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1 Introduction

An earthquake is a devastating natural disaster that potentially threatens life, destroys
property, and disrupts essential services and public functioning. Natural catastrophes
like earthquakes, floods, landslides, cyclones, and tsunamis frequently occur in India.
Large-scale earthquakes have had an especially negative impact on India in recent
decades. Therefore, there is an urgent need for an earthquake-resistance management
strategy to minimize damage to buildings in the event of an earthquake.

The primary strategy for enhancing seismic performance and damage prevention
of buildings is that of seismic response control strategies like passive, semi-active, and
active control strategies. Addition of base isolation and shear wall as passive seismic
response control system will help in controlling the seismic response of building.
Structural response control is an emerging technology for seismic hazard mitigation
in earthquake engineering and has been widely studied over the world. Whittaker
[5] de-mystifies preliminary design of base-isolation systems in accordance with
international earthquake design standard. Hadihosseini et al. [6] provide the structural
performance of a framed building with shear wall. Rama Rao et al. [2] discuss the
SAP2000 modeling of framed buildings with in-fills and supporting soil modeling.
Rama Rao et al. [4] discuss a parametric study on the nonlinear ductile behavior of
shear wall using ABAQUS finite element software. Rama Rao et al. [3] studied the
nonlinear performance of three identical medium aspect ratio shear walls through
application of monotonic and cyclic loading.

A number of research studies are available for each seismic response control
strategy, however, comparative studies on the effectiveness of various seismic
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response control strategies are found to be scarce. A comparative study is conducted
between these two control strategies. A five-storied building is considered for the
present study and modeled in SAP2000 software using linear time history analysis.
Newhall ground motion data, taken from SAP2000 database, is used for analyses.
In one building, shear wall is designed and added, to resist seismic ground motions.
In the other building with similar dimensions, base isolation is designed to resist
seismic ground motions.

1.1 Base Isolation

The philosophy of seismic resistant design is undergoing a rapid change with
emphasis on preserving the structure and its interiors intact and without letting them
into nonlinear range. The best possible potential alternative is mounting of the struc-
ture on flexible elements which are replaced after a severe earthquake but the parent
structure is prevented from damage. The fundamental idea is to extend the structure’s
time period such that the spectral acceleration is minimized. The inter-story drift is
decreased since the superstructure essentially functions like a rigid body. The isola-
tion moves the structure’s position in the spectrum from the peak-plateau region to the
lower regions by lowering the fundamental lateral frequency of the structure relative
to its fixed base frequency (or lengthening the structure’s time period). Because of
this, higher damping is introduced at the base level as a result, and more damping is
also produced, which further reduces the spectral acceleration. The benefit of using a
base-isolation system is that in the event of an unexpected large-scale seismic activity,
the damage is concentrated only on systems whose elements can be replaced.

1.2 Shear Wall

Shear walls are structural walls that are specifically built into structures to withstand
lateral stresses that are created in the wall’s plane by wind, earthquakes, and other
factors. They are typically given in tall structures and have been found to be of great
assistance in preventing the complete collapse of buildings under seismic forces.
When designing shear walls, we should aim to load them with as much weight as
they can safely support in order to minimize the bending tensile stresses brought on
by lateral loads. In order to prevent torsional strains, they should also be laid symmet-
rically. Figure 2 shows the placement of shear wall symmetrically in a building to
reduce torsion effects.

Shear walls are categorized by type: simple rectangular and with bounding
elements, coupled shear walls, and boxed walls. A simple rectangular type is taken
into consideration where normal gravity load and horizontal shear action along its
length are subjected to bending and shearing. These latter types are called bar walls
(rectangular walls with bounding elements) and are somewhat stronger and more
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ductile. These walls must be designed so that they never fail under shear forces
and do not fail due to deformation of the steel when bent. Shear failure is fragile
and sudden. One of the disadvantages of this shear wall is that as these being rigid,
during an earthquake, it attracts and dissipates a lot of energy by cracking, which
is difficult in repair. This defect can be rectified in coupled shear walls. When two
structural walls are connected by relatively short spandrel beams, the resulting wall
becomes more rigid and the structure is able to release the majority of the energy
by yielding the coupling beams without causing structural damage to the primary
walls. It is easy to repair these coupling beams than the walls. In some buildings, the
elevators and other service areas can be grouped in a vertical core which may serve
as a device to withstand lateral forces. In most of the cases, moment-resisting frames
are connected to stiffening walls. The interaction between rigid walls and moment
frames of tall buildings is worth studying. Frame deflection occurs in shear mode
and walls in bending mode. This interaction tends to reduce the maximum bending
moment but increases the maximum shear force in the shear wall.

2 Analytical Study on Seismic Response Control Strategies

The above two control strategies (shear wall and base isolation) are taken into consid-
eration and applied to a five-storied building. The reference in case one is a normal
framed construction. In the other cases, shear walls are added in one case while base
isolation is used in the other.

2.1 Case Study—1: Normal Framed Building

In this study, we consider a five-story square building with five spans in both X
and Y directions. For this research, SAP2000 software is adopted. The structural
model selected for the analytical study is designed as per IS 456:2000 [7] and linear
time history analysis is performed. A 4 m bay width is common to all bays and a
3 m floor height is common to all floors. Beams and columns are modeled using
3D framing components. Figure 1 shows a 3D SAP2000 model of a normal frame
building. The assumed beams and columns are given its cross-section dimensions,
reinforcement details, and the type of material used. Material properties such as
specific gravity, modulus of elasticity, Poisson’s ratio, shear modulus of elasticity,
specific compressive strength, yield strength, and ultimate stress of reinforcing steel
and concrete are presented.

M25 grade concrete and Fe415 grade steel are the materials used. For all the
simulations, a column with dimensions of 350 mm, 300 mm, and a 300 mm depth
that is orientated in the X-direction is considered. Eight no’s of 16 mm diameter bars
are used for the column’s longitudinal reinforcement, and 6 mm stirrups are used
for the column’s transverse reinforcement at 150 mm c/c. With six no’s of 16 mm
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Fig.1 SAP2000 model of 3D normal framed building
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diameter bars and 6 mm diameter (as per IS 456), stirrups at 150 mm center-to-center;
300 mm x 300 mm beam is used. To account for the impact of cracking, the moment
of inertia of the beam and column have been modified by 0.5 and 0.7, respectively.
The 120 mm slab thickness is taken into account. Outer brick infill walls are assumed
to be 230 mm thick, while partition walls are assumed to be 115 mm thick. The infill
wall is not modeled; however, the mass of the infill is considered and distributed on
the beam. The unit weight of brick infill is taken as 20 kN/m? where a 50% opening
in the all-infill walls is considered.

The floor finish for typical floors is assumed to be 1.0 kN/m? and the imposed load
on the ceiling is assumed to be 2.0 kN/m?. According to IS 1893 Part 1 (2016) [1],
live load is not considered for roof load. These structural data are listed in Table 1.
In order to simulate the slab’s high in-plane stiffness, diaphragm constraint action is
assigned at each floor level. Self-weight and loads acting on the slab are calculated
separately as triangular loads and applied on the supporting beams. Beam and column
connections were modeled by setting end length offsets for frame members. Dead
load and live loads are applied as gravity loads. The importance factor is assumed to
be 1.0, and the response reduction factor is assumed to be 3. Load combinations are
considered as per IS 1893 (Part 1): 2016 [1]. A linear time history analysis has been
performed in the X-direction (along the side of a 300 mm deep column) by applying
Newhall earthquake date. Further, modal analysis is also performed. Table 2 shows
the shear force, bending moment comparison of the critical column. The natural
time period of the building is shown in Table 3. A comparison of inter-story drift is
plotted in Fig. 6 and the top deflection of each floor is plotted in Fig. 5. The columns
adopted for the study do not meet design seismic load calculations for zone-V, but
only for the calculations for zone-III. To overcome this, a column size of 450 mm
x 400 mm is used to meet the building design in zone-V with a depth of 400 mm
oriented along the X axis where the longitudinal reinforcement in column is 12 no’s
of 16 mm diameter reinforcements bars with 8§ mm diameter stirrups at 150 mm c/c
spacing.

Table 1 Structural data of the structure

Grade of concrete M25 Column size 300 x 350
Grade of steel Fe415 Beam size 300 x 300
Floor to floor height 3.0m Infill wall thickness 230 mm
Floor finish 1 kN/m? Partition-wall thickness 115 mm
Slab thickness 120 mm Seismic zone \%

Live load 2 kN/m? Responsereduction factor 3

Soli type Medium Importance factor 1
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Table 2 Critical column comparison

Case study number Bending moment (kNm) Shear force (kN)
Fixed frame 375.5 204.9

Shear wall 166.2 103

Base isolation 228.4 165

Ta.b le. 3 Time period of the Case study number Time period of the building (s)
building

Fixed frame 0.649

Shear wall 0.452

Base isolation 1.27

2.2 Case Study—2: Framed Building with Shear Wall

In case study 2, all the geometric and material properties of case study 1 are used and
additionally, and shear wall is added. The design of shear wall is carried out with an
assumption that the shear wall will resist 50% of the lateral moment and remaining
50% will be resisted by columns in the framed system. Four shear walls are added
on the four sides middle, in such a way that torsional stress will not occur. Different
modeling methods are used to represent shear walls, including combinations of shell
and frame parts. The most popular modeling method, also known as the wide column
method, consists of a mid-pier frame to reflect the stiffness of the shear wall and a
horizontal frame (rigid arm) to allow proper couplings with intersecting beams and
slab components.

Shear wall is designed as per IS 13920: 2016 [8]. The designed shear wall has a
width of 2.5 m and a thickness of 200 mm, each direction with two numbers. The
main reinforcement of 12 mm diameter with a spacing of 200 mm c/c and lateral
reinforcement of 10 mm diameter with a spacing 200 mm c/c are used. The short
beam connecting the column and shear wall has a higher depth of 400 mm to sustain
the bending moment of the shear wall. The materials used for shear wall are M25
grade concrete and Fe415 grade of steel. Figure 2 shows the 3D SAP2000 model
of the framed building with shear wall. Linear time history analysis is performed in
X-direction (along 300 mm depth side of column). The shear force, bending moment,
and inter-story drift of critical column are given in Table 2; and the time period of
the building is tabulated in Table 3. Building with column size 350 mm x 300 mm
with shear wall is able to withstand the seismic zone-V. The top deflection of each
floor is plotted in Fig. 5.
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2.3 Case Study—3: Framed Building with Base Isolation

Similar to case study 2, all the geometric and material properties of case study 1 is
used in case study 3 and additionally, instead of shear wall, base isolation is added.
The design of base isolation is made with an assumption of 50% reduction in the
seismic response.

Laminated rubber bearing isolator is one type of isolators and is considered for
the present study. It has a vertical load carrying capacity and is made of rubber
in alternating layers. Steel laminated plates at the top and bottom of these layers
distribute vertical loads and transmit shear force to the internal rubber layer. A rubber
cover that protects the steel laminated plates is included on the top and bottom of
the plate. This isolator with much lower horizontal stiffness is introduced between
foundation and the superstructure. Spectral acceleration decreases with an increase
in the system’s natural period, which in turn reduces the force acting on the structure.
But the system’s displacement dramatically rises. This is due to the deformation of
the rubber layer.

Base-isolation design includes determining the size of isolator, height of isolator,
number of rubber layers and steel plates provided, mass of the isolator, horizontal
stiffness and vertical stiffness of isolator. The provisions for evaluating these prop-
erties are stated in IS 1893 (Part 6): 2022. In this study, a framed building with
base isolation is designed as per IS 1893 (Part 6): 2022 and is shown in Fig. 3. The
isolators are modeled as link elements by giving relevant properties in SAP2000
software. Figure 4 shows the SAP2000 Elevation view of the Base Isolated structure.
The isolators are placed on the pedestals to support the building. Linear time history
analysis and modal analysis have been performed.

3 Comparative Study

By performing linear time history analysis, the model is analyzed in each case. The
story deflection, bending moment, and shear force value of the critical column are
compared for all three cases, and the time period of the three cases is also tabulated
when performing modal analysis.

4 Conclusion

This study presents an analytical evaluation of the seismic response of three buildings
using two alternative seismic response control techniques.

e By using linear time history analysis, the linear behavior of a framed building
with a normal frame, a shear wall, and base isolation are compared.
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e From the study, it is observed that addition of shear wall has more effective and
economical. Unlike base isolation, addition of shear wall doesn’t require special
construction technology. Because of the limitations in the base isolation, it may
be ideal for all cases.

e We conclude that the construction of a shear wall reduces the natural period of the

structure, increases lateral stiffness, and decreases bending moments and column
shear stresses.

e Shear wall construction as a response control is a more practical choice and
possesses better construction feasibility for low to medium rise buildings.
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