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Abstract
Major structural collapses occur when a building is under the 
action of Dynamic Loads which includes both Earthquake and 
Wind loads. In these modern days, most of the structures are 
involved with architectural importance and it is highly impossible 
to plan with regular shapes. These irregularities are responsible 
for structural collapse of buildings under the action of dynamic 
loads. Hence, extensive research is required for achieving ultimate 
performance even with a poor configuration. In the present work, 
“Effect Of Vertical Irregularity In Multi-Storied Buildings Under 
Dynamic Loads Using Linear Static Analysis”, considering four 
types of 20- Storied 3-D frames (i.e., a symmetrical elevation 
configuration throughout its height and three other frames with 
unsymmetrical vertical configuration starting from tenth floor, 
placed at corner, at the center and at edge of the plan respectively) 
it is focused to study their response using Linear Static Analysis. 
From the studied results of the analysis of four frames, it is 
observed that in the regular frame, there is no torsional effect 
in the frame because of symmetry. The response for vertically 
irregular buildings is different for the columns which are located 
in the plane perpendicular to the action of force. This is due to 
the torsional rotation in the structure. 
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I. Introduction
 A building is said to be a regular when the building configurations 
are almost symmetrical about the axis and it is said to be the 
irregular when it lacks symmetry and discontinuity in geometry, 
mass or load resisting elements. Asymmetrical arrangements 
cause a large torsion force. IS 1893: 2002 (part1) has explained 
building configuration system for better performance of RC 
buildings during earthquakes. The building configuration has been 
described as regular or irregular in terms of the size and shape of the 
building, arrangement of structural the elements and mass. There 
are two types of irregularities 1) Horizontal irregularities refers 
to asymmetrical plan shapes (L, T, U and F) or discontinuities 
in horizontal resisting elements such as re-entrant corners, large 
openings, cut outs and other changes like torsion, deformations 
and other stress concentrations, 2) Vertical irregularities referring 
to sudden change of strength, stiffness, geometry and mass of a 
structure in vertical direction. The main objective of the present 
work is to study the response of the irregular structures under 
dynamic loads.  In this present study it is proposed to consider 
the building frames that are irregular in elevation and analyze the 
response and behaviour of the structures under earthquake and 
wind loads. For this purpose, four RC building frames are selected 
and it is proposed to analyze all the frames that are considered 
and are modeled. STAAD [2] analysis package is proposed for 
the analysis of all structures, to get the all nodal displacements. 
Frames considered in this study are 20- Storied 3-D frames with 
symmetrical elevation configuration throughout its height and 
three other frames with unsymmetrical vertical configuration 
starting from tenth floor, placed at corner, at the center and at 

edge of the plan respectively as shown in Figure 1. It is proposed 
that the responses of all the above frames are to be determined for 
all the load combinations. Lateral loads and Storey shears of all 
the four frames due to earthquake loads is proposed to determine 
using ESA (linear static analysis) method, even though the IS 
1893(Part 1) : 2002 has recommended dynamic analysis (linear 
dynamic analysis). Lateral loads on all the four frames due to 
Wind load is proposed to determine as per ASCE-7: 2002 [3] in 
the analysis of the building frames.

Fig. 1: Frames of Different Configuration (1, 2, 3 and 4)

II. Modeling 
The analysis of frames with different vertical irregularities is to 
be performed. For this purpose, four frames are selected as shown 
in Figure 1. Frame-1 is a regular frame that consists of twenty 
storeys with a symmetrical plan configuration of square shape [7] 
provided with 6 x 6 bays as shown in Figure 1 and is considered 
whose centre of mass coincides with the centre of rigidity. Three 
other frames (6 x 6 bays up to tenth floor and 2 x 2 bays from tenth 
floor to twentieth floor) with unsymmetrical vertical configuration 
starting from tenth floor, placed at corner, at the center and at 
edge of the plan respectively are also considered. All these are 
20-storied building frames with floor heights of 4m except ground 
floor and bay size of 5m x 5m.height of ground floor is 5m and 
the total height of the all building frames is 81m ( Figure 2 ) . 
As per IS code 1893 -2002, the natural time period is 2.025 sec. 
Number of members, nodes and supports of all four building 
frames  are  given in the Table 1. Material properties considered 
for the analysis using STAAD are given in the Table 2. Physical 
properties of members selected for the analysis are given in the     
Table 3. Dead load and Live loads considered for the analysis are 
given in Table 4. Earthquake loads considered for the calculation 
of seismic weights are as per the IS 1893(Part 1): 2002 and are 
given in the Table 5.
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Table 1: Member, Nodes and Supports for All Frames
Building 
frames Regularity Number of 

members
Number of 
nodes

Number of 
supports(fixed)

Frame-1 Regular in 
vertical 2660 1029 49

Frame-2 Irregular in 
vertical 1540 629 49

Frame-3 Irregular in 
vertical 1540 629 49

Frame-4 Irregular in 
vertical 1540 629 49

Fig. 2 Selected Frames with Shapes, Supports, Nodes and 
Framing 

Table 2: Material Properties Considered for the Analysis

  Modulus  of  
elasticity (E)
kN/m2

Poisson 
ratio

Unit 
Weight
    kN/
m3

Coefficient 
of thermal 
expansion 
@ / 0K

Damping 
ratio

2.17185E+007 170 E-3 23.561 1E-005 0.05

Table 3: Physical properties of the columns and beams
Member Size
Columns for all floors 450mm x 450mm
Beams for all floors 300mm x 450mm

Table 4: Dead load and Live loads considered for the analysis
Type of load Load value
Dead load
On floor slabs
Self weight 3.75 kN/m2

partition wall (assumed) 2.00 kN/m2

floor finish (assumed) 1.00 kN/m2

Total dead load on floors 6.75 kN/m2

On roof slab

Self weight 3.75 kN/m2

weathering course (assumed) 2.00 kN/m2

Total dead load on roof 5.75 kN/m2

Live load
On floor slabs
Live load on floors 2.50 kN/m2

On roof slab
Live load on floors 1.50 kN/m2

Table 5: Loads considered for the calculation of seismic 
weights
Loads on the floors
Full dead load acting on the floor plus 25 percent of live load 
(since, as per clause 7.3.1 Table 8 of IS 1893(Part 1):2002, 
for imposed uniformly distributed floor loads of 3 kN/m2 
or below, the percentage of imposed load is 25 percent) = 
6.75+((25/100)x2.5) = 7.375 kN/m2

Loads on the roof slab
Full dead load acting on the roof (since, as per clause 7.3.2, 
for calculating the design seismic forces of the structure, the 
imposed  load on roof need not be considered.) hence take  
the load as  5.75 KN/m 2

For the analysis purpose, these structures are assumed to be located 
in zone-V (zone factor-0.36) on site with medium soil and Sa/g 
value taken from the figure 2 of IS-1893: 2002 i.e., Response 
spectra for rock and soil sites for 5% damping. These structures are 
taken as general building and hence Importance factor is taken as 1 
and the frames are proposed to have ordinary RC moment resisting 
frames and hence the Reduction factor is taken as 3.Wind loads 
are considered as per ASCE-7: 2002 in the analysis of building 
frames. Building classification category as obtained from Table 1.1 
in ASCE-7:02. Category can be I, II, III or IV. Basic Wind Speed 
as described in section 6.5.4 of the ASCE-7: 02- code. The wind 
speed considered for this work is 180 KMPH. In this case it is 
proposed to take as building structure with coefficient of exposure 
0.8 Response of the building frame structures is studied mainly 
for the dominated load combination  i.e. 1.5DL ±1.5EL or WL 
in both X-direction and Z- direction for the selected columns at 
different levels including roof displacement.

III. Results and Observations
In this study nodal displacements and drifts of the selected columns 
that are determined are studied and observed for a comparison. 
Also different load combinations, both in earthquake and wind 
loads are considered. Frame wise observations are discussed in 
detail with floor displacement figures. Only few results and figures 
are presented in this paper. Figure 3 shows the deformed shapes 
of all the frames for load combination of 1.5DL+1.5ELX
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Table 6: Nodal displacements of the selected building frames 1, 2, 3 and 4 and for the selected columns at ground, 10th and roof 
levels for earthquake load combinations in X-Direction
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Fig. 3: Deformed shape of the 3-D Frame for the load combination 
(1.5DL+1.5ELX) for the frames 1, 2, 3 and 4 

Frame-1: The roof displacement for the four corners 1, 2, 3 and 
4 of the above Figure  for the load case (1.5DL+1.5(ELX)) is 
433.354mm, 432.77mm, 432.77mm and 433.354mm for the 
frame-1 which is a regular frame. It is observed that, there is 
no torsion effect in the frame because of symmetry that is the 
centre of mass coincides with the centre of rigidity and the lateral 
displacements of the four corners are same in the direction of 
earthquake force. The displacements at the positive corners are 
more than the displacements at the negative corners in all the cases 
but the amount of difference in the displacement is very slight. 
The roof displacement values are same in the case of earthquake 
loads in positive X, negative X, positive Z and negative Z load 
combinations as shown in Figure 3. Displacement distribution 
throughout the height of the columns in the eight load combinations 
is same. This is because the building is a regular in all aspects. 
The same is observed in the case of wind loads. It is also observed 
that the earthquake load is dominating than the wind load of given 
intensity and exposure for this regular building and the responses 
in all the nodes in the case of earthquake is more than the wind 
load . As per clause 7.11.1 of IS 1893(Part 1)-2002, the storey 
drift limitation shall not exceed 0.004 times the storey height that 
is (0.004x4) = 16mm. It is observed that the storey drift limitation 
exceeds slightly for the bottom floors and is within the limits for 

the top floors. We may overcome this by increasing the stiffness 
of columns at the bottom floors.

Frame-2: In the positive x-direction when the columns 1, 2, and 6 
are subjected to earthquake load the response of these columns are 
approximately equal except the roof in the column 2. In case of 
wind load the response of columns 1, 2, and 6 are approximately 
equal. In the same direction when the columns 7 and 8 are 
subjected to earthquake load their responses are approximately 
equal. In the case of wind load the responses of columns 7 and 
8 are approximately equal. In the same way the responses of the 
columns 3 and 4 are approximately equal. The drifts of the columns 
1, 2 and 6 in their corresponding levels are approximately equal 
up to 10th floor when subjected to earthquake load and wind load 
in positive x-direction respectively. The drift decreases level by 
level in small value up to 10th floor. The drift suddenly increases 
in large value from 10th to 11th floor in columns 1 and 6 in both 
load cases. In case of earthquake load the difference of the drift 
between 11th and 10th floor in column 1 is 20.641mm (Figure 
5.2). The drift decreases in small value from 11th floor onwards. 
In column 6 the difference of the drift between 10th and 11th floor 
is 22.152mm. From 11th floor onwards the drifts vary in small 
value. The drifts of columns 1 and 6 are approximately equal from 
11th to 20th floor. In case of wind load the difference of the drift 
between 10th and 11th floor in column 1 is 9.487mm. In column 
6 the difference of the drift between the 10th and 11th floor is 
10.211mm. The drifts of the columns 1 and 6 are approximately 
equal from 11th to 20th floor.
The drifts of the columns 7 and 8 in their corresponding levels 
are approximately equal when subjected to earthquake load and 
wind load in the positive x-direction respectively. The drifts 
decreases in small value up to 10th floor and from 10th to 11th 
floor it suddenly increases in large value. In case of earthquake 
load the difference of the drifts between 10th and 11th floor in 
column 7 is 25.372mm and that in column 8 it is 23.81mm. In 
case of wind load the difference of the drift between the 10th 
and 11th floor in column 7 is 11.712mm and that in column 8 
it is10.925mm. The drifts decreases in small value from 11th to 
20th floor in both columns and in both load cases. The drifts in 
7 and 8 columns are approximately equal in their corresponding 
levels from 11th to 20th floor in their corresponding load cases. 
In case of columns 3 and 4 their drifts are approximately equal 
in their corresponding levels when subjected to earthquake load 
and wind load respectively.
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Fig. 4: Ground, 10th floor and roof displacements of frames for 
load combination 1.5DL+1.5ELX

IV. General Conclusion
The roof displacement for the corners of a regular frame is same. 
It is observed that, there is no torsional effect in the frame because 
of symmetry that is the centre of mass coincides with the centre 
of rigidity and the lateral displacements of the four corners are 
same in the direction of earthquake force. The same is observed 
in the case of wind loads.
The responses in the case of earth quake load is more than wind 
load, this is because the earthquake load is dominating than 

the wind load of given intensity and exposure for the regular 
building.
It is observed that the storey drift values in the regular building 
are more in the bottom floors than at the top floors both in 
earthquake and wind loads this is because shear is dominating 
than bending. 
In the case of corner columns of top floors of an irregular vertical 
building, the responses are less at bottom floors and more at top 
floors than in the  regular building  both plan and  vertical.
For a vertical irregular frame, where the corner bays only at the 
top floors, the response in positive direction of the corner column 
is more than in negative direction. Here the torsional effect is more 
in positive direction than in negative direction loading
In the vertical irregular building the response of columns at any 
floor will depend on the direction of earthquake and wind forces 
i.e., due to the torsional effects.
The location of the top floors in small plan size than bottom floors 
will have an effect on the response of the building. If the small 
plan size top floors are located at centre, then the response of the 
all the corner columns are same due to symmetry. If the small size 
top floors are at middle of one side, then the responses are more 
than the responses of location at centre. If the small size top floors 
at corners then the responses in this case is more than the above 
two cases. This is due to the increasing order of eccentricity.
In this vertical irregularity (6x6 bay frame for bottom ten floors, 
2x2 bay frame for top ten floors) there is sudden increase in the 
response and drift from tenth floor to eleventh floor. But there is 
maximum drift in between the eleventh and twelfth floor. This is 
due the sudden decrease in the stiffness. The drift values are very 
high than the drift as per clause 7.11.1 of IS 1893(Part 1)-2002, 
the storey drift limitation shall not exceed 0.004 times the storey 
height that is (0.004x4) = 16mm.
The responses for an unsymmetrical plan with vertical irregular 
building are different for the columns which are located in the plane 
perpendicular to the action of force. This is due to the torsional 
rotation in the structure. Additional lateral forces will be added to 
the existing lateral loads due to earthquake and wind loads, hence 
increase in the displacements. (Frame-2, frame-4).

V. Future Scope of Work
The importance of the configuration of a building was aptly 
summarized by Late Henry Degenkolb, a noted Earthquake 
Engineer of USA, as “If we have a poor configuration to start 
with, all the engineer can do is to provide a band-aid-improve a 
basically poor solution as best as he can. Conversely, if we start-off 
with a good configuration and reasonable framing system, even a 
poor engineer cannot harm its ultimate performance too much.” 
But with the extensive research work, the ultimate performance 
can be achieved even with poor configuration. 
It is highly impossible to get general conclusions by analyzing few 
irregular frames, however to get understanding to some extent, it 
required to study the responses and behaviour more unsymmetrical 
shapes both in plan and vertical irregularities. In these modern days, 
most of the structures are involved with architectural importance; 
hence it is highly impossible to plan with regular shapes. In this 
present study analysis is based on the linear static analysis. This 
is not sufficient to study the nonlinear behaviour of the structure. 
A great amount of research in nonlinear static analysis i.e., push 
over analysis is in progress and at the same time a great focus 
is also in the direction of nonlinear dynamic analysis.  To know 
the complete behaviour of the structure with irregularity from 
linear stage to the collapse stage, nonlinear dynamic analysis study 
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is required. This is possible, only by performing the simulation 
using Finite Element Method (FEM) or Applied Element Method 
(AEM) [4, 5] coding. 
Hence there is lots of scope for future work to study the behaviour 
of the very irregular shapes both plan and vertical, by performing 
nonlinear static analysis using pushover analysis and nonlinear 
dynamic analysis using Finite Element Method (FEM) or Applied 
Element Method (AEM).
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