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Abstract— This paper is a study about the selected frame 

models of various configurations are analyzed using pushover 

analysis. The seismic performance of a multi-storey steel 

frame building is designed according to the provisions of the 

current Indian code (IS 800-2007). Shear capacity of the 

structure can be increased by introducing steel bracings in the 

structural systems. Bracings can be used as retrofit as well. 

There are “n” numbers of possibilities to arrange steel 

bracings such as X, K and V type eccentric bracings with 

different numbers of storey’s. A typical 3, 6, 9 & 12 storey 

steel frame building is designed for various types of eccentric 

bracings as per the IS 800-2007. X, K and V are the different 

types of eccentric bracings considered for the present study. 

Performance of each frame is studied through nonlinear static 

analysis. Fundamental period of the building frames and 

corresponding mode shapes are calculated. Pushover curves 

and behavior factors for the different eccentric steel frames 

are compared to find the relative performances of various 

frames considered. I have done this work.    
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I. INTRODUCTION 

During the last few last decades Steel structures have started 

playing an important role in the construction industry. It is 

necessary to design a structure to perform well under seismic 

loads. Due to economic and architectural constraints, 

engineers are compelled to design structural systems which 

are cost effective and good-looking while adequately safe and 

strong to satisfy inhabitants who will live and work in them. 

Scare resources of materials, man & machine power and time, 

especially in active seismicity areas; mandate the basic 

objective of structural design as to provide buildings with an 

ability to withstand strong ground shaking without collapse, 

but potentially with some significant structural damage. At 

the present time structural design philosophy residing in 

codes, emphasizes that absolute safety and no damage, even 

in an earthquake with a reasonable probability of occurrence, 

cannot be achieved. However, letting some structural and 

non-structural damage, a high level of life safety can be 

economically achieved in structures by allowing inelastic 

energy dissipation. As a result of this design philosophy, the 

design lateral strength prescribed in seismic codes is lower, 

and in some cases much lower, than the lateral strength 

required to maintain the structure in the elastic range.  

Concentrically braced steel frames are generally 

used in designs because they provide sufficient hardness but 

on the other hand the architecture problems as well as their 

low capability of absorbing and dissipating energy and their 

buckling to pressure are the disadvantages of these bracing 

systems. These disadvantages can be overcome by using the 

eccentrically braced steel frames. There are “n” numbers of 

possibilities are there to arrange Steel bracings. Such as X, K, 

and V type eccentric bracings. Design of such structure 

should have good ductility property to perform well under 

seismic loads. To estimate ductility and other properties for 

each eccentric bracing Push over analysis is performed. 

Simple computer-based push-over analysis is a 

technique for performance-based design of building 

frameworks subject to earthquake loading. The present study 

develops a push-over analysis for different eccentric steel 

frames designed according to IS-800 (2007) and ductility 

behavior of each frame. 

II. RAW MATERIALS 

A. Eccentrically Braced Frames 

An eccentrically braced frame (EBF) is a type of steel framing 

system including beams, columns and braces, where these 

members are arranged in a manner where at least one end of 

each brace is connected to isolate a segment of the beam 

called a link. EBFs are typically used as a lateral force 

resisting system for earthquake loading. The design intent for 

a seismic resistant EBF is to provide high ductility under 

earthquake loading by yielding of the link. An overview of 

EBF behaviour and previous research is available in Popov 

and Engelhardt (1988). Design requirements for seismic 

resistant EBFs in the US are specified by the AISC Seismic 

Provisions for Structural Steel Buildings (AISC 2005). 

The study in this thesis is based on nonlinear 

analysis of steel frames with eccentric bracings models. 

Different storeys of frames are selected such as X, K and V 

frames by keeping total weight of building is same. 

In the present study, beams and columns were 

modeled with inelastic flexural deformations using the 

software SAP2000.A simple computer-based push-over 

analysis is a technique for performance-based design of 

building frameworks subject to earthquake loading. Push 

over analysis attains much importance in the past decades due 

to its simplicity and the effectiveness of the results. The 

present study develops a push-over analysis for different 

eccentric steel frames designed according to IS-800 (2007) 

and ductility behavior of each frame. 

III. METHODOLOGY 

A. Push over Analysis and Behaviour Factors 

The use of the nonlinear static analysis (pushover analysis) 

came in to practice in 1970’s but the potential of the pushover 

analysis has been recognized for last two decades years. This 

procedure is mainly used to estimate the strength and drift 

capacity of existing structure and the seismic demand for this 

structure subjected to selected earthquake. This procedure 

can be used for checking the adequacy of new structural 

design as well. The effectiveness of pushover analysis and its 
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computational simplicity brought this procedure in to several 

seismic guidelines (ATC 40 and FEMA 356) and design 

codes (Euro code 8 and PCM 3274) in last few years. 

Pushover analysis can be performed as either force-

controlled or displacement controlled depending on the 

physical nature of the load and the behavior expected from 

the structure. Force-controlled option is useful when the load 

is known (such as gravity loading) and the structure is 

expected to be able to support the load. Displacement 

controlled procedure should be used when specified drifts are 

sought (such as in seismic 2 1 loading), where the magnitude 

of the applied load is not known in advance, or where the 

structure can be expected to lose strength or become unstable. 

Some computer programs (e.g. Seismostruct, 

DRAIN-2DX, nonlinear version of SAP2000, ANSYS) can 

model nonlinear behavior and perform pushover analysis 

directly to obtain capacity curve for two and/or three 

dimensional models of the structure. When such programs are 

not available or the available computer programs could not 

perform pushover analysis directly (e.g. ETABS, RISA, 

SAP90), a series of sequential elastic analyses are performed 

and superimposed to determine a force displacement curve of 

the overall structure. A displacement-controlled pushover 

analysis is basically composed of the following steps: 

1) A two or three dimensional model that represents the 

overall structural behavior is created. 

2) Bilinear or tri-linear load-deformation diagrams of all 

important members that affect lateral response are 

defined. 

3) Gravity loads composed of dead loads and a specified 

portion of live loads are applied to the structural model 

initially. 

4) A pre -defined lateral load pattern which is distributed 

along the building height is then applied. 

5) Lateral loads are increased until some member(s) yield 

under the combined effects of gravity and lateral loads. 

6) Base shear and roof displacement are recorded at first 

yielding. 

7) The structural model is modified to account for the 

reduced stiffness of yielded member(s). 

8) Gravity loads are removed and a new lateral load 

increment is applied to the modified structural model 

such that additional member(s) yield. Note that a separate 

analysis with zero initial conditions is performed on 

modified structural model under each incremental lateral 

load. Thus, member forces at the end of an incremental 

lateral load analysis are obtained by adding the forces 

from the current analysis to the sum of those from the 

previous increments. In other words, the results of each 

incremental lateral load analysis are superimposed. 

9) Similarly, the lateral load increment and the roof 

displacement increment are added to the corresponding 

previous total values to obtain the accumulated values of 

the base shear and the roof displacement. 

10) Steps 7, 8 and 9 are repeated until the roof displacement 

reaches a certain level of deformation or the structure 

becomes unstable. 

11) The roof displacement is plotted with the base shear to 

get the global capacity(pushover) curve of the structure. 

 

  

B. Limitations of Pushover Analysis 

Although pushover analysis has advantages over elastic 

analysis procedures, underlying assumptions, pushover 

predictions are accuracy and limitations of current pushover 

procedures must be identified. Selection of lateral load 

patterns and identification of failure mechanisms for estimate 

of target displacement due to higher modes of vibration are 

important issues that affect the accuracy of pushover results. 

In a design earthquake target displacement are global 

displacement are expected. The mass center of roof 

displacement structure is used as target displacement. The 

estimation of target displacement accurate associated with 

specific performance objective affect the accuracy of seismic 

demand predictions of pushover analysis. Target 

displacement is the global displacement expected in a design 

earthquake. The estimate of target displacement, 

identification of failure mechanisms due to higher modes of 

vibration are important issues that affect, selection of lateral 

load patterns the accuracy of pushover results. 

IV. EXPERIMENT ON SAP2000 

The buildings are assumed to be symmetric in plan, and hence 

a single plane frame may be considered to be representative 

of the building along one direction. Typical bay width and 

column height in this study are selected as 6m and 3m 

respectively. The building frame with X, K and V type 

eccentric bracing of eccentricity 1m is considered in this 

study is assumed to be located in Indian seismic zone V with 

medium soil conditions. Seismic loads are estimated as per IS 

1893 (2002) and the design of the steel elements are carried 

out as per IS 800 (2007) standards. The characteristic strength 

of steel is considered 415MPa. The dead load of the slab, 

including floor finishes, is taken as 2.5 kN/m2and live load 

as 3 kN/m2. The sap 2000 software is utilized to create2D 

model and carry out the Pushover analysis. The buildings are 

modelled as a series of stories of 3, 6 and 9 with same bay 

width and storey height having different bracing 

arrangement, section details of all buildings. 

A. Pushover Curve 

The pushover curves for all the steel frames with X, K, V type 

of braced steel frames are shown in following curves. 

 
Fig. 1: The comparison of X3,K3 And V3 
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Fig. 2: The comparison of X6,K6 And V6. 

B. For X K and V Type Braced Frames 

The type of curve is more close to an elastic plastic type. The 

initial slopes of the pushover curves are marginally same. The 

base over strength factor of X3,K3, V3 type braced steel 

frame is marginally more than that of other frames. It is 

observed that ductility is more for X6 frames among the X 

family type braced steel frames. 

V. CONCLUSION 

Following are the major conclusions obtained from the 

present study. 

 Modal analysis of a 2D steel frame models reveals that, 

there is huge difference between Computational Time 

periods and IS code Time period. 

 Ductility of a moment-resisting steel frame is to some 

extent affected by its height. When bracing systems are 

included, the height dependency of ductility is greatly 

magnified. 

 Shorter Steel-braced dual systems exhibit higher 

ductility and therefore higher R factors. 

 For X type braced frames X3 has higher response 

reduction factor& overstrength factor. 

 For K type braced frames K3 has higher response 

reduction factor & overstrength factor. 

 For V type braced frames V3 has higher response 

reduction factor & overstrength factor. 

 The response reduction factor of V type braced steel 

frame is marginally more than that of other frames. 

So, It can be concluded that with increasing the 

frame height, the response modification factor of 

consequence of ductility decreases. Computational time 

period for braced steel frames is lesser than design time 

period, it shows that braces increases the stiffness of steel 

frames. 

Considering the range of ductility capacities shown 

by different systems discussed, it is found that the bracing 

arrangement in X, K and V family, V type frames are found 

to be performing better compared to that of others. 
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