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Abstract—Due to increasing in population as well as
less availability of land it is necessary to construct
multi-storey  building. Underground  storeys
(basements) are an important component of urban
building construction for reducing parking problem.
To study the behaviour of this type of building under
seismic loading is main objective of this analysis.
When we are considering underground storeys it is
necessary to consider Soil-Structure Interaction effect.
The dynamic interrelationship between the response of
the structure is influenced by the motion of the soil
and the soil response is influenced by the motion of
structure is called a soil structure interaction. Here,
we are considering Soil-structure Interaction effect on
building with vertical irregularities. G+14 storey
building is selected for modelling and analysis.
Response spectrum and Time History Analysis is done
in SAP2000. Response spectrum analysis and Time
history analysis is carried out according to IS
1893:2002 and acceleration data of past earthquake
respectively. The effect of SSI on various structural
compound like time period ,base shear, roof
displacement ,are studied and discussed.
Keyword— Raft footing, Soil-interaction, Sap2000,
Response spectrum, Time history.
. INTRODUCTION

Today, underground basements are an important
component of new urban building construction. It has
been considered that basement floors are safe inside
the soil and do not oscillate during earthquake.
Hence, basement floors are neglected during seismic
analysis of building with underground stories. A
controversial issue in the seismic analysis and design
of buildings with multiple underground stories lies in
incorporating the effects of these underground stories
on the seismic response of these structures. Building
codes lack recommendations concerning this
controversy; thus, the designers are basing their

analysis on approximations, engineering judgment
and experience. %

Soil structure interaction (SSI): The process in
which the response of the soil influences the motion
of the structure and the motion of the structure
influences the response of the soil is termed as SSI. In
this case neither the structural displacements nor the
ground displacements are independent from each
other.

Raft foundations: It is large concrete slab which
can support a number of columns and walls. The slab
is spread out under the entire building or at least a
large part of it which lowers the contact pressure
compared to the traditionally used strip or trench
footings.

Il.  ANALYTICAL WORK

Response spectrum method (RSM) and time
history method (THM) (bhuj time history) are used for
the analysis of structure in Zone-I1l. A 17 storey (2
underground and G+14) building with different
vertical irregularity is taken for this study. The
behaviour of building is studied for different
parameters like base shear, maximum displacement.
2.1. Structure data

Plan Area 30m X 40m
No of storey G+14
Typical Storey am
Lininht
For 1% to 5™floor 300mm X
. 300mm
Beam Size For 6% to 10™ floor
300mmX380mm
= aaSta_arth
For 1% to 5™floor
230mmX450mm
Column Size For 6% to 10" floor
230mmX380mm
For 11% to15"
Slab Thickness 150mm
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13.8 KN/m? (on external

Wall Load Baam)
6.9 KN/m? (on Internal Beam)
Floor Finish 1 KN/m?
Parapet Load 2.3 kN/m?
Live Load 3 KN/m?
Grade of Concrete | M25
Grade of Steel Fe415
Height of 6
Underground m
Depth of Raft
Foundation 1m depth
Seismic zone 1l
. Hard soil, Medium soil, Soft
Soil type .
soil
2.2. Models
e Model-1
e Model-2
¢ Model-3

Model-4

Model-5

Model-6
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¢  Model-7

I. RESULT AND DISCUSSION

After completing modelling and analysis work,
now it is a time to discuss about the result. Here, result
about two different analysis procedures like Static
analysis and dynamic analysis (response spectrum
analysis and time history analysis) carried out Fix base
model and soil structure interaction with vertical
irregularity of RC frame structure for zone- Il as per
Indian Standard Code. In the present work significant
change in the seismic parameters such as maximum
top story displacement, base shear and modal time
period are noticed.
3.1. Response spectrum method
e Base shear

Base shear in x-direction
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M FIX BASE M RAFT FOOTING

Chart 1: Base shear in x-direction
From above graph:

o In fix base, with respect to model-1 the
percentage decrease of base shear are
31.64%, 59.35%, 31.17%, 24.74%, 35.48%,
15.16% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.

o In Raft footing, with respect to model-1 the
percentage decrease of base shear are
24.35%, 11.81%, 24.71%, 20.60%, 9.84%,
12.18% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.

Base shear in y-direction

6000
5000 -
4000 -
3000 -
2000 -
1000 -

Base shear(kN)

1 2 3 4 5 6 7
Model

W RAFT FOOTING

M FIX BASE

Chart 2: Base shear in y-direction
From above graph:

o In fix base, with respect to model-1 the
percentage decrease of base shear are
31.64%, 59.35%, 31.17%, 24.74%, 35.48%,
15.16% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.

o In Raft footing, with respect to model-1 the
percentage decrease of base shear are
24.35%, 11.81%, 24.71%, 20.60%, 9.84%,
12.18% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.
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Base shear(kN)

BASE shear in x-direction

6000
5000
4000
3000
2000
1000

Model
m HARD SOIL = MEDIUM SOIL

SOFT SOIL

Chart 3: Base shear in x-direction in different soil
From above graph:

o With respect to model-1 the percentage
decrease of base shear 24.35%, 11.81%,
24.71%, 20.60%, 9.84%, 12.18% are in
model-2, model-3, model-4, model-5, model-
6, model-7 in hard, medium and soft soil
respectively.

Base shear(kN)

Base shear in y-direction in different type of
8000

<ot
SUT

6000

1 2 3 4 5 6 7

Model
m HARD SOIL = MEDIUM SOIL SOFT SOIL

Chart 4: Base shear in y-direction in different soil
From above graph:

o With respect to model-1 the percentage
decrease of base shear 24.35%, 11.81%,
24.71%, 20.60%, 9.84%, 12.18% are in
model-2, model-3, model-4, model-5, model-
6, model-7 in hard, medium and soft soil
respectively.

¢ Roof displacement

Roof displacement in x-direction

150
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Chart 5: Roof displacement in x-direction

From above graph:

o With respect to hard soil the percentage
increase in model-1 are 35.41%, 66.21% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-2 are 61.82%, 87.42% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-3 are 65.48%, 66.10% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-4 are 57.52%, 83.75% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-5 are 44.95%, 76.82% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-6 are 46.43%, 80.04% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increases in model-7 39.19%, 81.23% in
medium soil and soft soil respectively.

Roof displacement in y-direction
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Chart 6: Roof displacement in y-direction
From above graph:

o With respect to hard soil the percentage
increase in model-1 are 35.45%, 66.28% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-2 are 61.93%, 87.57% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-3 are 65.94%, 66.57% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-4 are 57.62%, 83.89% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-5 are 44.99%, 76.87% in
medium soil and soft soil respectively.
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o With respect to hard soil the percentage
increase in model-6 are 46.47%, 80.11% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increases in model-7 39.33%, 81.60% in
medium soil and soft soil respectively.

3.2 Time history method
e  Base shear
Base shear in x-direction
5000
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<
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)
<< 1000
m
0
1 2 3 4 5 6 7
Model
B FIX BASE B RAFT FOOTING
Chart 7: Base shear in x-direction
From above graph:
o In fix base, with respect to model-1 the
percentage decrease of base shear are
31.66%, 59.37%, 31.20%, 24.76%, 35.49%,
15.16% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.
o In Raft footing, with respect to model-1 the
percentage decrease of base shear are
23.26%, 11.79%, 23.51%, 20.57%, 9.79%,
12.12% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.
Base shear in y-direction
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Chart 8: Base shear in y-direction
From above graph:

o In fix base, with respect to model-1 the
percentage decrease of base shear are
31.66%, 59.37%, 31.20%, 24.76%, 35.49%,
15.16% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.

o In Raft footing, with respect to model-1 the
percentage decrease of base shear are

23.26%, 11.79%, 23.51%, 20.57%, 9.79%,

12.12% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.
Base shear in x-direction in different soil type
6000
Z 5000
<
= 4000 -
[<5]
£ 3000 -
IQJ 2000 -
S 1000 -
O .
1 2 3 4 5 6 7
Model
B HARD SOIL m MEDIUM SOIL  m SOFT SOIL

Chart 9: Base shear in x-direction in different soil
From above graph:

o With respect to model-1 the percentage
decrease of base shear 24.35%, 11.83%,
24.73%, 20.63%, 9.83%, 12.17% are in
model-2, model-3, model-4, model-5, model-
6, model-7 in hard, medium and soft soil
respectively.

Base shear in y-direction in different soil type
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Chart 10: Base shear in y-direction in different soil
From above graph:

o With respect to model-1 the percentage
decrease of base shear 24.35%, 11.83%,
24.73%, 20.63%, 9.83%, 12.17% are in
model-2, model-3, model-4, model-5, model-
6, model-7 in hard, medium and soft soil
respectively.

¢ Roof displacement
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»s Roof displacement in x-direction
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Chart 11: Roof displacement in x-direction
From above graph:

o With respect to hard soil the percentage
increase in model-1 are 34.41%, 62.67% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-2 are 51.57%, 61.73% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-3 are 34.41%, 84.73% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-4 are 42.83%, 62.25% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-5 are 11.16%, 23.54% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-6 are 33.72%, 68.79% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-7 are 35.63%, 57.29% in
medium soil and soft soil respectively.
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Chart 12: Roof displacement in y-direction

From above graph:

o

With respect to hard soil the percentage
increase in model-1 are 33.15%, 60.93% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-2 are 53.76%, 62.02% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-3 are 33.56%, 71.53% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-4 are 47.70%, 62.08% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-5 are 32.68%, 70.43% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-6 are 33.72%, 62.09% in
medium soil and soft soil respectively.

o With respect to hard soil the percentage
increase in model-7 are 36.10%, 65.14% in
medium soil and soft soil respectively.
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Chart 13: Time period in various model
From above graph:

o In fix base, with respect to model-1 the
percentage decrease in time period are
28.93%, 17.77%, 16.75%, 11.68%, 12.18%,
9.64% in model-2, model-3, model-4, model-
5, model-6, model-7 respectively.

o In raft footing, with respect to model-1 the
percentage decrease in time period are
4.88%, 3.72%, 25.58%, 12.79%, 10.47%,
12.79% in model-2, model-3, model-4,
model-5, model-6, model-7 respectively.

IV.  CONCLUSION
Analysis of RC Building having Underground
Stories with Vertical Irregularities using seismic
coefficient method, response spectrum method and
time history method. The following conclusions are
drawn from the study.
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It is observed that model-3 gives the minimum
result in hard soil, model-2 gives in medium soil,
and model-3 gives in soft soil in response
spectrum analysis in both directions.

It is observed that model-7 gives the minimum
displacement in hard, medium, and soft soil type
in time history analysis in both directions.
Model-4 gives the minimum base shear in both
analyses in both directions.

In fix base, model-3 gives the minimum base
shear while in raft footing model-4 gives
minimum base shear in both analyses in both
directions.

It is observed that in fix base model-2 gives
minimum time period while in raft footing
model-4 gives the minimum time period.
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