
 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT :Developments in computer hardware 

and software have made analysis techniques that 

were formerly too expensive within the reach of 

most project budgets. Foremost among these has 

been equivalent static analysis and push over 

analysis.. This approach defines a series of forces 

acting on a building to represent the effect of 

earthquake ground motion, typically defined by a 

seismic design response spectrum. It assumes that 

the building responds in its fundamental mode. For 

this to be true, the building must be low-rise and 

must not twist significantly when the ground moves. 

The response is read from a design response 

spectrum, given the natural frequency of the 

building.  

The applicability of this method is extended in many 

building codes by applying factors to account for 

higher buildings with some higher modes, and for 

low levels of twisting. To account for effects due to 

"yielding" of the structure, many codes apply 

modification factors that reduce the design forces 

(e.g. force reduction factors).  

Shaking and ground rupture are the main effects 

created by earthquakes, mainly resulting damage to 

buildings and other rigid structures. The severity of 

the local effects depends on the complex  

 

combination of the earthquake magnitude, the 

distance from the epicenter and the local geological 

and geomorphologic conditions the ground motion 

is measured by ground acceleration .An earthquake 

may cause injury and loss of life, road and bridge 

damage, general property damage and collapse or 

destabilization of buildings.  

Present work deals with study of seismic analysis 

and design of Technology Innovation and Industry 

Relations with different types of bracings V 

bracings, and X bracings was compared with the 

bare frame and results are analyzed like story 

displacements, story shear, bending moment , shear 

force and building torsion with the help of 

commercial software like ETABS9.7.4  under the 

static and pushover analysis. 

Keywords: V bracings, X bracings, story 

displacements, story shear, bending moment 

building torsion etc., 

I.INTRODUCTION 

The primary purpose of all kinds of structural 

systems used in the building type of structures is to 

transfer gravity loads effectively. The most common 

loads resulting from the effect of gravity are dead 

load, live load and snow load. Besides these vertical 
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loads, buildings are also subjected to lateral loads 

caused by wind, blasting or earthquake. Lateral loads 

can develop high stresses, produce sway movement 

or cause vibration. Therefore, it is very important for 

the structure to have sufficient strength against 

vertical loads together with adequate stiffness to 

resist lateral forces. Strengthening of structures 

proves to be a better option catering to the economic 

considerations and immediate shelter problems rather 

than replacement of buildings. Moreover it has been 

often seen that retrofitting of buildings is generally 

more economical as compared to demolition and 

reconstruction. Therefore, seismic retrofitting or 

strengthening of building structures is one of the 

most important aspects for mitigating seismic hazards 

especially in earthquake prone areas. 

TYPES OF BRACINGS 

There are two types of bracing systems  

1) Concentric Bracing System  

All kinds of the concentrically braced frames used in 

the seismic rehabilitation including the Cross, 

Chevron V braced frames, Chevron Inverted-v- 

braced frames, Zipper column rehabilitated 

Invertedv- braced frames. Axial forces including 

tension and compression in concentrically braced 

frames are regarded as Displacement control. 

Columns in compression are Force control (buckling 

of columns is critical) and in tension are 

displacement control. 

K BRACINGS  

The full diagonal bracing is not used in areas where a 

passage is required. In such cases, k-bracings are 

preferred over diagonal bracing because there is a 

room to provide opening for doors and windows etc. 

 

 V brace: Bracing where a pair of braces joins at a 

single point on the beam span. Inverted V braceis that 

form of chevron bracing that terminates at point on 

beam from below. 

This involves two diagonal members extending from 

the top two corners of a horizontal member and 

meeting at a centre point at the lower horizontal 

member, in the shape of a V. Inverted V-bracing 

(also known as chevron bracing) involves the two 

members meeting at a centre point on the upper 

horizontal member. 

 

     V Bracing 

X brace: Bracing where two diagonal braces crosses 

near mid-length of the bracing members. c) K brace: 

Bracing where a pair of braces connected on one side 

of a column joins at a single point on another leg of 

column. 

 

2) Eccentric Bracings 

Reduce the lateral stiffness of the system and 

improve the energy dissipation capacity. The lateral 

stiffness of the system depends upon the flexural 

stiffness property of the beams and columns, thus 

reducing the lateral stiffness of the frame. The 

vertical component of the bracing forces due to 

earthquake causes lateral concentrated load on the 

beams at the point of connection of the eccentric 

bracing. 

Eccentric bracing consists of diagonal braces located 

in the plane of the frame where one or both ends of 

the brace do not join at the end points of other 

framing members. The system essentially combines 

the features of a moment frame and a concentrically 

braced frame, while minimising the disadvantages of 

each system. 
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Types of eccentrically braced frames depending on 

the location of the link beam 

OBJECTIVE OF THE STUDY 

I. To understand the elastic and plastic 

behavior of the STEEL BUILDING building 

under gravity loads taken as per IS 875-1987  

II. To compare the steel building with different 

types of bracings like X bracings and V bracings 

are compared with the BARE framed building . 

III. To compare various parametric results such 

as Storey drift and Storey forces for the different 

models considered.  

IV. To obtain pushover curves both in X and Y 

directions using FEM based analytical software 

ETABS 9.7.4. 

V. To compare various parametric results such 

as Storey shear and column forces  and beam 

forces  for the different models considered 

II.LITERATURE REVIEW  

Dr. S.V. Itti1, Prof. AbhishekPathade2 and 

Ramesh B. Karadi3 et all,.(2006) This study focuses 

on the comparison of the Indian Code (IS) and 

International Building Codes (IBC) in relation to the 

seismic design and analysis of Ordinary RC moment 

resisting frame (OMRF), Intermediate RC moment-

resisting frame (IMRF) and Special RC moment-

resting frame (SMRF). The analytical results of the 

model buildings are then compared and analyzed 

taking note of any significant differences. This study 

explores variations in the results obtained using the 

two codes, particularly design base shear, lateral 

loads, drifts and area of steel for structural members 

for all RC buildings in both the codes. The discussion 

in this study will be confined to monolithically cast 

reinforced concrete buildings. Specific provisions for 

design of seismic resistant reinforced members are 

presented in detail. Provisions of Indian and 

International Buildings Codes are identified. Target 

deflection of the building is achieved at a lower 

lateral force in SMRF IBC i.e, the concept of lesser 

force and more deflection is followed. However in 

OMRF, IMRF and SMRF of Indian Code lateral 

force applied in higher as a result the deflection on 

the top of the building exceeds the target deflection.  

F. Zareian1, D. G. Lignos2 and H. Krawinkler3  et 

all,. (2010) This paper summarizes a study focused 

on evaluating the design modification factors (i.e., R, 

Cd, Ω) for Steel Special Moment-resisting Frames 

(SSMFs) by application of the FEMA P695  

methodology. In this study, archetype design that 

comprise 3-bay special SMFs that serve as lateral 

load resisting system of steel buildings ranging from 

1 to 20 stories are designed using ASCE 7-05 and 

AISC 341-05design provisions. Nonlinear models are 

developed using latest advances in structural 

component modeling. Parameters for these models 

are extracted from a steel component database for 

modeling of component deterioration. The numerical 

models are analyzed to predict the collapse capacities 

of each design, and the adjusted collapse margin 

ratios (ACMR) are evaluated and compared to 

acceptance criteria.  

III.METHODOLOGY 

Building frame with the following geometrical types 

are considered for analysis in  seismic zone (Zone V) 

for seismic and gravity loading in each case. And 

also the terrain category (terrain category 3 are also 

studied on the each case. 

 PUSH OVER ANALYSIS 

CASE-1: G+17building frame without bracing 

system (Bare Frame).  

CASE-2: G+17 building frame with X bracing 

system.  

CASE-3: G+17 building frame with V bracing 

system. 

 EQUVALENT STATIC ANALYSIS 

CASE-1: G+17building frame without bracing 

system (Bare Frame).  

CASE-2: G+17 building frame with X bracing 

system.  
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CASE-3: G+17 building frame with V bracing 

system. 

Push over analysis: 

Pushover analysis is an approximate analysis method 

in which the structure is subjected to monotonically 

increasing lateral forces with an invariant height-wise 

distribution until a target displacement is reached. 

Pushover analysis consists of a series of sequential 

elastic analysis, superimposed to approximate a 

force-displacement curve of the overall structure. A 

two or three dimensional model which includes 

bilinear or trilinear load-deformation diagrams of all 

lateral force resisting elements is first created and 

gravity loads are applied initially. A predefined 

lateral load pattern which is distributed along the 

building height is then applied. The lateral forces are 

increased until some members yield. The structural 

model is modified to account for the reduced stiffness 

of yielded members and lateral forces are again 

increased until additional members yield. The process 

is continued until a control displacement at the top of 

building reaches a certain level of deformation or 

structure becomes unstable. 

Pushover is a static-nonlinear analysis method where 

a structure is subjected to gravity loading and a 

monotonic displacement-controlled lateral load 

pattern which continuously increases through elastic 

and inelastic behavior until an ultimate condition is 

reached. Lateral load may represent the range of base 

shear induced by earthquake loading, and its 

configuration may be proportional to the distribution 

of mass along building height, mode shapes, or 

another practical means. 

Output generates a static-pushover curve which plots 

a strength-based parameter against deflection. For 

example, performance may relate the strength level 

achieved in certain members to the lateral 

displacement at the top of the structure, or bending 

moment may be plotted against plastic rotation. 

Results provide insight into the ductile capacity of 

the structural system, and indicate the mechanism, 

load level, and deflection at which failure occurs. 

When analyzing frame objects, material nonlinearity 

is assigned to discrete hinge locations where plastic 

rotation occurs according to FEMA-356 or another 

set of code-based or user-defined criteria. Strength 

drop, displacement control, and all other nonlinear 

software features, including link assignment, P-

Delta effect, and staged construction, are available 

during static-pushover analysis. 

EQUVALENT STATIC ANALYSIS 

Equivalent Static Analysis: 

This approach defines a series of forces acting on 

building to represent the effect of earthquake ground 

motion, typically defined by a seismic design 

response spectrum. It assumes that the building 

responds in its fundamental mode. For this to be true, 

the building must be low-rise and must not twist 

significantly when the ground moves. The response is 

read from a design response spectrum, given the 

natural frequency of the building (either calculated or 

defined by the building code). The applicability of 

this method is extended in many building codes by 

applying factors to account for higher buildings with 

some higher modes, and for low levels of twisting. 

To account for effects due to “yielding” of the 

structure, many codes apply modification factors that 

reduce the design forces (e.g., force reduction 

factors). 

The seismic design of buildings fallows the dynamic 

nature of the load. But equivalent static analysis 

would become sufficient for simpler, regular in plan 

configuration and it will give more efficient results. 

This analysis will flow in a manner with the 

calculation of design base shear and its distribution to 

all storey’s by using the formula given in the code 

PROBLEM OF STATEMENT 

In building plan was taken in seismic zone V for 

seismic analysis of the building (G+17) with braced 

building and unbraced building (general building). 

The basic specifications of the building are:  

Beam Size      

   = ISMB300 

Column size      

   = ISMB600 

Bracings                     

= ISMB125(BOTH  V,X BRACINGS) 

 Storey Height             

= 3.0 mts 
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Bottom storey                   

= 3.5 mts 

Column spacing                   

= 5 mts 

Materials used                   

= M25 & Fe415; 

Depth of slab                               

= 150 mm 

Unit weight of concrete                 

= 25 kN/m3 

Code Books used     

                                                            =IS1893:2002,  

 

1. BARE FRAME 

 

2. V BARCED FRAME BUILDING 

 

3. X BARCED FRAME BUILDING 

 

IV. RESULTS AND ANALYSIS 

PUSH OVER ANALYSIS  

STORY DRIFT IN X DIRECTION  

  

 
 

STORY DRIFT IN Y DIRECTION 

  

 
 

LATERAL FORCES (P) 

  

 
SHEAR FORCE IN X DIRECTION 
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SHEAR FORCE IN Y DIRECTION 

        

 

BUILDING TORSION 

  

 

BENDING MOMENT IN X DIRECTION 
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BENDING MOMENT IN Y DIRECTION  

  

 

B.EQUVALENT STATIC ANALYSIS 

STORY DRIFT IN X DIRECTION  

  

  

 

STORY DRIFT IN Y DIRECTION 

  

 

LATERAL FORCES (P) 
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SHEAR FORCE IN X DIRECTION 

  

 

SHEAR FORCE IN Y DIRECTION 

  

 

BUILDING TORSION 

  

 

BENDING MOMENT IN X DIRECTION 
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BENDING MOMENT IN Y DIRECTION  

  

 

V.CONCLUSIONS 

 The pushover analysis is relatively simple way 

to explore the non-linear behavior of buildings 

and it is an elegant tool to visualize the 

performance level of a building under a given 

earthquake. 

 The Drift values  in the V braced building 

shows  very less storey drifts  due to 

arrangements of the  V braces in the buildings . 

 The shear force in the industrial steel structure   

due to arrangement of the bracings , the braced 

building of V braced system shows very less 

values when compared to the other building 

systems.     

 The bending  moments  of the steel structure 

shows the very high moments and the least 

moments are observed in V braced building due 

to its  arrangement  in the buildings.  

 The  overturning moments of the buildings  

observed to more in the steel building and X 

braced building systems , the least values are 

observed in the V braced systems. 

Considering all the above results the V braced 

building systems shows the best results and next to 

the that is X braced  building systems. 

 The Drift values in the Equivalent static 

analysis  the  steel  buildings  also shows very 

high displacements when compared to the other 

building systems , the V braced building 

systems are best suitable structures.  

 The shear values in the Equivalent static 

analysis  the  V braced building systems shows 

that the  less shear values compared to the other 

building systems. 

 The bending in the Equivalent static analysis  

the  V braced building systems shows that the  

less  Bending  values compared to the other 

building systems. due to the arrangements 

bracings in  the buildings . 

 The overturning moments in the equivalent 

static analysis  results shows that the less 

overturning moments   in V braced building 

systems  when compared to the other steel and 

X braced structures.   

 

Comparing the above results the V braced steel 

Building is best suited structure according to the 

Pushover analysis. And the X braced building is the 

Best structure according to the equivalent static 

analysis. 

SCOPE OF THE FUTURE WORK: 

 By using bracings in the structures, the 

displacement of the structure greatly 

reduced can be changed or altered. Hence 

the further study can be done by examining 

the behavior of the storey building due to 

wind load forces and Time history analysis.   

 We can also study on the behavior of 

Bending Moment, shear Force etc.  

  We can study other types of bracings in 

different Zones for the different soil type 

conditions.  

 We can study for the different sections in 

tall structures and compare with and without 

bracings. 
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