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Abstract: 

The study of braced steel frame response is widely studied in many branches of Structural engineering. Many researchers have 

been deeply studying these structures, over the years, mainly for their greater capacity of carry ing external loads. Every special 

moment resisting frames undergo lateral d isplacement because they are susceptible to large lateral loading. When a tall building is 

subjected to lateral or torsional deflections under the action of seismic loads, the resulting oscillatory movement can induce a 

wide range of responses in the building’s occupants, lateral stiffness is a major consideration in the design of tall buildin gs. 

Bracing is a h ighly efficient and economical method of resisting lateral forces in a frame structure. In this present study, the effect 

of four different types of bracing systems have been studied, for the use in special moment resisting frame (SMRF) steel framed 

building situated in seismic zone IV and number of storeys is 15, in order to provide lateral stiffness and results in terms of jo int 

displacement, base shear  and storey drifts have been presented. 
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I.         INTRODUCTION 

Earthquake is a natural phenomenon, which is generated in 

earth’s  crust. Duration of earthquake is usually rather 

short, lasting from few seconds to more than a minute or so. 

But thousands of people lose their lives due to earthquakes in 

different parts of the world. Building collapse or damages are 

the major loss due to earthquake ground motion. In  an 

earthquake, the building base experiences high-frequency 

movements, which results in  inertial forces on the building 

and its components. The force is created by the building's 

tendency to remain at rest, and in its orig inal position, even 

though the ground beneath it is moving. The assessment of 

the seismic  vulnerability of structures is a very complex 

issue due to the non-deterministic characteristics of the 

seismic  action and the need for an accurate prediction of 

the seismic responses for levels beyond conventional linear 

behavior. Lateral stability has always been a major problem 

of structures especially in the areas with high earthquake 

hazard this issue has been studied and concentric, eccentric 

systems have been suggested and consequently used by 

civil engineers. Inelastic performance is one of the main 

factors influencing the choice of bracing systems. The 

bracing system that has a more p lastic deformation before 

collapse can absorb more energy during the earthquake. 

Seismic Analysis is a subset of structural analysis and is the 

calculation of the response of a building (or non- building) 

structure to earthquakes. It is part of the process of 

structural design, earthquake engineering or structural 

assessment and retrofit in regions where earthquakes are 

prevalent. Providing strength, stability and ductility are 

major purposes of seismic design. 

 

II. BRACING 

Braced Frame is a structural system which is designed 

primarily to resist wind and earthquake forces. Members i n  a 

braced frame are designed to work in tension and 

compression, similar to a truss. 

Types of Bracings 

There are two types of bracing systems 

a) Concentric Bracing System  

 b) Eccentric Bracing System 

Concentrically Braced Frames (CBFs) are a class  of 

structures resisting lateral loads through a vertical concentric 

truss system, the axes of the members  aligning concentrically 

at the joints. Concentric braced frames do not have extensive 

requirements regarding members  or connections, and are 

frequently used in areas of low seismic risk.  Most braced 

frames  are concentric. This means that where members 

intersect at a node, the centroid of each member passes 

through the same point. Eccentrically Braced Frames (EBFs) 

are a relatively new lateral force resisting system developed 

to resist seismic events in a predictable manner. Properly 

designed and detailed EBFs behave in a ductile manner 

through shear or flexural yielding of a link element. The link 

is created through brace eccentricity with either the column 

centerlines or the beam midpoint. The ductile y ielding 

produces wide, balanced hysteresis loops, indicating excellent 

energy dissipation, which is required for high seismic  events. 

 

2.1 Objectives 

i. To study the seismic behavior of steel building by 

performing Linear static. 

 

ii. To understand the elastic and plastic behavior 

of the steel building under gravity loads taken as per IS 875-

2000. 

 

iii. Comparative study for concentrically and 

eccentrically placed lateral load resisting systems at different 

locations. 

 

iv. To compare various parametric results such as 

Storey drift and Storey fo rces for the different models 

considered. 
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2.2 Methodology 

Linear static analysis defines a way to represent the effect of 

earthquake ground motion when series of forces are act on a 

building, through a seismic design response spectrum.  This 

method assumes that the building responds in  its 

fundamental mode. The applicability of this method is 

extended in many build ing codes by applying factors  to 

account for higher buildings with some higher modes, and 

for low levels of twisting. This method is the simplest  one 

and it requires less computational effort and is based on 

formulae g iven in the code of practice. First the design base 

shear is computed for the whole building, and it is  then 

distributed along the height of the building. The lateral 

forces at each floor level are d istributed to individual lateral 

load resisting element. 

 

III. INTRODUCTION TO BUILDING 

 
FIGURE 1 

Building plan 

 

TABLE 1 Modeling data of building 

Building Description SMRF 

Zone IV 

 

Zone Factor 0.24 

Response Reduction 

Factor 

5 

Importance Factor 1 

Height of Building  48 m 

Column Details Roof to 10 

th 

ISWB 500 

10 th to 3rd  ISMB 600 

3rd to GF ISWB 600-2 

Beam Details beam ISLB 200 

Bracing ISWB 175 

Thickness of Slab  100 mm 

Floor to Floor Height  3.2 m 

Grade of Steel Section Fe - 340 

Grade of Concrete  M20 

Floor Fin ish 1.0 kN/m
2
 

Live Load 3.0 kN/m
2
 

 

IV. STRUCTURAL CONS IDERED FOR ANALYS IS 

Total 11 models are analyzed in the study 

 One bare frame model 

 Four model of Eccentric X bracing 

 Four model of Eccentric V bracing 

 One model of concentric X bracing  

 One model of Conentric V bracing  

 
FIGURE 2 

Steel framed model of building without bracing 

 

FIGURE 3 

Steel framed model of building Concentric X bracing 

 
FIGURE 4 

Steel framed model of building Eccentric X bracing  
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FIGURE 5 

Steel framed model of building Concentric V bracing 

 

 

  
FIGURE 6 

Steel framed model of building Eccentric V bracing  

 

V. RESULT 

4.1 BAS E S HEAR 

Base shear is an estimate of the maximum expected lateral 

force that will occur due to seismic ground motion at the base 

of a structure. Calculat ion of base shear depends on soil 

proximity to potential source of seis mic activ ity. The seis mic 

force at base shear of building is also called base shear 

Following chart 1 and chart  2 shows base shear for linear 

static analysis in longitudinal X d irection and Y direct ion 

 

 
Chart 1 Base Shear (KN) in X direction  

 

 
Chart 2 Base Shear (KN) in Y direction  

 

4.2 JOINT DISPLACEMENT  

Joint displacement is a minimum displacement expected 

lateral force will occur due to seis mic or wind act ion at the 

top storey level of a structure. Calcu lation of joint 

displacement depends on lateral forces. Following chart 3 

and chart 4 shows Joint displacement at roof level for linear 

static analysis in longitudinal X d irection and Y direct ion 

 
Chart 3 Jo int displacement (mm) in X direct ion 

 

 

 

Chart 4 Jo int displacement (mm) in Y direct ion 

 

4.3 STOREY DRIFT  

Storey drift is the drift of one level of a multi-storey building 

relative to the level below .Inter storey drift is the difference 

between the roof and floor displacement of any given storey 

as the building sways during the earth quake, normalized by 

the storey height. Following chart 5 and chart 6 shows Storey 

drift for linear static analysis in longitudinal X direct ion and 

Y direction 
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Chart 5 Storey Drift in X direction 

 

 Chart 6 Storey Drift in Y d irection  

 

 

VI. CONCLUSION 

Base Shear- It is observed that due to bracing in both 

direction base shear capacity for V-Brace, X-Brace, increases 

up to 15-25 %, where as in  X eccentric  Brace maximum 

base shear increases up to 20 % as and V Eccentric brace 

maximum base shear increases up to 17 % as compared with 

bare frame model  Joint Displacement- it  is observed that the 

displacement at roof level of the steel frame structure for V-

Concentric Brace, X-Concentric, reduced up to 18- 20 %, as 

compared with bare frame model.Where X Concentric 

reduced more than V Concentric Brace.  Storey Drift- steel 

frame structure for Bare frame, X and V Eccentric and X and 

V Concentric, where as in  X Concentric Brace minimum 

drift  as compared with other frame model.  
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