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Abstract

In this study the focus is the seismic design of buildings with
heavy loadings such as Data center Buildings which are
compared with the normal buildings with normal loads.
Buildings may be symmetric or asymmetric in plan or
elevation which depends on the stiffness and mass distribution
in each storey. Hilly regions of India fall under the high
seismic zones. Behavior of the building differs in hilly terrain
from the other buildings on plains. The different floor of
buildings on hilly areas steps towards the hill backwards and
simultaneously may have setbacks also. Due to complex
configuration, these buildings are highly asymmetric and
irregular. Building with heavy loads and constructed in hilly
areas are more vulnerable to attract higher seismic forces.

In this study, 3D Analytical models of symmetric and
asymmetric buildings are generated for hilly terrain and plains
with normal and heavy loadings, which are analyzed using
non linear structural analysis tool "ETABS 9.2.0". The effect
of sloping ground on columns which have varying height are
studied, the plan layout considered is same for hilly terrain
and plains for both normal and heavy loads. To study the
effects of infill’s, seismic analysis is done using linear
dynamic (response spectrum method) as well as nonlinear
static procedure (pushover) has been performed.

Keywords: Non-Linear analysis, response spectrum method,
pushover method, data center, heavy loads, symmetric
buildings, Asymmetric buildings.

INTRODUCTION

Due to rapid urbanization and space crunch there is increase
in R.C. framed buildings construction on hilly areas.
Buildings which are constructed in hilly areas with sloping
ground are highly irregular and asymmetrical in nature.
Buildings constructed on sloping grounds attracts severe
torsion when subjected to lateral forces due to earthquake.
Usually buildings constructed on sloping grounds are
supported by columns of varying heights, Since the stiffness

of short columns is more, it attracts more forces thus short
columns are susceptible to undergo more damage due to
earthquake.

Loading on buildings can vary from normal commercial loads
to heavy loads for special buildings used for specific purpose,
such as Data centre buildings. Digitization and Globalization
leads to production and storage of huge data. Compare to
earlier ways of outsourcing the data storage to specialize
companies, nowadays most of the organizations prefer to have
their own setup for data storage. The buildings which houses
complete computer, telecommunications and storage systems
along with its components are called Data centre buildings.
Structurally Data centre buildings have to support heavy
loads imposed on it due to equipments of LT,
Telecommunications and storage systems.

In this Study, Separate 3D analytical models are generated for

symmetrical buildings on plain areas and asymmetrical
buildings on hilly terrains, with normal commercial loading
(4Kn/m2) and heavy loading of Data centre (8.4Kn/m2). To
study the seismic effects of infills on symmetrical and
asymmetrical models with and without heavy loading, seismic
analysis is performed using linear dynamic (Response
spectrum method) and non linear static methods (Pushover
analysis). Plan layout of all the analytical models are kept
same for symmetrical buildings on plain grounds and
asymmetrical buildings on sloping grounds.

METHODS

Three different types of 3D analytical models are generated
for symmetrical and asymmetrical buildings, first with normal
commercial loadings and then with heavy loads of data centre
buildings. Symmetrical models of buildings on plain ground is
generated with equal height of columns on ground storey.
Asymmetrical models of buildings on sloping hilly terrain is
generated with the height of ground storey columns varying
from 3m to 13.8m

12008



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 22 (2017) pp. 12008-12015
© Research India Publications. http://www.ripublication.com

Model-1: Building model is considered as bare frame without

walls.

Model-2: Building model considered have no walls in ground
storey. In upper stories full brick masonry walls of 230 mm

thickness is considered. Generated model includes both the

mass and stiffness of infill wall.

Model-3: Building model considered have full brick masonry
wall of 230mm in upper floors. In ground storey, walls are

considered in all the bays along the periphery of building in

longitudinal direction, whereas in transverse direction it is

considered only in the end bays along periphery. Generated

model includes both the mass and stiffness of infill wall.

Table 1: Design Parameters

Load Intensity
Dead Loads

Masonry 20.0kN/m3
Concrete 25.0kN/m3
Live Loads (Normal Commercial | 4.0kN/m?
building)

Live Load (Data Centre buildings) 8.4kN/m?
Roof Load 2.0kN/m?
Floor Finishes 2.0kN/m?
Importance Factor 1
Response reduction factor 5.0

Member Properties used for modeling of structural elements

are tabulated in Table-2.

Table 2: Member Properties

Member Dimension mm
Columns 250x500

Beams 250x600

Slab 120

Wall 230
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Figure 1: Plan Model 1(Symmetrical)
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Figure 2: Elevation Model 1(Symmetrical)

Figure 3: Plan Model 2(Symmetrical)
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Figure 4: Elevation Model 2(Symmetrical) Figure 7: 3D View Model 1(Asymmetrical)

Figure 8: Elevation Model 1(Asymmetrical)

Figure 5: Plan Model 3(Symmetrical)
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Figure 6: Elevation Model 3(Symmetrical) Figure 9: 3D View Model 2(Asymmetrical)
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Figure 11: 3D View Model 3(Asymmetrical)

Figure 12: Elevation Model 3(Asymmetrical)

RESULTS

Lateral displacement results of Symmetric and Asymmetric
building models with normal commercial loading and with
heavy loadings are compared for response spectrum method
and Pushover analysis.

Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 3 for
symmetrical as well as asymmetrical building Model-1 with
Normal commercial loading.

Table 3. Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-1 under Normal
commercial Loading.

MODEL-1 NORMAL LOADS (COMMERCIAL
BUILDINGS)

S | Symmetric Asymmetric

T | Response Response

O | Spectrum Pushover Spectrum Pushover

R | Method Method Method Method

E

Y

Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
X Y X Y X Y X Y

o

525 | 761 | 7.32 | 23.7 | 640 | 740 | 848 | 249

460 | 673 [ 654 | 215 [ 590 | 684 | 803 | 234

346 | 513 | 512 | 171 | 499 | 583 | 7.06 | 20.3

194 1296 | 3.00 | 10.3 [ 3.75 | 445 | 548 | 158

035 | 049 | 055 | 175 | 229 | 198 |3.43 | 7.08

OoO|FRrINWiIA~OS

0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 4 for
symmetrical as well as asymmetrical building Model-1 with
Heavy loading.

Table 4: Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-1 under Heavy Loading.

MODEL-1 HEAVY LOADS (DATA CENTRE BUILDINGS)

S | Symmetric Asymmetric

T | Response Response

O | Spectrum Pushover Spectrum Pushover

R | Method Method Method Method

E

Y

n | Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
o | X Y X Y X Y X Y

5 | 599 |874 |198 |173 [6.76 | 7.78 | 284 | 242
4 | 541 |7.99 |184 |161 |630 |730 |284 | 229
3 |416 | 623 |141 |13.0 |[538 |628 |261 |201
2 | 237 | 366 | 075 |800 |406 |481 |208 |157
1 1043 | 061 | 016 | 136 |248 |214 |130 |70
0 | 000 |000 |000 |0.00 |000 |0.00 |0.00 |0.0
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Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 5 for
symmetrical as well as asymmetrical building Model-2 with
Normal commercial loading.

Table 5: Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-2 under Normal
commercial Loading.

Normal commercial loading.

Table 7: Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-3 under Normal
commercial Loading.

MODEL-3 NORMAL LOADS (COMMERCIAL
BUILDINGS)

S | Symmetric Asymmetric

T | Response Response

O | Spectrum Pushover Spectrum Pushover
R | Method Method Method Method

E

Y

n | Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
0| X Y X Y X Y X Y
51104 | 321 | 482 | 729 | 408 | 6.73 | 6.69 | 20.9
4 | 102 | 318 | 468 | 7.27 | 401 | 6.67 | 6.83 | 20.6
3 1100 | 315 | 453 | 722 | 392 | 659 |6.99 | 204
2 1097 |3.08 | 434 | 714 |381 | 647 | 7.07 | 19.9
1 {090 | 297 | 400 | 6.90 | 3.64 | 6.17 | 6.97 | 19.0
0 |0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

MODEL-2 NORMAL LOADS (COMMERCIAL
BUILDINGS)

S | Symmetric Asymmetric

T | Response Response

O | Spectrum Pushover Spectrum Pushover
R | Method Method Method Method

E

Y

n | Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
0| X Y X Y X Y X Y
51349 | 560 | 6.70 | 129 | 552 | 6.34 | 5.88 | 15.7
4 | 346 | 557 | 6.70 | 129 | 547 |6.29 | 6.23 | 15.6
3 1344 | 554 | 669 | 128 | 541 |6.24 | 6.63 | 155
2 | 340 | 551 | 6.67 | 128 | 532 |6.18 | 6.91 | 15.3
1080 |1.00 |156 |229 |3.60 |286 | 491 |7.13
0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 6 for
symmetrical as well as asymmetrical building Model-2 with
Heavy loading.

Table 6: Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-2 under Heavy Loading.

Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 8 for
symmetrical as well as asymmetrical building Model-3 with
Heavy loading.

Table 8: Displacements: X & Y for Symmetrical and
Asymmetrical Buildings for Model-3 under Heavy Loading.

MODEL-3
BUILDINGS)

HEAVY LOADS (DATA CENTRE

Symmetric

Asymmetric

Response
Spectrum
Method

Pushover
Method

Response
Spectrum
Method

Pushover
Method

<MTO-AWw

Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
X Y X Y X Y X Y

1.26 | 3.60 | 447 | 7.05 | 424 | 7.08 | 6.43 | 204

124 | 357 | 432 | 693 | 417 | 701 | 6.59 | 20.2

121 | 353 | 417 | 682 | 409 |6.92 |6.78 | 19.9

117 | 346 | 398 | 6.61 | 3.97 | 6.80 | 6.88 | 195

110 | 333 | 364 | 6.33 |3.79 | 6.49 | 6.81 | 18.6

MODEL-2 HEAVY LOADS (DATA CENTRE
BUILDINGS)

S | Symmetric Asymmetric

T | Response Response

O | Spectrum Pushover Spectrum Pushover
R | Method Method Method Method

E

Y

n | Spe- | Spe- | Pus- | Pus- | Spe- | Spe- | Pus- | Pus-
0| X Y X Y X Y X Y
51388 | 622 | 678 | 129 | 5.76 | 6.61 | 559 | 23.3
4 1386 | 620 | 6.67 | 129 | 571 | 6.57 | 5.98 | 23.2
31383 |6.17 | 657 | 128 | 565 | 652 | 641 | 23.1
2 1379 |6.13 | 642 | 12.7 | 555 | 6.45 | 6.73 | 22.9
11089 | 112 | 153 | 227 |[3.76 | 299 |480 | 184
0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

O |INW|l~|jOo1|O S

0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Displacement for X & Y direction for Response Spectrum
Method (Spec-X & Spec-Y) and for Pushover method of
analysis (Push-X & Push-Y) are shown in Table 7 for
symmetrical as well as asymmetrical building Model-3 with

Figure 13. Shows the comparison of displacements values in
mm for Model-1, symmetrical buildings subjected to Normal
loading and Heavy Loading in both X & Y direction.
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Figure 15.: Displacement: X & Y direction for Model-2
Figure 13: Displacement: X & Y direction for Model-1 symmetrical buildings.
symmetrical buildings.

Figure 16. Shows the comparison of displacements values in
Figure 14. Shows the comparison of displacements values in mm for Model-2, Asymmetrical buildings subjected to
mm for Model-1 Asymmetrical buildings subjected to Normal loading and Heavy Loading in both X & Y direction.
Normal loading and Heavy Loading in both X & Y direction.
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Figure 16: Displacement: X & Y direction for Model-2
Asymmetrical buildings.

Figure 14: Displacement: X & Y direction for Model-1
Asymmetrical buildings.

Figure 17. Shows the comparison of displacements values in
mm for Model-3, Symmetrical buildings subjected to

Figure 15. Shows the comparison of displacements values in Normal loading and Heavy Loading in both X & Y direction.

mm for Model-2, Symmetrical buildings subjected to
Normal loading and Heavy Loading in both X & Y direction.
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Figure 17: Displacement: X & Y direction for Model-3
symmetrical buildings.

Figure 18. Shows the comparison of displacements values in
mm for Model-3, Asymmetrical buildings subjected to
Normal loading and Heavy Loading in both X & Y direction.
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Figure 18: Displacement: X & Y direction for Model-3
Asymmetrical buildings.

CONCLUSION

1)

2)

Buildings constructed on hilly sloping terrain are very
irregular in configuration and behaves differently than
those built on plains.

Lateral displacements due to earthquake in Asymmetric
buildings is more compare to the symmetrical buildings,
as asymmetrical buildings are irregular in nature and are

3)

4)

5)

susceptible to the high torsion. Asymmetrical buildings of
Model-1, Model-2 & Model-3 have more displacements
compare to their respective symmetrical models.

Frames of buildings constructed on sloping grounds of
hilly region are subjected to more displacements as the
column heights in ground storey varies, as buildings step
backs.

Displacements in buildings with heavy loading of data
centre are higher compare to the buildings with normal
loading for response spectrum method.

Presence of infills have overall effect on the behavior of
buildings when subjected to the seismic forces.
Displacements are considerably reduced in Model-3
because the effect of infill walls is considered.
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