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ABSTRACT

The performance of a building to the forces applied is dependent on many factors, such as shape, size of
elements of the building, materials used, etc. Considering shape as a factor, a building structure can be
classified as regular or irregular. Irregularity in a structure either in plan or elevation or both, makes the
structure more vulnerable to damage compared to a

regular structure. This paper presents a study of fifteen bare frame buildings (G+5) having the same weight, one
being the reference model which is a regular structure, other fourteen having irregularity in their plan. These
Moment resisting frame buildings with no infill walls, have been modelled and analysed using STAAD-PRO
software by Response Spectrum Analysis (RSA) for seismic conditions by the guidelines of 1S-1893 (Part 1):
2016. Earthquake force have been applied in X-direction and Z-direction. Results have been plotted in the form
of graphs depicting the response of each model in terms of base shear, frequency and displacement at each
storey. It has been concluded that due to the presence of plan irregularity there is an increase in either base
shear or displacement or both, in comparison to the reference model. The increase in the values of base shear
and displacement makes these structures more prone to damage.
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I INTRODUCTION

The performance of a building to the seismic forces applied is dependent on many factors, such as
shape, size of elements of the building, materials used, structural characteristics, etc. (Arnold, 2000). Irregularity
in a structure either in plan or elevation or both, makes the structure more vulnerable to damage compared to a
regular structure. Irregularity in plan may give rise to torsion due to the asymmetry of the structure as the centre
of mass (CM) and centre of stiffness (CS) does not coincide with each other. According to 1S-1893 (Part 1):
2016, torsional irregularity in a building structure occurs when the ratio of the maximum displacement at one
end in the direction of the lateral force to the minimum displacement at the far end is mora than 1.5. It can also
occur when the natural period of the first two translational mode of oscillation along each of their principle plan
directions is less than natural period of fundamental torsional mode of oscillation. Plan irregularity can also give
rise to the formation of re-entrant corners such as in the cases of L-shaped, U-shaped buildings, etc., which can
prove to be highly vulnerable places for cracking in a structure. This paper presents the comparative study of
seismic response of 15 buildings, one of which is a regular structure, taken as the reference model and other
fourteen are the plan irregular models. Response spectrum method has been used for the analysis of the models
using STADD-PRO. Comparative studies have been carried out between the responses in terms of eccentricity,
base shear, displacement, frequency of all the models with the help of the graphs.

1. METHODOLOGY

In the present paper, analysis using STAAD-PRO has been done for regular structure and 14 plan
irregular structure, having the same seismic weight and stiffness has been done. Due to the change in plan shape,
there is change in number of columns, beams and walls. To keep the weight of all the models same, the weight
of increased columns, beams and walls has been deducted from the floor load of the slab in each model
accordingly. To keep the stiffness same in all the models the size of columns has been considered accordingly.
The beams dimension for all the models is 0.45 m x 0.6 m and column dimension for the reference model is
0.65m x 0.65 m.

The reference building is a five-bay x five-bay MRF building. The column to column distance in each
bay of all the buildings is 4m i.e. the length of the beam. Plinth storey is of height 1.5m whereas, all the storeys
above are of 3.5m height. M25 grade of concrete has been used for all the models having modulus of elasticity
as 25 x 10° KN/m?, unit weight of 25 KN/m3, poisons ratio of 0.17 and critical damping of 7.90066 x 10%2. The
damping ratio for seismic analysis has been taken as 5 percent. Dynamic analysis has been carried out by
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Response Spectrum Analysis described in code 1S-1893 (Part 1): 2016. RSA has been applied for seismic forces
applied in both X-direction and Z-direction. Response of the structure as base shear, displacement, frequency
has been plotted by graphs for force acting in both x-direction and zdirection.

I1l.  ANALYSIS OF REGULAR AND IRREGULAR STRUCTURE

A regular building and 14 buildings having re-entrant corners due to plan irregularity have been
analysed. The regular building is taken as the reference building. Dead load of all the beams and columns has
been considered automatically by the software during the analysis according to the dimension which remains
same for all the models. A live load of 4 KN/m? has been applied on all the storeys except for the top storey and
the ground storey. A load of 2 KN/m? has been applied on the top floor and no live load has been applied on the
ground floor. Seismic load in x-direction ELx and z-direction ELz has been applied by the STAADPRO
software.

Guidelines from code 1S 1893-2016 (Part-1) were followed for the calculation of the seismic
parameters. Analysis was carried out for all the models considering them to be normal RC buildings with
ordinary moment resisting frame (OMRF) located in Zone V area having medium stiff soil type. Keeping in
view the description of the models and their location, suitable parameters has been considered according to 1S-
1893 (Part 1): 2016, and design horizontal acceleration coefficient (Ay) has been calculated. Then the value of
Ay is multiplied by seismic weight of the structure and base shear is calculated according to 1S1893 (Part 1):
2016, clause 7.6.1.

Wall load of 15.29 KN/m? has been considered, taking thickness of wall to be 230mm for all the floors
except the top storey. Parapet wall of 2m has been considered on the top storey, its wall load being 8.74 KN/m?.
The floor load for the reference model is 4.75 KN/m? taking slab thickness of 150mm.
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Fig.1 (a) shows the reference model which is a regular structure, (b) to (o) shows plan irregular structure
namely Modell to Model10 respectively.

The floor load of slab for irregular models have been applied accordingly so that the mass. To keep the stiffness
of all the models same, the size of the columns has also been designed accordingly. The floor load for slab and
column dimensions for each model has been tabulated in Table 1.

Table 1. Floor load of slab and column dimension

MODEL NUMBER FLOOR LOAD (KN/mz) COLUMN DIMENSION
Reference model 475 0.65m x 0.65m
Model 1, Model 2 4,456 0.645m x 0.645m
Model 3, Model 4,

Model 5, Model 6 4,153 0.641 mx 0.641m

Model 7, Model 11,
Model 12, Model 13,

Model 14 3.85 0.637m x 0.637 m
Model 8, Model 9,
Model 10 3.551 0.633m x 0.633 m

v. RESULTS AND DISCUSSIONS
The results for the response of the structure has been plotted with the help of graphs in a comparative manner
with respect to the reference model.

3.1 ECCENTRICITY
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MODEL NUMBER

Fig. 2 PERCENTAGE CHANGE IN ECCENTRICITY FOR ALL THE MODELS FOR FORCE
APPLIED IN X-DIRECTION AND Z-DIRECTION
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Fig.2 shows that the values of eccentricity for force is applied in x-direction is less than the eccentricity
for force is applied in z-direction. This suggests that the building is more vulnerable when the direction of force
is along the z-direction as compared to when the direction of force is along the x-direction.

It has been concluded that there is an increase of percentage from Model 6 to Model 10, then it
decreases from there on. In model 10 there is a major percentage increase of 193 percent for force applied in x-
direction and 273 percent for force applied in z-direction, which is the maximum. It is most vulnerable to
damage. The minimum percentage increase of 42 percent for force applied in x-direction and 62 percent for
force applied in z-direction, in Model 2 makes it least vulnerable to damage.

3.2 BASE SHEAR

PERCENTAGE CHANGE IN BASE SHEAR
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Fig.3 PERCENTAGE CHANGE IN BASE SHEAR FOR ALL THE MODELS FOR FORCE APPLIED
IN X-DIRECTION AND Z-DIRECTION

Fig.3 shows the variation of percentage change of base shear in each model with respect to the
reference model, for force acting in x-direction and z-direction. When the force is acting in the x- direction,
there is an increase of 5.71 percent in Model 1, 6.83 percent in Model 2 and 10.07 in Model 3. From Model 3 to
Model 6, the change becomes almost constant. Then there is an increase in the values of percentage change till
Model 10 the it starts decreasing till Model 14. Model 10 has the highest percentage increase of 11.39 for force
acting in xdirection. We can also conclude from this graph that there is only increase in values of base shear for
all the models with respect to the reference model.

Also suggests, when the force is acting in the z-direction, there is a percentage decrease in values of
base shear of 6.69 percent Model 3, 16.55 percent Model 7, 20.78 percent Model 8, 19.22 percent Model 9 and
3.52 percent Model 11. These buildings are least vulnerable with respect to shear failure. Percentage change of
6.34 in Model 10, makes it most vulnerable.

Model 13 and model 14 with percentage change of 6.25 and 6.04 respectively are also very vulnerable.
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3.3 DISPLACEMENT

PERCENTAGE CHANGE IN DISPLACEMENT
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Fig.4PERCENTAGE CHANGE IN DISPLACEMENT OF TOP STOREY FOR ALL THE MODELS
FOR FORCE APPLIED IN X-DIRECTION AND Z-DIRECTION

From Fig.4 we can note that, when the force is acting in the x-direction, firstly there is a decrease in
percentage change from Model 1 to Model 5. Displacement in Model 5, decreases by 24.04 percent with respect
to the reference model. This is the maximum value for decrease in percentage change in displacement. Then the
value starts increasing form Model 6 to Model 8 in comparison to Model 5. Then further, there is a decrease in
values from Model 9 to Model 11. Then again there is an increase of values with respect to Model 11.

From this graph we can conclude that there is an increase and decrease of percentage change of
displacement with respect to each other. Although, there is only decrease in values in all the models, when
compared with the reference model. This means that, when the force is acting in x-direction, all the models are
safe from the failure due to displacement as it is less than the reference model which is a regular structure.

When the force is acting in the z-direction, there is both increase and decrease in values of percentage
change with respect to the reference model. There is a notable increase of 7.41 percent in Model 7, 7.49 percent
in Model 8 and 7.97 percent in Model 9. Whereas, Model 10, Model 11 and Model 12 experience decrease in
values of percentage change by 17.77 percent, 13.65 percent and 9.07 percent respectively. This concludes that
Model 9 is most vulnerable to damage due to displacement as it has maximum value of percentage increase in
displacement with respect to the reference model. Whereas, Model 10 being least vulnerable to damage due to
displacement as it has minimum value of percentage decrease with respect to the reference model.

3.4 NATURAL FREQUENCY

The natural frequency of the structure is the rate at which it vibrates when no external for has been
acting on it. It depends only on the mass and stiffness of the structure. We can conclude from Fig.5 that there is
only a slight change in values in Mode 4 but in all other modes the value of natural frequency is almost same,
for the force applied in x-direction. This is because the mass and stiffness of each model is same.
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NATURAL FREQUENCY
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Fig.5 NATURAL FREQUENCY FOR ALL MODLES FOR FORCE APPLIED IN X-DIRECTION

Fig.6 shows that when the force is acting in z-direction, the natural frequency for all the models in each mode is
almost the same. Also in both the cases, the frequency increases with increase in the Mode.
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Fig.6 NATURAL FREQUENCY FOR ALL MODLES FOR FORCE APPLIED IN Z-DIRECTON
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V.  CONCLUSIONS

Comparing the absolute values of eccentricity of all the models, it has been seen that the structures are
more vulnerable when seismic forces act in the direction where the depth of the building is less in plan i.e. z-
direction.

Percentage change in the values of eccentricity for force acting in both x-direction and zdirection for all
models has been considered. There is only increase in the values with respect to the reference model due to the
presence of irregularity.

The base shear is more in all the models in the direction where the depth of the building is more in plan
due to increased stiffness.

The values of displacement for force acting in z-direction is more in comparison to force acting in x-
direction. This may be because the values of width in plan hence stiffness in the z-direction is the less. Model 10
has the maximum decrease in top storey displacement for force acting in z-direction, this also may be due to the
fact that model 10 has the maximum value of eccentricity. Due to this more rotation may develop in the
structure and less lateral displacement.

The values of natural frequency and natural time period, for all the models and seismic force acting in
both the directions, are varying by some degree. This may be due to the fact that both of these parameters are
dependent on the stiffness of the structure.

Model 10 has may be most vulnerable out of all the models as it has the highest value of eccentricity
and base shear. The structure is most vulnerable when force is acting in the direction in which the width of the
building in plan is less as compared to the other dimension. In this case it was z-direction.
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