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Seismic Analysis of Multi Storey RC Buildings
supported on Single and Combined Base
Isolation Systems

Nithin AV, Jayalekshmi R

Abstract— Base Isolation is an earthquake mitigation technique where seismic demand on the building is reduced rather than increasing
the earthquake resistance capacity of the building. Base isolated buildings has less base shear and displays less story drifts compared to
fixed base buildings. Due to the effectiveness of base isolation techniques, it is more widely used for new structures and also for retrofitting
the existing structures. The objective of the study is to compare the behaviour of the buildings with lead rubber bearing (LRB) and friction
pendulum bearing (FPB) under individual and combined use for both regular and irregular plans. The parameters like base shear, storey
displacements, inter-storey drifts and storey rotations are studied under EL Centro, Loma and Northridge earthquakes. The design of the
isolators is first studied and the variation of effective damping is investigated for different isolation systems. The seismic responses are
evaluated by performing nonlinear time analysis on a twelve storey reinforced concrete building. From the results, combined isolation type
where Friction Pendulum Bearings are provided on the exterior and Lead Rubber Bearings on the interior, are found to be the most
effective in reducing the response compared to Lead Rubber bearing only model. The Friction Pendulum Bearing models had the lowest
base shear and inter-storey drift values. The Lead Rubber Bearing type models were found most effective in reducing the storey rotations

159

of building irregular in plan.

Index Terms—
Displacement, Storey Drift, Storey Rotations.

1 INTRODUCTION

HE study of earthquake impact on the structures and its

mitigation is very essential. Due to earthquake, unwanted

responses in the form of displacement are induced in the
structures. The unpredictable behaviour of earthquake makes
us to implement early precautions while designing and con-
struction of a building in a seismic prone area. The traditional
method of designing earthquake resistant structures is not cost
effective as it is based on making building stiff and strong so
as to absorb all the lateral forces caused due to earthquake
ground motion.
The base isolation techniques help to reduce the responses
caused due to seismic events by decoupling the base from the
superstructure. It makes the building more flexible. Due to the
low horizontal stiffness of the isolators, large displacement
values are induced on the base, causing impounding effects on
adjacent buildings, connecting pipes etc. It is necessary to limit
both the acceleration response and large displacement of the
structure in an effective manner. It is a passive control device
which is installed between the foundation and base of the
building. The basic principle is either deflection or absorbing
the seismic energy. First is achieved by making the building
flexible at the base in lateral directions, this increase the fun-
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period of the structure. This helps in reducing floor accelera-
tions and inter-story drift demands on the structure above the
isolation system and results in negligible structural and non-
structural damage. This makes the superstructure to act elastic
almost. The buildings having longer time periods attract less
seismic forces. The nonlinear response of isolators helps in
seismic energy absorption.

Base isolation refers to the principle which introduces flexibil-
ity to the supports of the building in the horizontal plane and
ensures the period of the buildings outside that of the earth-
quakes acting on it. This idea reduces the pressure on building
a struc-

ture more earthquake resistant by reducing the seismic de-
mand acting over them. These isolators are either installed as a
single

type or using different isolators on the base of same building.
The concept of combined and multiple isolation techniques is
not new. The combined isolation is used in so that effective
reduction of seismic response can be carried out in case one of
the system fails during the event.

This paper presents a comparative study of the variation of the
seismic behaviours of a Reinforced Concrete building with
different types of seismic isolation systems. The responses like
base shear, story displacement, inter-story drifts and story
rotations of the buildings are investigated for understanding
the behaviour of base isolated systems on a multi-storied
building. The common types of base isolators, the Lead Rub-
ber Bearing (LRB) and Friction Pendulum Bearing (FPB) are
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used for understanding this variation on a multi-storey build-
ing. The analysis is carried out using non-linear time history
analysis in finite element software SAP2000. The effect is stud-
ied on both regular and irregular plans

2BASE ISOLATION SYSTEMS

Most commonly used bearings are Lead Rubber Bearings
(LRB) and Friction pendulum bearings (FPB). Both types of
isolators have inherent damping effects. They shift the build-
ings fundamental frequency beyond the range of earthquake
excitation. Both types are defined by stiffness, displacements
and yield strength characteristics.

The LRB is an elastomeric bearings consisting of a series of
alternating rubber and steel layers. The rubber provides lateral
flexibility while the steel provides vertical stiffness. The lead
core provides damping effects to the isolator. The nonlinear
behaviour of a LRB isolator can be effectively idealized in
terms of a bilinear force-deflection curve, with constant values
throughout multiple cycles of loading

A FPB is comprised of a stainless-steel concave surface, an
articulated sliding element, and cover plate. The slider is fin-
ished with a self-lubricating composite liner (e.g. Teflon).
Movement of the slider generates a dynamic frictional force
that provides the required damping to absorb the earthquake
energy. When the slider moves over the spherical surface, the
supported mass will be lifted and the movement will provide
the restoring force to the system. Friction at the interface is
dependent on the contact between the Teflon-coated slider
and the stainless-steel surface.

3 DESCRIPTION OF THE MODEL AND
ISOLATOR DETAILS

The building is assumed to be in Zone V and medium soil
condition is considered. The properties of the considered
building configurations in the present study are given in Table
1. The isolator arrangement is shown in Figure 1 and Figure 2.

TABLE 1 STRUCTURAL PROPERTIES AND LOADS

Plan dimension 20x12m

Spacing between frames 5m along X direction and 4

m along Y direction

No of storey’s 12
Storey height 3.2m
Building frame system Special Moment Resisting
Frame
Foundation type Fixed and Isolated
Damping ratio 5%

Concrete Grade M40
Steel Grade Fe 415
Beam Size 300mm x 500 mm
Column size 450 mm x 450 mm
Slab Size 150 mm
Wall thickness Exterior 230 mm
Wall thickness Interior 150 mm
Live Loads 3 kN/m2
Floor Finish 1kN/m2

The tar- 775 77 7z et
period 7 % ZZ// %T)
was tak- en
as 25 5 = sec
and ef- -

fective V’A i i E /7//

damp- | - ing
(Beff) of V%% 10%
has been

adopted B o for
the de- 7/ GroupB sign
of the iso-
lators. Cra

and Bp are taken as 0.4 and 1.2 in the design of isolators. Two
types of bearings i.e. Type A and B were manually designed as
per the axial loads and properties. Table 2 and 3 shows the
isolator link properties for regular and irregular building. IBC
2000 [32] and design handbook [29] has been used to design of
both isolators. 1.5 times Dead load and live load is taken for
calculating axial load.
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FIGURE 1 ISOLATOR ARRANGEMENT IN REGULAR BUILDING

FIGURE 2 ISOLATOR ARRANGEMENT IN IRREGULAR BUILDING

TABLE 2 HYSTERETIC PROPERTIES OF THE LRB AND FPB SYSTEM
FOR REGULAR BUILDINGS

Parameters Group A Group B Type of Isola-
tor

Axial load( kN) 4690 3890 LRB & FPB
Effective Stiffness 3016.78 2502.19 LRB
( kN/m) 3591.4 2978.8 FPB
Post elastic stiffness | 2782.79 2308.11 LRB
((kN/m) 3025.8 2509.67 FPB
Initial Stiffness 27827.9 23081.1 LRB
((kN/m) 1092316 905993.5 FPB

Yield Strength( kN) 49.14 40.76 LRB & FPB
Yield Displace- 0.002 0.002 LRB
ment(m ) 0.0001 0.0001 FPS

TABLE 3 HYSTERETIC PROPERTIES OF THE LRB AND FPB SYSTEM
FOR IRREGULAR BUILDINGS

Parameters Group Group B Type of
A Isolator
Axial load 4786 3940 LRB &
(kN) FPB
Effective Stiff- 3078.53 2534.35 LRB
ness ( kN/m) 3664.925 3017.09 FPB
Post elastic 2782.79 2308.11 LRB
stiffness ( kN/m) 3087.74 2541.935 FPB
Initial Stiffness 27827.9 23081.1 LRB
( kN/m) 1114675 917638.7 FPB
Yield Strength 49.14 40.76 LRB &
(_kN) FPB
Yield Dis- 0.002 0.002 LRB
placement(m) 0.0001 0.0001 FPS

The SAP2000 models are shown in Figure 3 and 4

4 MODEL ANALYSIS

Following two models are considered in all the three types of
earthquake loads, El Centro, Loma and Northridge. Table 4

shows the earthquakes selected

TABLE 4 SELECTED EARTHQUAKES FOR MODELLING

Event Year Station PGA
Imperial 1979 El Centro 03746 g
Valley Array #1
Loma Prieta 1989 Gilroy Array 03529 ¢
#2
Northridge 1994 Canyon 0.4355 g
Country
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FiG. 4 SAP2000 MODEL OF IRREGULAR BUILDING
The model types taken for study are shown in Table 5.
Group A are provided for the internal and Group B for Exter-

nal Column bases.

TABLE 5 MODEL TYPES CONSIDERED FOR STUDY

BASE CONDITIONS MODEL TYPE
Regular | Irregular

FIXED BASE 1A 2A

LRB ISOLATION SYSTEM 1B 2B

FPB BASE ISOLATION 1C 2C

LRB (internal columns) + FPB | 1D 2D

BASE ISOLATION( external col-

umns)

FPB (internal columns) + LRB | 1E 2E

BASE ISOLATION(external col-

umns)

5 RESULTS AND DISCUSSION

The parameters studied are time period, base shear, storey
displacement, storey-drift for regular and irregular buildings
and storey rotation for irregular buildings along the building
height.

5.1 BASE ISOLATION EFFECTS ON REGULAR AND IR-
REGULAR BUILDINGS UNDER INDIVIDUAL AND COM-
BINED USE OF LRB AND FPB

5.1.1 Variation of Time Period and Base Shear

Time Period was effectively increased for Regular and Irregu-
lar Building (Figure 5 ad 6). Base shear was greatly reduced by
using base isolation techniques. (Figures 7 and 8) both in regu-
lar and irregular buildings. Combined Isolation models,
MODEL 1D and MODEL 2D were more effective in reducing
base shear. MODEL 1C and 2C has the least base shear values
of all the earthquake excitations applied.

TIME PERIOD(S) OF REGULAR
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FIG 5 TIME PERIOD (S) OF REGULAR BUILDINGS

TIME PERIOD OF IRREGULAR MODEL
TYPES

m2A m2B8 m2C

~
3 o 9 n
~ s = ~

IRREGULAR MODEL TYPES

2D m2E

1.79

FIG 6 TIME PERIOD (S) OF IRREGULAR BUILDING
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5.1.2 Variation of Storey displacement and Storey Drift

The displacements were reduced for base isolated buildings.
For regular buildings Maximum displacement along both is
taken and plotted. Figures 9,10 and 11 shows the variation for
each model case for regular building. Figures 12,13 and 14
shows the variation of storey drift for regular buildings.

For Irregular buildings, both U1l and U2 directions are taken
for the study. Figures 15, 17 and 19 shows the variation of sto-
rey displacement along Ul direction. Figures 16,18 and 20
shows the same along U2 direction. Figures 21, 23 and 25
shows the variation of inter-storey displacement along U1 di-
rection. Figures 22,24 and 26 shows the same along U2 direc-
tion. Due to Irregularity, drift values along U1l and U2 showed
slightly different patterns for Lead Rubber Bearing models.
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FIG 9 VARIATION OF STORY DISPLACEMENT (M)ALONG HEIGHT FOR
EL CENTRO FOR REGULAR BUILDING
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FIG 10 VARIATION OF STORY DISPLACEMENT (M)ALONG HEIGHT
FOR LOMA FOR REGULAR BUILDING
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FIG 11 VARIATION OF STORY DISPLACEMENT (M)ALONG HEIGHT
FOR NORTHRIDGE FOR REGULAR BUILDING
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FIG 12 VARIATION OF STORY DRIFT (M)ALONG HEIGHT FOR EL
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5.1.3 VARIATION OF STOREY ROTATION
The variation of storey rotation is studied for Irregular build-

ings for El Centro, Loma and Northridge. The variations are
shown in Figures 27, 28 and 29.
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FIG 29 VARIATION OF STOREY ROTATION FOR NORTHRIDGE

6 CONCLUSION

All the base isolated models were effective in minimising the
structural responses during the earthquake accelerogram data
that was applied to the building model. the conclusions ob-
tained from the results are:

e All the base isolated models showed reduced base
shear compared to fixed base building.

e The Friction Pendulum Bearing (MODEL 1C & 2C)
was found to be more effective in reducing base shear
compared to other models and Lead Rubber Bear-
ings(LRB) based isolation systems in regular and ir-
regular cases.

e The variation of story drift along various floors be-
came very less while using the Lead Rubber Bearing
and Friction Pendulum Bearing systems.

e The implementation of Lead Rubber Bearings on the
interior and the Friction Pendulum Bearings on the
exterior column shows greater reduction in the pa-
rameters taken for study, i.e., storey drift and dis-
placement. The story drift was found to be less than
that in Lead Rubber Bearing Model.

e  The variation of base shear and story drifts were simi-
lar in regular and irregular buildings in most of the
considered earthquake cases.

e Friction Pendulum Bearing Model, MODEL 1C has
the least values storey drifts for regular and irregular
cases.

e  Maximum drift values were observed at the floor lev-
el for isolated building cases.

e Replacing the FRB on the external columns on a LRB
model was found to disadvantageous as the parame-
ters showed less variation in this case when compared
Friction Pendulum Bearings only models

e It was also found that the magnitude story rotation at
top storey was effectively reduced by the isolation
systems. The effect was most reduced for LRB based
models, i.e., MODEL 2B and 2E. Combined Isolation
in MODEL 1D showed high rotations at isolator level
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compared to MODEL 1C, Friction Pendulum Bearing
model.
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