 

intensity of seismic shaking expected in these zones were V 

or less, VI, VII, VIII, and IX and higher, respectively. Parts 

of Himalayan boundary in the north and northeast, and the 

Kachchh area in the west were classified as zone V.  The 

seismic zone maps are revised from time to time as more 

understanding is gained on the geology, the seismotectonics 

and the seismic activity in the country. The Indian Standards 

provided the first seismic zone map in 1962, which was later 

revised in 1967 and again in 1970. The map has been revised 

again in 2002 (Figure 4.4), and it now has only four seismic 

zones – II, III, IV and V. The areas falling in seismic zone I 

in the 1970 version of the map are merged with those of 

seismic zone II. Also, the seismic zone map in the peninsular 

region has been modified. Madras now comes in seismic zone 

III as against in zone II in the 1970 version of the map. This 

2002 seismic zone map is not the final word on the seismic 

hazard of the country, and hence there can be no sense of 

complacency in this regard. 

The national Seismic Zone Map presents a large 

scale view of the seismic zones in the country. Local 

variations in soil type and geology cannot be represented at 

that scale. Therefore, for important projects, such as a major 

dam or a nuclear power plant, the seismic hazard is evaluated 

specifically for that site. Also, for the purposes of urban 

planning, metropolitan areas are microzoned. Seismic 

microzonation accounts for local variations in geology, local 

soil profile, etc. 

Seismic Analysis Method: Seismic analysis is a 

subset of structural analysis and is the calculation of the 

response of a building or structure to earthquakes. It is part of 

the process of structural design, earthquake engineering or 

structural assessment and retrofit in regions where 

earthquakes are prevalent. 

To do seismic analysis of building following methods are 

used 

 Seismic Analysis By Response Spectra 

 Seismic Response By Time-History Analysis 

 Equivalent Static Method 

Out of which we are going to study base shear method 

by IS 1893:2000 in detail i.e. equivalent static method. 

Earthquake motion causes vibration of the structure 

leading to inertia forces. Thus a structure must be able to 

safely transmit the horizontal and the vertical inertia forces 

generated in the super structure through the foundation to the 

ground. Hence, for most of the ordinary structures, 

earthquake-resistant design requires ensuring that the 

structure has adequate lateral load carrying capacity. Seismic 

codes will guide a designer to safely design the structure for 

its intended purpose. Seismic codes are unique to a particular 

region or country. In India, IS 1893 is the main code that 

provides outline for calculating seismic design force. This 

force depends on the mass and seismic coefficient of the 

structure and the latter in turn depends on properties like 

seismic zone in which structure lies, importance of the 

structure, its stiffness, the soil on which it rests, and its 

ductility. Part I of IS 1893:2002 (here after we refer it as the 

code) deals with assessment of seismic loads on various 

structures and buildings. Whole the code centres on the 

calculation of base shear and its distribution over height. 

Depending on the height of the structure and zone to which it 

belongs, type of analysis i.e., static analysis or dynamic 

analysis is performed. 

The total design lateral force or design seismic base shear 

(Vb) along any principal direction shall be determined by the 

following expression: 

Vb=Ah×W 

Now, the design horizontal seismic coefficient can 

be determined by following expressions from IS 1893:2002 

(Part 1), clause 6.4.2 

Ah =
ZI

2R

Sa

g
 

Provided that for any structure with T <0.1 s, the 

value of Ah will not be taken less than Z/2 whatever be the 

value of I/R 

Z = Zone factor, to be taken from IS1893:2002 (Part 1), 

clause 6.4.2 (Table 2) 

I= Importance factor, depending upon the functional use of 

the structures, characterized by hazardous consequences of its 

failure, post-earthquake functional needs, historical value, or 

economic importance IS 1893:2002 (Part 1),clause 6.4.2 ( 

Table 6 ). 

R =Response reduction factor, depending on the perceived 

seismic damage performance of the structure, the ratio (I/R) 

shall not be greater than 1.0(Table 7). The values of R for 

buildings are given in IS 1893:2002 (Part 1), clause 6.4.2 

(Table 7) 
Sa

g
= Average response acceleration coefficient, Depends on 

type of soil and is taken from IS 1893:2002 (Part 1), clause 

6.4.5.for this fundamental natural period T is required which 

can be taken as clause 7.6.1, 1893:2002 (Part 1). 

Thus by obtaining the values as shown above value of 

acceleration Ah can be found out. 

Also, 

W = Total seismic weight of the structure 

It depends on the no. of stories structure has and total load 

each storey carries, total earthquake load is calculated for 

single storey similarly for each storey load is taken out and 

sum of loads from each floor is total seismic weight of 

structure i.e.W 

For % of imposed load on structure clause 7.3.1 

from 1893:2002 (Part 1) can be referred which can be taken 

as per (Table 8). 

By obtainingAh andW, design base shear can be calculated 

(Vb). 
The design base shear (Vb) computed in 7.5.3 shall 

be distributed along the height of the building as per the 

following expression: 

Qi = Vb
Wihi2

∑ Wjhj2n
j=1

 

Where 

Qi = Design lateral force at floor i, 

Wi = Seismic weight of floor i, 

hi= Height of floor i measured from base, 

n = Number of storeys in the building is the number of levels 

at which the masses are located. 

Wind Analysis Method: Wind is air in motion 

relative to the surface of the earth. The primary cause of wind 
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is related to earth’s rotation and differences in terrestrial 

radiation. The radiation effects are primarily responsible for 

convection either upwards or downwards. The wind generally 

blows horizontal to the ground at high wind speeds. Since 

vertical components of atmospheric motion are relatively 

small, the term ‘wind’ denotes almost exclusively the 

horizontal wind, vertical winds are always identified as such. 

The wind speeds are assessed with the aid of anemometers or 

anemographs which are installed at meteorological 

observatories at heights generally varying from 10 to 30 

metres above ground. Very strong winds ( greater than 80 

km/h )are generally associated with cyclonic storms, 

thunderstorms, dust storms or vigorous monsoons. 

A feature of the cyclonic storms over the Indian area 

is that they rapidly weaken after crossing the coasts and move 

as depressions/lows inland. The influence of a severe storm 

after striking the coast does not, in general exceed about 60 

kilometres, though sometimes, it may extend even up to 120 

kilometres. Very short duration hurricanes of very high wind 

speeds called Kal Baisaki or Norwesters occur fairly 

frequently during summer months over North East India. The 

wind speeds recorded at any locality are extremely variable 

and in addition to steady wind at any time, there are effects of 

gusts which may last for a few seconds. These gusts cause 

increase in air pressure but their effect on stability of the 

building may not be so important; often, gusts affect only part 

of the building and the increased local pressures may be more 

than balanced by a momentary reduction in the pressure 

elsewhere. Because of the inertia of the building, short period 

gusts may not cause any appreciable increase in stress in main 

components of the building although the walls, roof sheeting 

and individual cladding units (glass panels) and their 

supporting members such as purlins, sheeting rails and 

glazing bars may be more seriously affected. Gusts can also 

be extremely important for design of structures with high 

slenderness ratios. 

The liability of a building to high wind pressures 

depends not only upon the geographical location and 

proximity of other obstructions to air flow but also upon the 

characteristics of the structure itself. The effect of wind on 

the structure as a whole is determined by the combined action 

of external and internal pressures acting upon it. In all cases, 

the calculated wind loads act normal to the surface to which 

they apply. The stability calculations as a whole shall be done 

considering the combined effect, as well as separate effects 

of imposed loads and wind loads on vertical surfaces, roofs 

and other part of the building above general roof level.  

Buildings shall also be designed with due attention to the 

effects of wind on the comfort of people inside and outside 

the buildings. 

Basic Wind Speed: Basic wind speed is based on 

peak gust velocity averaged over a short time interval of 

about 3 seconds and corresponds to mean heights above 

ground level in an open terrain (Category 2 ). Basic wind have 

been worked out for a 50year return period. 

1) Design Wind Speed ( Vz) (Clause 5.3 IS 875 Part III): 

The basic wind speed ( Vz ) for any site shall be obtained 

from Fig. 1 and shall be modified to include the following 

effects to get design wind velocity at any height ( V, j for the 

chosen structure: 

1) Risk level 

2) Terrain roughness, height and size of structure and 

3) Local topography. 

It can be mathematically expressed as follows 

Vz= Vb K1K2 K3 

Where 

Vb = design wind speed at any height z in m/s; 

K1 = probability factor (risk coefficient) (Clause 5.3.1 IS 875 

Part III); 

K2 = terrain, height and structure size factor (Clause 5.3.2 IS 

875 Part III); and 

K3 = topography factor (Clause 5.3.3 IS 875 Part III ). 

2) Pressure Coefficients: 

The pressure coefficients are always given for a particular 

surface or part of the surface of a building. The wind load 

acting normal to a surface is obtained by multiplying the area 

of that surface or its appropriate portion by the pressure 

coefficient (C,) and the design wind pressure at the height of 

the surface from the ground. The average values of these 

pressure coefficients for some building shapes are given in 

Clause 6.2.2 and Clause 6.2.3 of IS 875 Part III. Average 

values of pressure coefficients are given for critical wind 

directions in one or more quadrants. In order to determine the 

maximum wind load on the building, the total load should be 

calculated for each of the critical directions shown from all 

quadrants. Where considerable variation of pressure occurs 

over a surface, it has been subdivided and mean pressure 

coefficients given for each of its several parts. In addition, 

areas of high local suction (negative pressure concentration) 

frequently occurring near the edges of walls and roofs are 

separately shown. Coefficients for the local effects should 

only be used for calculation of forces on these local areas 

affecting roof sheeting, glass panels, individual cladding units 

including their fixtures. They should not be used for 

calculating force on entire structural elements such as roof, 

walls or structure as a whole. 

3) Wind Load on Individual Members (Clause 6.2.1 IS 875 

Part III): 

When calculating the wind load on individual structural 

elements such as roofs and walls, and individual cladding 

units and their fittings, it is essential to take account of the 

pressure difference between opposite faces of such elements 

or units. For clad structures, it is, therefore, necessary to know 

the internal pressure as well as the external pressure. 

Then the wind load, Facing in a direction normal to 

the individual structural element or cladding unit is: 

F= (Cpe - Cpi) A . Pa 

Where 

Cpe = external pressure coefficient, 

Cpi= internal pressure- coefficient, 

A = surface area of structural element or cladding unit, 

Pa = design wind pressure. 

IV. CONCLUSION 

Structures having vertical irregularity such as mass 

irregularity, plan irregularity, geometrical irregularity etc. 

subjected to wind and earthquake forces tends to affect more 

damage than regular rectangular structures. From the research 

papers reviewed it has been observed that design and analysis 

parameters such as stiffness, storey displacement, storey drift, 

base shear and natural time period are vulnerable and shows 
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abnormal values when compared to regular rectangular 

structures. For higher earthquake zones and wind speed it is 

mandatory to provide lateral load resisting system for 

vertically irregular structure. 

REFERENCES 

[1] G. Guruprasad , G. Srikanth (2017), "Seismic Evaluation 

of Irregular Structures", International Journal of 

Research in Advanced Engineering Technologies, Vol. 

6, Issue 2, pp 26-35. 

[2] Piyush Mandloi, Prof. Rajesh Chaturvedi (2017), 

"Seismic Analysis of vertical Irregular Building with 

Time History Analysis", IOSR Journal of Mechanical 

and Civil Engineering, Vol. 14, Issue 4 Ver. 3, pp 11-18. 

[3] Nonika. N, Mrs. Gargi Danda De (2015), "Comparative 

Studies on Seismic Analysis of Regular and Vertical 

Irregular Multistoried Building", International Journal 

for Research in Applied Science and Engineering 

Technology, Vol. 3, Issue VII, pp 396-407. 

[4] Anupam Rajmani, Prof. Priyabrata Guha (2015), 

"Analysis of Wind and Earthquake Load for Different 

Shapes of High Rise Building", International Journal of 

Civil Engineering and Technology, Vol. 6, Issue 2, pp 

38-45. 

[5] Albert Philip, Dr. S. Elavenil (2017), "Seismic Analysis 

of High Rise Buildings with Plan Irregularity", 

International Journal of Civil Engineering and 

Technology, Vol. 8, Issue 4, pp 1365-1375. 

[6] Vidhya Purushothaman, Archana Sukumaran (2017), 

"Comparative Study on Seismic Analysis of Multistoried 

Buildings with Composite Columns", International 

Journal of Engineering Research and Technology, Vol. 

6, Issue 6, pp 555-561. 

[7] Guruprasad, Arunkumar. B. N. (2016), "Study of 

Structural Irregularities in High Rise Building with P-

Delta Effect", International Journal of Research in 

Engineering and Technology, Vol. 5, Issue 9, pp 242-

249. 

[8] Mr. Pathan Irfan Khan, Dr. Mrs. N. R. Dhamge (2016), 

"Review Paper on Seismic Analysis of Multistoried RCC 

building Due to Mass Irregularity", International Journal 

of Scientific Development and Research, Vol. 1, Issue 6, 

pp 428-431. 

[9] Shashiknath H, Sanjith J, N Darshan (2017), "Analysis 

of Vertical Geometric Irregularity in RC Structure 

Subjected to Wind Load", International Journal of 

Scientific Development and Research, Vol. 2, Issue 9, pp 

102-109. 

[10] Mr. Sagar B. Patil, Prof. Gururaj B. Katti (2015), "Study 

of Behaviour of Plan and Vertical Irregularity by Seismic 

Analysis", International Journal for Scientific Research 

and Development, Vol. 3, Issue 4, pp 253-254. 


