
 

11 VII July 2023

https://doi.org/10.22214/ijraset.2023.54769



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue VII Jul 2023- Available at www.ijraset.com 
     

904 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 
 

Analysis of Steel Braced Steel Framed Building 
using Designed Base Isolator (LRB) 

 
Ameya A. Japtiwale1, Prof. N. P. Phadatare2 

1Final Year, M. Tech., Structural Engineering, Department of Civil Engineering, P.V.P.I.T., Budhgaon, Maharashtra, India 
2Asso.Professor, Department of Civil Engineering, P.V.P.I.T., Budhgaon, Maharashtra, India 

 
Abstract: In the construction field, new techniques or methods are invented and later implemented. But there are lots of land 
areas which exist at high seismic intensity zones in India.  So that there is a need for an economic solution having earthquake 
resistant structure. The steel structures are light weight, cheap in cost, reusable, mostly recycled and most importantly more 
effective at withstanding seismic activities. Base isolation isolates the structure from strata so building becomes safe from seismic 
activities. Bracing provides stiffness and strength against horizontal shear. The steel structure with LRB and steel structure with 
bracing is designed and analysed on ETAB 16  software. 
Keywords: steel structure, base isolation, LRB, steel bracing, ETAB 
 

I. INTRODUCTION 
A. Project Information 
In the developing world, the tall buildings i.e. high rise buildings are constructed for the specific purposes like residential, corporate 
offices, hotels and business or may be for combination of these purposes. The construction of these tall buildings possesses 
challenges for structural engineers at earthquake prone areas. Base isolation is the technique used to detach the structure from the 
ground.  
So that damage occurred to structure due to earthquake will be minimum. While earthquake most of building gets damaged due to 
movement of the ground. For example when bird is flying above an earthquake, bird is safe with no effect because there is zero 
contact between earth and bird. Thus principle is to create zero contact zones between ground and the structure, it will protect 
building from shaking and damage caused due to it. To withstand the building from lateral forces like wind load against facade, 
seismic due to earthquake, and other loads which can cause the building to sway or collapse, there is requirement of structural 
element which is called as bracing. So if the bracing is well designed then it will improve the resistance to these forces and damage 
to building and its occupants will be less. Often steel is used for bracing system.  
 
B. Problem Statement 
By using the structural analysis program ETAB version 16, dynamic kind of analysis will be applied to the models. The modeled 
buildings will be according to IS 800:2007, IS 1893 (Part 1): 2016, IS 875(part 1 & 2), UBC (Universal Building Code for design of 
LRB) 1997 in ETABS V16.0.0 software. 
 
The details of the building are given below: 
Building type – Steel framed building 
Type – Residential 
No. of stories – G+10 
Plan area– 400 sq meter 
Dimensions of Plan – 20m X 20m 
Bays in X-direction – 5 
Size of X-direction – 4m 
Bays in Y-direction – 5 
Size of Y-direction – 4 m 
Floor to Floor height – 3 m 
Height of building – 30 m 
Zone–3 
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C. Objectives 
1) To prepare 3 models of various forms of G+10 stories building i.e. plain steel building, steel building with steel bracing, steel 

building with Lead Rubber Bearing Isolators. 
2) To carry out the dynamic non-linear time history analysis on various modeled buildings according to IS 800:2007, IS 1893 (Part 

1): 2016, IS 875 (part 1 & 2), and UBC 1997 in ETABS v16.0.0 software.  
3) To observe and recognize the dynamic behavior of analyzed buildings.  
4) To compare plain steel framed building against steel framed building with bracing and plain steel framed building against steel 

framed building with Lead Rubber Bearing (LRB) for maximum storey displacement, maximum base shear, overturning 
moment, maximum story drift and storey stiffness which are seismic parameter.  

5) To obtain the most effective structural system to resist the earthquake forces among the different forms. 
 

D. Proposed Methodology 
1) Modeling of the G+10 storey buildings of plain steel framed building, steel framed building with steel bracing and steel framed 

building with Lead Rubber Bearing Isolator in ETABS v 16.0.0 software. 
2) All the three buildings (plain steel framed, steel framed building with steel bracing and steel framed building with LRB) will be 

modeled then loads will be considered as per code IS 875 (part 1 & 2). 
3) Non-linear time history analysis will be carried out as per IS 1893 (Part 1): 2016. 
4) Lead rubber bearing (LRB) will be designed manually considering maximum support reaction of model as per code UBC 1997. 

Then the properties of LRB will be assigned in model separately which will be second model and will be reanalyzed the model. 
5) Bracing model will be separately modeled with considering the section required. 
6) Outcome from all 3 models will be tabulated and discussed. 
 

II. LITERATURE REVIEW 
A. Sample Literature Review 
(Budhi Ram Choudhary, July 2019)They studied the seismic analysis of fixed based and base-isolated building structures. They 
modeled the four cases of 25 stories of square, circular, hexagonal and octagonal configurations with composite steel frame columns 
and tube systems at exterior and interior frames to form a tube in tube system in ETAB v17.2 software. The loads were considered 
as per IS 875(Part 1&2) with a fixed base. Then they carried out Non-linear time history analysis as per code IS 1893 (Part 1):2016 
considering El-Centro earthquake ground motion records. The Lead Rubber Bearing (LRB) was designed manually with 
consideration of maximum support reaction of each model as per UBC 1997 code. After that the properties of LRB assigned in each 
model separately and reanalyzed the models. Finally they concluded with that the LRB base isolation system increases the stability 
of structure against earthquake forces and hence makes the structure economical. So that, octagonal-shaped model was best and 
hexagonal shaped was the least option for the symmetric tall building. 
(Swapnil Ambasta, Nov 2020)They studied about base isolation, its types, its principle and also the basic elements of base isolator. 
They modeled 2 cases of G+6 storied RCC buildings with square geometry with plan dimensions of 12m*12m with fixed base and 
base isolated. They designed the required Lead Rubber Bearing for base isolation. They evaluated the values of storey displacement, 
storey drift and storey shear for fixed base building and base isolated building. They analyzed the building models on ETAB 
software by response spectrum analysis and explained the procedure in detail. After the lead rubber bearing (LRB) was provided as 
base isolation system, storey shear reduced which reduces the seismic effect on building; Base shear was reduced which makes 
structure stable during earthquake. They concluded that after LRB was provided as base isolation system it increases structures 
stability against earthquake and reduces reinforcement. Therefore it makes structure economical. 
 
B. Concluder Remark 
After reviewing many references, it can be concluded that base isolated structure gives improved performance against seismic 
vibrations than conventional structure. In base isolated structures, the decrease in formation of plastic hinge formation is more than 
in fixed base structures. The essential characteristics of base isolation system are isolation, energy dissipation, and restoring 
mechanism. But some isolators like friction type base isolator are effective only under certain excitations and structural 
characteristics. It is shown that under design conditions, all base isolators can significantly reduce the acceleration transmitted to 
super-structure. 
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This project considers the use of bracings and lead rubber bearing and comparison of each of this with conventional steel building. 
One structure of steel building is modelled and analysed in ETABs and then each of above mentioned is applied separately for same 
model and analysed. Then some different parameters are compared and result is discussed.” 
 

III. THEORY 
A. Base Isolation 
Base isolation of structure is the method used to protect the structure from the seismic shaking. Base isolation consist two separate 
words i.e. “base” and “isolation”. The base represents the ground on which the structure stands and isolation represents separation or 
zero zone contact. So that together it can be defined as base isolation is the technique of separating or decoupling the construction 
from ground surface on which it stands.  
For the base isolation, base isolators are used which reduces seismic energy. Base isolators are placed in between the super structure 
and sub structure. These base isolators absorb huge amount seismic vibrations. So it is clear that base isolation is the one of the best 
solution for the resistance against seismic vibrations. 

  

 
Fig. 3.1:-Structure without Base Isolator and with Base Isolator 

 
B. Types of Base Isolation Devices 
Types of base isolation devices are as follows- 
1) Elastomeric bearing 
2) Roller and ball bearings 
3) High damping rubber bearing 
4) Curved Slider or Pendulum Bearing 
5) Lead Rubber Bearing 
 
 Lead Rubber Bearing 
LRB is the type of elastomeric base isolation. The shape of LRB is circular. It is the combination of rubber and steel i.e. on the top 
and bottom, the bearing is fitted with steel plates which are used to attach the bearing to the building and foundation. The bearing is 
very stiff and strong in the vertical direction, but flexible in the horizontal direction. Vertical rigidity assures the isolator will 
support the weight to the structure, while the solid lead “plug” in the middle to absorb energy.  

Fig. 3.2:-Lead rubber bearing 
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C. Bracing System 
For transfer of gravity loads, the structural systems are used in the building kind of structure. The dead load, live load and snow load 
are the result of the gravity. Apart from these vertical loads, buildings are also subjected to lateral loads caused by wind, blasting or 
earthquake. Lateral loads are cause of inducing high stresses, which develop sway movement, it also induce vibration. So that for 
making the sufficient strength structure against vertical loads in addition with adequate stiffness to overcome lateral forces. 
For the purpose of reduction of lateral displacements, the bracing systems is used and for that the types of bracing system like 
concentric, eccentric and knee bracing systems have been used from past few years. To laterally stiffen the framed structure, the 
bracing is highly efficient and economical method. 
When bracings and shear walls are compared then it shows that bracing has less stiffness and resistance for structure. Also bracing 
is light in weight and more useful for architectural purposes when bracings are used for earthquake resistant structure, it should not 
cause any torsion disorder, also there should be increment in axial loads of columns in bracing panels. 
Types of Bracing Systems 
1) Concentric Bracings:- 
a) Diagonal Bracing  
b) V Bracing  
c) X Bracing  
2) Eccentric Bracings 
 
 X Bracing 
The two diagonal members crossing each other are called as cross-bracing or X-bracing. It is used to only resist the tension, one 
brace acting to resist sideways forces at a time depending on the direction of loading. For cross bracing, steel cables can be used. 
There is one drawback of this bracing i.e. it gives less space for openings in façade and it come up with greatest bending in floor 
beams. In other words a pair of diagonal braces crosses near mid-length of the bracing member is cross bracing. In construction field, 
the diagonal supports intersect for reinforcing the building structures. Cross bracing is capable of boosting the building’s resistance 
to withstand shaking motion. Bracing is one of the main element of seismic rehabilitation since it provide stability to structure so it 
can withstand. The two diagonal supports which intersects each other i.e. X-shape, one supports compression force and other 
supports tension forces is known as cross bracing. Which one brace is in tension and other is in compression, is completely depends 
on the forces. Bracing increases structure’s stiffness so it become sturdier and can withstand to lateral forces. Cross bracings can be 
applied to any rectangular frame structure, such as chairs and book shelves. The steel cables can be used in steel construction for 
only resisting the tension. Cross bracings are widely used for bridge side supports along with structural foundations. This kind of 
construction method is responsible for increasing the weight of load of a structure which it can support. For constructing earthquake 
resistant buildings, this usual application is used.    

 
IV. DESIGN CALCULATIONS 

A. Design of LRB 
The formulae for design of lead rubber bearing areas follows– 

1) Design displacement=  

2) Effective stiffness =  

3) Energy dissipation per cycle=  

4) Force at  

5) Stiffness in rubber =  

6) Yield displacement=  

7)  
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8) Revised stiffness of rubber =  

9) Thickness of rubber isolator =  

10) Area of isolator =  

11) Shape factor =  

12) Shape factor =  

13) Compression modulus =  

14) Horizontal stiffness of isolator =  

15) Vertical stiffness of isolator =  

16) Area of hysteresis loop =  

17) Yield strength =  
 
B. Inputs to ETAB 
1) For Internal Columns 

Rotational Inertia  

For  

For  

For  

For  

For  

For  

 
Fig. 4.1:-Cross sectional properties of LRB for Internal Columns 

 

Rubber layers of 
5mm 

End plates of 
25mm thickness 

Shim plates of 2.8mm 
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2) For External Columns 

Rotational Inertia  

For  

For  

For  

For  

For  

For  
 

 
Fig. 4.2:-Cross sectional properties of LRB for External Column 

 
C. Design of Bracing 
In this model of steel framed structure with bracing, cross (X) bracing is used. This cross bracing is applied on exterior facade of 
building in the alternate column pattern. The ISMB500 is used as bracing element. The detail of it is as follows: 

 
Fig. 4.3:- Properties of Bracing 

 

Rubber layers of 
5mm 

End plates of 
22mm thickness 

Shim plates of 2.4mm 
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Fig. 4.4:- Elevation-1 of Steel Framed Structure with Bracing      Fig. 4.5:- Elevation-6 of Steel Framed Structure with Bracing 
 

                                               
Fig. 4.6:- Elevation-A of Steel Framed Structure with Bracing    Fig. 4.7:- Elevation-F of Steel Framed Structure with Bracing 
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V. RESULTS AND DISCUSSION 
A. Maximum Storey Displacement 
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It shows that the story displacement increases gradually from base to storey 10 in both the plain steel framed structure and steel 
framed structure with bracing. But when we compared both results, the story displacement is less in steel framed structure with 
bracing. The values of steel framed structure with LRB are high and almost same than the other two models. But this LRB attached 
structure reduces the stresses which are on the building. It moves the whole building without damaging it when seismic activity 
happens. 
 
B. Maximum Storey Drift: 
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Story drift increases from base to storey 10 in steel framed structure with bracing and decreases in LRB model. Chart shows that the 
difference between two consecutive floors in LRB model is less whereas it is high in bracing model. As storey drift is the lateral 
displacement of a floor relative to the floor below, so LRB model is safe as per storey drift point of view. 
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C. Storey Shear 
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Storey shear reduces from base to storey 10 in all the models. But it is reduced maximum in the LRB model. Since the storey shear 
is lateral forces acting on storey due to forces such as seismic and wind force, so that lesser storey shear keeps the building safe 
from sway. The values are large in the steel framed structure with bracing because steel bracing increases stiffness and as stiffness 
are more, storey shear is more. 
 
D. Overturning Moment 
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The overturning moment is decreasing from base to top in all models, but it is less in steel framed structure with LRB as compared 
to others. Since overturning moments are those applied moments, shears, and uplift forces that seek to cause the footing to become 
unstable and turn over, overturning factor is less in the steel framed structure with LRB. 
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E. Storey Stiffness 
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The storey stiffness decreases from base to storey 10 in both plain steel framed structure and structure with bracing. But in the case 
of LRB, it is constant with lesser value than other models. As storey stiffness is the ability of a structure to resist lateral deflection 
when a lateral force is applied, so structure with bracing is having maximum resistance against lateral deflection.  
 

VI. CONCLUSION 
1) Use of LRB as base isolator increases the maximum storey displacement of the structure by average of 200% as compared to 

steel framed structure. This increases the flexibility of structure and makes the structure stable during earthquake occurrence. 
The bracing system decreases the maximum story displacement by 62% as compared to plain steel framed structure. Most 
appropriate structure is steel framed with LRB since storey displaces from base to top at equally so that it doesn’t affect the 
building and occupants. 

2) Storey drift is reduced by77.5% due to use of LRB against plain steel framed structure. While it is reduced by 66% due to use 
of steel bracing. So it is clear that for the reduction of storey drift, use of LRB is useful. Since drifting of storey with relative 
storey during events of earthquakes is reduced in steel framed structure with LRB.  

3) Storey shear is reduced by83% due to use of LRB when compared with plain steel framed structure. Whether it is increased by 
67% by using steel bracing. Lesser story shear keeps structure safe from sway and this makes structure stable during earthquake 
since lesser lateral forces acting during earthquake. 

4) Overturning moment is reduced by 83% using LRB as an isolator for steel framed structure. In opposite manner, it is increased 
by 89% in steel framed structure with bracing when compared with plain steel framed structure. So structure is safe when 
seismic activity happens and LRB is used from forces which cause the footing to become unstable and turn over. 

5) Storey stiffness is reduced by 35% due to use of LRB and is increased by 390% due to use of bracing when it is compared with 
plain steel framed structure. As story stiffness is more, the resistance against lateral deflection while earthquake is more. 

 
VII. FUTURE SCOPE 

1) The model of steel structure with bracing and LRB can be formed, then there analysis can be done for seismic activity i.e. 
earthquake prone area. Then can be compared with steel structure with LRB and steel structure with bracing. 

2) It can be done for bridge analysis also. 
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