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Abstract
Plan irregular structures situated in earthquake prone areas are very important issue to be taken into account. The present study
deals with the horizontal irregularity — re-entrant corner. The paper focusses on the comparison of regular building and the re-
entrant corner buildings by conducting time history analysis located in seismic zone V. The time history analysis is carried out
using the data of past BHUJ earthquake. The FE software ETABS v 9.7.4 has been used for the analysis. The evaluation and
comparison of the regular and irregular buildings has been done using the parameters — storey displacement, storey drift, time

period and base shear. Also the forces on the columns near the re-entrant corner has been studied.
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1. INTRODUCTION

Earthquake is a natural hazard that causes severe damages
and losses. One of the important reasons for the failure of
RC multi-storey structures is its irregularity in plan. In this
paper, the performance of buildings with re-entrant corners
is studied. Re-entrant corner is said to exist in a structure
when projection of the structure beyond any corner is
greater than 15% of the plan dimension in direction
considered [1].

Different methods of analysis are prescribed by the IS 1893-
2002, for the analysis of structures. For structures that are
unsymmetrical in plan and elevation, dynamic methods such
as response spectrum method and time history method are
the most suitable. For the time history method, the actual
accelogram records are input to the software and the
analysis is performed.

As the time history method makes use of the acceleration
details of earthquakes, it is mostly adopted for asymmetrical
and high-rise buildings. In this study, the Bhuj earthquake
accelerogram is used.

Tension forces at the edges and distributes the shear stresses
over it. In order to reduce the torsional forces in the
structure, the shear walls are generally provided
symmetrically and along both directions of the plan of the
building.

2. LITERATURE REVIEW

Shreyasvi.C  and  B.Shivakumaraswamy  [2015]
[2]:compared the behaviour of regular and re-entrant
structures in various seismic zones. Both response spectrum
method and time history method was performed using
ETABS. Accelerograms of Bhuj and Elecentro earthquake
was used for time history method. For the regular and

irregular models, storey displacements, time periods and
storey shears were compared. The drift and storey
displacement were more for irregular building.

Prajapati P.B and Prof. Mayur G Vanza [2014] [3]: in
this study, the comparison of seismic response between a
rectangular, C shape and L shape was done. SAP 2000
software was used for the static and dynamic analysis. In
case of time history method, the accelerograms of
Uttarkhasi, Bhuj and Chamoli was considered. Parameters
such as deflections at the joints, storey shears were
compared for different models.

Arunava Das and Priyabrata Guha [2016] [4]: in this
paper, behaviour of four storey irregular and regular
building subjected to earthquake loads were compared.
Time history analysis and pushover analysis was performed
using SAP2000. Elecentro acceleration details were used for
time history method. From the results, it was observed that
in case of irregular model, the displacements from pushover
analysis was greater than that of time history analysis.

Arvindreddy and R.J.Fernandes [2015 [5]: investigated
the response of regular and plan irregular structures under
zone V. Static and dynamic methods were conducted using
ETABS. The displacements of both regular and irregular
models were compared for the different methods and it was
concluded that static method gave higher displacements
compared to dynamic method.

3. OBJECTIVES

(i) To investigate the behaviour of re-entrant corner
buildings under dynamic loading.

(if) To compare the behaviour of RC regular and irregular
frames in zone V.
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(iii) To study the parameters such as displacement, drift,
base shear and time period of both irregular and regular
buildings.

(iv) To study the column forces for columns near the re-
entrant corner.

(v) To carry out time history method for both regular and
irregular models.

4. MODELLING

The analysis of both regular and re-entrant structures (30
storeys) have been analysed for both gravity and lateral
loads. ETABS v9.7.4 has been used for the modelling and to
carry out the analysis. The analysis results are obtained for
seismic zone V.

Fig. 4.1 Plan and 3D view of model 1
4.1 Model Data

Table 4.1 Details of building model

Plan dimension 60m x 60m
Storey height 3m

Bay width along X direction | 6m

Bay width along Y direction | 6m

Grade of steel Fe415

Grade of concrete M30

Size of beams 300mm x 600mm
Size of columns 750mm x 750mm
Thickness of siab T50mm Fig. 4.2 Plan and 3D view of model 2
Density of concrete 25kN/m’

Floor finishes 1kN/m®

Live load 3kN/m®

Glazing load 1.875kN/m’
Thickness of shear wall 300mm

Zone factor, Z 0.36

Importance factor, | 1

Response reduction factor R | 5

Soil type Il - Medium

Fig. 4.3 Plan and 3D view of model 3
4.2 Model Type

Table 4.2 Type of models

Model Type

1 RC Regular frame

2 L shape with 60% re-entrant along X
and Y directions

3 L shape with 70% re-entrant along X
directions

4 L shape with 80% re-entrant along X
directions

Fig. 4.4 Plan and 3D view of model 4
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5. RESULTS AND DISCUSSIONS

Storey displacement, storey drifts, base shear and time
period values are taken from the software. The comparison
between the regular and re-entrant models for the
parameters mentioned above presented in tables and figures
below.

5.1 Maximum Storey Displacements

The table and Fig below shows the maximum displacement
values for the different models.

Table 5.1 Maximum displacement in X and Y direction

Models | Ux Uy
(mm) (mm)
1 181.9 181.9
2 183.43 | 184.84
3 183.97 | 185.64
4 184.34 | 186.77
188
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S 182
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2
178
1 2 3 4
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B Ux (mm) ®Uy(mm)

Fig. 5.1 Maximum storey displacement along X and Y
direction

From table 5.1 and Fig.5.1 it can be observed that the
displacements are higher along Y direction in all the models.
Model 4 with 80% re-entrant is experiencing the maximum
displacement whereas the displacement is minimum in the
regular frame.

5.2 Maximum Storey Drifts

The table and Fig below shows the maximum drift ratios for
the different models.

Table 5.1 Maximum drift ratio in X and Y direction

Models | Drift X | DriftY
1 0.0027 | 0.0027
2 0.00282 | 0.00282
3 0.00288 | 0.00287
4 0.00297 | 0.00292
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Fig. 5.2 Maximum storey drift ratios along X and Y
direction

From table 5.2 and Fig.5.2 it can be observed that the drifts
are same along X and Y directions for model 1land model 2.
Model 4 is having the maximum drift with a drift ratio of
0.00297 amd0.00292 along X and Y directions respectively.

5.3 Base Shear

The table and Fig below shows the base shear values for the
different models.

Table 5.3 Base shear of all the models

Models | Base shear
(kN)
1 20363.41
2 13465.62
3 12311.81
4 11161.58
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Fig. 5.3 Base shear of all the models

From table 5.3 and Fig.5.3 it can be observed that due to
lesser mass, the base shear of model 4 is minimum. The
regular plan structure is having the highest base shear.

5.4 Time Period

The table and Fig below shows the time period for the
different models.
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Table 5.4 Time period of all the models

Models | Time period (s)
1 3.39
2 3.44
3 3.47
4 3.51
3.55
3.5
@
o 345
o
s 34
) I
3.35
3.3

Models
Fig. 5.4 Base shear of all models

From table 5.4 and Fig.5.4 it can be observed that the time
period is maximum in 80% re-entrant building. The regular
model is having the minimum vibration period under
seismic loads.

5.5 Column Forces

The table and Fig below shows the column forces of interior
and the column near the re-entrant corner for the irregular
models.

Table 5.5 Column forces for all the irregular models

Model Interior column | Re-entrant
force (kN) column force
(kN)

2 14665.7 16057.38

3 14660.99 15850.31

4 14649.9 15038.29
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Fig. 5.5 Column forces for all the irregular models

From table 5.5 and Fig. 5.5 it can be observed that the
column near the re-entrant corner is subjected to greater
stress and forces. Model 2 with 60% re-entrant along both X
and Y directions is having higher column forces.

6. CONCLUSION

1. Re-entrant buildings undergo the maximum
displacement and drift compared to the regular frame.

2. In this study building with 80% re-entrant deflects more
compared to the other buildings.

3. The displacement of all the models are exceeding the
maximum limit prescribed by IS 1893-2002

4. The regular models undergo the minimum storey drift
compared to the irregular models. The storey drift of
80% re-entrant building is maximum.

5. The drift ratios of all the models are found to satisfy the
limit prescribed by 1S 1893-2002.

6. Due to lesser area and mass, the model having 80% re-
entrant is having the least base shear. The regular model
is having higher bae shear indicating greater stiffness.

7. lrregular models are having greater values of time
period and hence are less stiff compared to the regular
model.

8. The stress and forces for the columns near the re-entrant
corner are higher.
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