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ABSTRACT 
In last decades steel structures has played an important role in construction industry. Providing strength, stability 

and ductility are major purposes of seismic design. It is necessary to design a structure to perform well under 

seismic loads. Steel braced frame is one of the structural systems used to resist earthquake loads in structures. 

Steel bracing is economical, easy to erect, occupies less space and has flexibility to design for meeting the 

required strength and stiffness. Bracing can be used as retrofit as well. There are various types of steel bracings 

such as Diagonal, X, K, V, inverted V type or chevron and global type concentric bracings. In the present study, 

it was shown that modelling of the G+4 steel bare frame with various bracings (X, V, inverted V, and Knee 

bracing) by computer software SAP2000 and pushover analysis results are obtained. Comparison between the 

seismic parameters such as base shear, roof displacement, time period, storey drift, performance point for steel 

bare frame with different bracing patterns are studied. It is found that the X type of steel bracings significantly 

contributes to the structural stiffness and reduces the maximum interstate drift of steel building than other 

bracing systems. 

Keywords - Strength, Ductility, seismic loads, steel bracing, SAP2000, pushover analysis, storey drift, 

Performance point. 

 

I. INTRODUCTION 
Structures designed to resist moderate and 

frequently occurring earthquakes must have 

sufficient stiffness and strength to control deflection 

and to prevent damage. However, it is inappropriate 

to design a structure to remain elastic under severe 

earthquake because of economic constraints. The 

inherent damping of yielding structural elements can 

be advantageously utilized to lower the strength 

requirements, leading to a more economical design. 

This yielding provides ductility or toughness of 

structure against sudden brittle type structural 

failure. In steel structures, the moment resisting and 

concentrically braced frames have been widely used 

to resist earthquake loadings. The moment resisting 

frame possesses good ductility through flexural 

yielding of beam element but it has limited stiffness. 

It is necessary to design a structure to perform well 

under seismic loads. Shear capacity of the structure 

can be increased by introducing steel bracings in the 

structural systems. Bracing can be used as retrofit as 

well. There are n number of possibilities are there to 

arrange steel bracings. Such as X, K and V type 

Eccentric bracings. The present study develops a 

Pushover Analysis for Knee bracing steel frames 

designed according to IS 800 – 2007 and ductility 

behavior of each frame. 

 

1.1  RECENT  RESEARCH WORK    

Krishnaraj R.Chavan et.al (2014) studied 

the seismic analysis of reinforced concrete (RC) 

buildings with different types of bracing (Diagonal, 

V type, Inverted V type, X type). The bracing is 

provided for peripheral columns. A seven-storey 

(G+6) building is situated at seismic zone III. The 

building models are analyze by equivalent static 

analysis as per IS 1893:2002 using Staad Pro V8i 

software. The main parameters consider in this paper 

to compare the seismic analysis of buildings are 

lateral displacement, storey drift, axial force, base 

shear. It is found that the X type of steel bracing 

significantly contributes to the structural stiffness 

and reduces the maximum inter storey drift of R.C.C 

building than other bracing system. The lateral 

displacement of the building is reduced by 50% to 

56 % by the use of X Type steel bracing system, and 

X bracing type reduced maximum displacement. The 

steel braced building of base shear increase 

compared to without steel bracing which indicates 

that stiffness of building is increases. 

M.G. Kalibhat et.al (2014) focused on the 

effect of a provision of concentric bracings on the 

seismic performance of the steel frames. In this 

paper study of two different types of concentric 

bracings (X and inverted V- type bracing) have been 

considered for the different storey levels. ETABS, 

Finite Element software has been used and the 

comparison between the performances of 1- bay X 
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and inverted–V type and un-braced frames is made 

using pushover curves. Seismic performances of the 

frames are carried out the parameters such as Base 

shear, roof displacement and the number of hinges 

formed. Steel bracings can be used to strengthen or 

to retrofit the existing structure. The provision of 

bracing enhances the bases hear carrying capacity of 

frames and reduces roof displacement undergone by 

the structures. The lateral storey displacements of 

the building are reduced by the use of inverted-V 

bracing in comparison to the X bracing system. 

M.I. Khan et. al (2014) in this paper 

nonlinear push over analysis is carried out for high 

rise steel frame building with different pattern of 

bracing system. The shear capacity of the structure 

can be increased by introducing Steel bracings in the 

structural system. A typical 15th- story regular steel 

frame building is designed for various types of 

concentric bracings like Diagonal, V, X, and 

Exterior X and Performance of each frame is carried 

out through nonlinear static analysis. Three types of 

sections i.e. ISMB, ISMC and ISA sections are used 

to compare for same patterns of bracing. ISMC 

Sections reduces more displacement compare to 

angel and beam section for similar type of brace. It 

is shown that bracings have increased level of 

performance both in terms of base shear carrying 

capacity and roof displacement. ISMB Sections 

gives more stiffness compare to angel and channel 

sections for similar type of brace. 

S.N.Tande et.al (2014) this paper provides 

an introduction and overview of the design and 

behaviour of seismic-resistant eccentrically braced 

frames (EBFs). EBF‗s have become a widely 

recognized lateral load resisting system for steel 

building in areas of high seismicity. In general, 

braces are the members that resist against lateral 

forces in a steel structure while the structures are 

under seismic excitation. In this paper six frames 

were exerted which were braced with three different 

eccentric braces (V, Inverted-V and Diagonal) in 

two different heights (4 and 8 storey). Then the 

frames were assessed by nonlinear static (pushover) 

analysis mainly based on FEMA 440. As a result of 

these frame analysis, it can be observed that the 

plastic hinges firstly occur at the fuse section of 

braces and then at the compressive members of the 

eccentric braces. The primary purpose of this paper 

is to present the best suitable bracing system up to 8 

storey level in performance point of view and also 

economy point of view. 

Vaseem Inamdar et.al (2014) investigated 

pushover analysis of complex steel frame building 

by ETABS software. These investigations were 

based on stiffness and ductility. This paper compare 

the performance of structure by using ISMB and 

ISNB (hollow pipes) steel sections as bracing 

element on 15-storey complex steel frame. Base 

shear obtained from all models using ISNB bracing 

is lesser then ISMB sections. Stiffness of models 

increased by an amount of 71.5% using ISMB 

bracing and 68% using hollow pipes sections. 

Exterior Steel bracing has more margin of safety 

against collapse as compared to other models. 

Spectral displacement of exterior ISMB bracing at 

performance point is greatly (62%) increased. 

Kiran Kamath et.al (2015) studied the 

effect of different aspect ratios i.e. H/B ratio, where 

H is the total height of the building frame and B is 

the base width of the building frame, on the seismic 

performance of the steel frame structures. In the 

present study, seven different aspect ratios ranging 

from 1.0 to 3.75 have been considered for the ten 

storey steel frame building with concentric bracing 

i.e. X bracing and without bracing system. For this 

analytical study, ETABS is used and the comparison 

between the performances of bare frames with 

different aspect ratios is made using pushover 

curves. Roof displacement, base shear carried and 

performance point are the parameters used to 

identify the seismic performance of the frames. It is 

shown that provision of bracings to the frame 

structure increased the base shear carrying capacity, 

performance point and reduced the roof 

displacement for all types of aspect ratios 

considered. As aspect ratio increases, base shear 

carrying capacity decreases for both type of section 

considered in this paper. Steel frame with aspect 

ratio 1.0 and two bays X braced frame showed better 

performance. 

 

1.2 LIMITATIONS OF EXISTING STUDIES     

From the above literature study, it was 

concluded that the best form of knee brace is when 

the knee element and the diagonal brace parallel to 

the frame i.e. h/H = b/B. in this way the structure has 

its maximum seismic resistance [21]. In knee 

bracing frame the connection between beam-column 

& end of brace are pinned and knee-beam and knee 

column are rigid [24]. The literature study reveals 

that many experimental and analytical works have 

been done by many researchers in the area of the 

pushover analysis of RC frames and few works on 

steel frames with different type of bracing systems. 

However, not much work has been carried out on 

steel structures as per the provisions of IS 1893- 

2002. Hence it was decided to focus on the analysis 

of moment resisting bare frame with various types of 

bracings such as X, V type, inverted V type, and 

knee bracing systems using SAP 2000. 

 

II. PUSHOVER ANALYSIS 
2.1 Introduction 

Many methods were presented to apply the 

non-linear static pushover analysis to structures. 

These methods can be listed as 1) Capacity 
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Spectrum method (ATC 40) 2) Displacement 

Coefficient Method (FEMA 356) 3) Modal Pushover 

Analysis. Pushover analysis is a static, nonlinear 

procedure in which the magnitude of the structural 

loading is incrementally increased in accordance 

with a certain predefined pattern. Pushover analysis 

may be classified as displacement controlled 

pushover analysis when lateral displacement is 

imposed on the structure and its equilibrium 

determines the forces. Similarly, when lateral forces 

are imposed, the analysis is termed as force-

controlled pushover analysis. The target 

displacement or target force is intended to represent 

the maximum displacement or the maximum force 

likely to be experienced by the structure during the 

design earthquake. Response of structures beyond 

maximum strength can be determined only by 

displacement-controlled pushover analysis. 

 

2.2 Pushover analysis Procedure 

In the present study, displacement- 

controlled pushover method is used for analysis of 

structural steel frames with and without bracings. A 

displacement-controlled pushover analysis is 

basically composed of the following steps: 

1. A two or three dimensional model that represents 

the overall structural behaviour 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 members 

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 members. 

8. Gravity loads are removed and a new lateral load 

increment is applied to the modified structural model 

such that additional members 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 (Figure 2.1). 
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Fig. 2.1: (Pushover) Capacity Curve of the structure 

 

2.3 Key Elements in Performance Point: 

The key elements of performance based design 

procedure are: 

1. Demand 2. Capacity 3. Performance point 

2.3.1 Demand 

Demand is representation of earthquake 

ground motion. Ground motions during an 

earthquake produce complex horizontal 

displacement patterns in structures that may vary 

with time. For given structure and ground motion, 

the displacement demand is an estimate of the 

maximum expected response of the building during 

the ground motion. For nonlinear methods it is easier 

and more direct to use a set of lateral displacements 

as a design condition. It is represented by in the form 

of spectral acceleration (Sa) Vs. Time period (T). 

 

Spectral Acceleration

Sa

(m/s2) 

Time Period  (s)  
Fig.2.2: Demand Curve 

2.3.2 Capacity 

Capacity is representation of structural 

ability to resist the seismic demand. The overall 

capacity of structure depends on strength and 

deformation capacities of individual components of 

the structure. The capacity of structure is represented 

in the form of curve of base shear versus the roof 

displacement known as pushover capacity curve. 
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Roof Displacement (m)
 

Fig.2.3: Capacity Curve 

 

2.3.2 Performance Point 

Performance point can be obtained by 

superimposing capacity spectrum and demand 

spectrum and the intersection point of these two 

curves is performance point. 
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Fig. 2.4: Performance Point 

 

2.4Plastic Hinge Properties 

Comprehensive and complete information 

about plastic hinge properties of all of the structural 

segments are rendered by Federal Emergency 

Management agency in their Table that is fulfilled 

by engineers throughout the world. All the 

information relevant to this table is at disposal as 

default hinge properties in SAP2000 software. 

 

2.5 Column Hinge Properties 

In accordance with FEMA 356, occurrence 

of a plastic hinge in a column is as a result of the 

interaction amongst axial force (P), moment in the 

stronger (M2) and weaker (M3) direction of the 

section. Therefore, interaction of P-M2-M3 is 

exerted to illustrate plastic hinges at the two ends of 

the columns (beginning and ending positions) that 

are in fact considered as the junction points with the 

other structural elements (Table 5-6 of FEMA 356). 

 

 

 

2.6 Brace Hinge Properties 

Nonlinear behaviour of brace elements can 

be best modelled by assuming a hinge (being made 

under pure axial load) in the middle of the element. 

An axial load plastic hinge is modelled in the 0.5 

relative distances of all bracing elements as per 

Table 5-6 of FEMA 356 [Appendix] in this study. 

 

2.7 Beam Hinge Properties 

Considering the fact that the beam to 

column connections is rigid, two plastic hinges (one 

at the beginning and the other one at the end) will be 

obtained. But for the beams that are braced with 

eccentric braces, the plastic hinges will occur at the 

place of fuses. For these kinds of beams the M3 and 

V2 are taken into consideration. 

 

2.8 Element Description of SAP2000 

In SAP2000, a frame element is modelled 

as a line element having linearly elastic properties 

and nonlinear force-displacement characteristics of 

individual frame elements are modelled as hinges 

represented by a series of straight line segments. A 

generalized force-displacement characteristic of a 

non-degrading frame element (or hinge properties) 

in SAP2000 are: 

 

 
Fig.2.5: Force Vs Deformation Curve 

 

2.9 Acceptance Criteria 

Acceptance criteria for failure of steel 

components such as Beams, Bracing and Columns 

are as per the FEMA 356. 

 

III. STRUCTURAL MODELING & 

DESIGN 
3.1 Frame geometry 

Three bay 3 D five storied steel moment 

resisting frame is selected for analysis. The length 

and width of building is 9 m. height of typical storey 

is 3m. Building is symmetrical to X and Y axis. The 

non-structural element and components that do not 

significantly influence the building behaviour were 

not modelled. The joint between Beams and columns 

are rigid. The columns are assumed to be fixed at the 

ground level. Following are the Description of a 

building. 
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Table 3.1 Building Description 
Sr. No. Building Description 

1. Bay width 3m 

2. Floor to floor height 3m 

3. Total height of building 15m 

4. Assume thickness of slab 150 mm 

5. Grade of concrete M 20 

6. Grade of steel Fe 250 

7. Live load 3 KN/m2 

8. Zone V 

9. Zone factor 0.36 

10. Response reduction factor 5 

11. Importance factor 1.0 

12. Soil type II Medium 

13. Column details ISHB 250 

14. Beam details ISLB 200 

15. 
Bracing details  

ISMB 175 

 

3.2 Load and Load Combinations 

Earthquake loads shall be calculated as per 

IS 1893 (Part I), expect that the reduction factors are 

recommended in IS 1893 may be used. In the limit 

state design of frames resisting earthquake loads, the 

load combination shall conform to table no. 4 from 

IS 800: 2007. 

3.3 Structural Configuration 

Following two types of structural 

configurations is studied. 

1. G + 4 steel moment resisting bare framed 

structure 

2. G + 4 moment resisting steel bare frame with 

different bracing patterns such as X, V type, Inverted 

V type and Knee bracing frame. 

Following identical rolled steel sections are used for 

beams, columns and bracings. 

Beam: ISLB 200 

Column: ISHB 250 

Bracing: ISMB 175 

 

3.4 Different type of bracing pattern 

Same identical rolled steel sections are used 

for bare frame and other bracing patterns. Different 

type of bracing patterns such as X, V type, Inverted 

V type and Knee bracing frame are shown in fig.3.1 

 

Fig (a ) X - type bracing Fig (b ) V - type bracing

Fig (c ) Inverted V- type bracing Fig (d ) Knee bracing frame  
Fig.3.1: Diff. types of bracing configurations 

 

3.5 Preliminary Design of Building 

Both the equivalent lateral force and 

response spectrum analysis procedures lead directly 

to lateral forces in the direction of the ground motion 

component. The main differences between the two 

methods are in the magnitude and distribution of the 

lateral force over the height of building. The 

equilateral force method is mainly suited for 

preliminary design of the building. The preliminary 

design of the building is then used for spectrum 

analysis. Equivalent lateral force analysis and 

Response spectrum analysis is carried out by SAP 

2000. The equilateral force analysis and response 

spectrum analysis in X- direction and it is as follows. 
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Table 3.2 Base shear in X- direction by ESA and 

RSA for different models 

Type of 

Models 

Equivalent 

Lateral force 

Analysis in X 

– direction 

Response 

Spectrum 

Analysis in 

X- direction 

Base Shear 

(KN) 

Base Shear 

(KN) 

Bare Frame 195.635 87.5 

Frame with X-

Bracing 

231.498 267.271 

Frame with V 

bracing 

240.8 242.811 

Frame with 

Inverted V 

Bracing 

240.8 236.658 

Frame with 

Knee Bracing 

216.813 213.265 

 

Table 3.3 Base shear in Y- direction by ESA and RS 

for diff. models 

Type of Models 

Equivalent 

Lateral force 

Analysis in Y - 

direction 

Response 

Spectrum 

Analysis in Y– 

direction 

Base Shear (KN) Base Shear (KN) 

Bare Frame 193.635 73.91 

Frame with X-
Bracing 

234.498 284.247 

Frame with V 

bracing 

240.8 266.975 

Frame with 

Inverted V 

Bracing 

241.8 266.491 

Frame with Knee 
Bracing 

216.813 236.055 

 

The time period for diff. models in X- direction are 

shown in following table. 

 

Table 3.4 Time period in X- direction by ESA and 

RSA for diff. models 

Type of Models 

Equivalent 

Lateral force 

Analysis in X - 

direction 

Response 

Spectrum 

Analysis in X –

direction 

Time period (S) Time period (S) 

Bare Frame 0.637 1.15 

Frame with X-

Bracing 0.637 0.250 

Frame with V 

bracing 0.637 0.315 

Frame with 

Inverted V 

Bracing 0.637 0.304 

Frame with Knee 

Bracing 0.637 0.322 

 

The time period for diff. models in Y- direction are 

shown in following table. 

 

 

 

Table 3.5 Time period in Y- direction by ESA and 

RSA for diff. type of models 

Type of Models 

Equivalent 

Lateral force 

Analysis in Y - 

direction 

Response 

Spectrum 

Analysis in Y – 

direction 

Time period (S) Time period (S) 

Bare Frame 0.637 1.39 

Frame with X-

Bracing 
0.637 0.32 

Frame with V 

bracing 
0.637 0.376 

Frame with 
Inverted V 

Bracing 

0.637 0.361 

Frame with Knee 
Bracing 

0.637 0.37 

 

It is observed that the values of time period 

in X and Y- direction is Maximum by ESA. Also the 

time period of bare frame is more as compared to 

diff. types of models. Therefore, the base shear is 

compared according to clause 7.8.2 IS Code 1893 

(Part I): 2002. For pushover analysis, the values of 

base shear by Equivalent static analysis are 

considered. After this, pushover analysis of moment 

resisting steel bare frame with different bracing 

patterns such as X, V type, Inverted V type and 

Knee bracing frame is carried out by SAP 2000 

Version 14. 

 

IV. RESULTS & DISCUSSIONS 
4.1 Pushover Curves 

From the below graph, it is observed that 

the value of base shear for steel bare frame is less as 

compared to diff. types of bracing patterns ( such as 

X, V bracing, Inverted V type bracing, knee 

bracing). Also the roof displacement of diff. types of 

bracing patterns(such as X, V bracing, Inverted V 

type bracing, knee bracing) is less as compared to 

steel bare frame. 
 

 
Fig.4.1: Pushover Curve for bare frame with diff. 

types of bracing patterns 
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4.2 Inter Storey drifts in X- direction 

Following table shows the storey level, 

storey displacement and inter storey drift for steel 

bare frame and different types of bracing patterns 

such as X, V bracing, Inverted V type bracing, knee 

bracing in X- direction by RSA as shown in Table 

4.1. 

 

4.3Inter Storey drifts in Y- direction 

Following table shows the storey level, 

storey displacement and inter storey drift for steel 

bare frame and different types of bracing patterns 

such as X, V bracing, Inverted V type bracing, knee 

bracing in Y- direction by RSA as shown in Table 

4.2. 

 

4.4 Performance point 

Following table shows the values of 

performance point for steel bare frame with different 

types of bracing patterns such as X, V bracing, 

Inverted V type bracing, knee bracing as shown in 

table 4.3. 

 

Table 4.1 Inter storey drift ratio in X- direction 
Stor

ey 

level 

Bar

e 

fra

me 

Fram

e with 

X 

braci

ng 

Fra

me 

with 

V 

braci

ng 

Fram

e with 

invert

ed V 

braci

ng 

Fra

me 

with 

knee 

braci

ng 

IS 

1893

:200

2 

6 0.00

14 

0.000

066 

0.000

1 

0.000

066 

0.000

1 

0.004 

5 0.00

22 

0.000

1 

0.000

13 

0.000

1 

0.000

1 

0.004 

4 0.00

29 

0.000

1 

0.000

16 

0.000

13 

0.000

16 

0.004 

3 0.00

34 

0.000

066 

0.000

13 

0.000

13 

0.000

16 

0.004 

2 0.00

29 

0.000

1 

0.000

2 

0.000

13 

0.000

16 

0.004 

1 0.00
05 

0.000
26 

0.000
23 

0.000
23 

0.000
2 

0.004 

0 0 0 0 0 0 0.004 

 

Table 4.2 Inter- Storey drift ratio in Y - direction 
Stor

ey 

level 

Bare 

fram

e 

Fram

e 

with 

X 

braci

ng 

Fram

e 

with 

V 

braci

ng 

frame 

with 

invert

ed V 

braci

ng 

Fram

e 

with 

knee 

braci

ng 

IS 

1893:

2002 

6 0.001
63 

6.67× 
10-05 

0.000
1 

0.0001 0.000
1 

0.004 

5 0.002

96 

0.000

1 

0.000

13 

0.0001

3 

0.000

13 

0.004 

4 0.004
16 

6.67× 
10-05 

0.000
16 

0.0001
6 

0.000
16 

0.004 

3 0.005

06 

0.000

1 

0.000

16 

0.0001

6 

0.000

16 

0.004 

2 0.005

1 

0.000

1 

0.000

16 

0.0001

6 

0.000

2 

0.004 

1 0.000

86 

0.000

66 

0.000

63 

0.0006

3 

0.000

5 

0.004 

0 0 0 0 0 0 0.004 

 

Table 4.3 Performance point for steel bare frame 

with diff. bracing patterns 
Sr. No Type of 

model 

V D Sa Sd 

1) Bare frame 524.64
5 

0.130 0.282 0.101 

2) Frame with 

X bracing 

2137.4

9 

0.020 0.799 0.015 

3) Frame with 
V bracing 

1831.0
2 

0.027 0.736 0.023 

4) Inverted V 

bracing 

1701.0

5 

0.023 0.699 0.021 

5) Knee 
bracing 

2031.3
1 

0.028 0.829 0.023 

 

The graphs are plotted according to table 4.1, 4.2 

and 4.3 are as follows. 

 
Fig.4.2: Inter storey drift ratio for steel bare frame 

with diff. bracing patterns in X- direction 

 

From the fig. 4.2, it is observed that inter 

storey drift ratio in X direction for bare frame is 

nearer to the 0.004 i.e. specified by the IS 1893 

:2002 and Diff. types of bracing patterns such as X, 

V, Inverted V and Knee bracing are within IS Code 

limit. 

 

 
Fig.4.3: Inter storey drift ratio for steel bare 

frame with diff. bracing patterns in Y- direction 
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From the fig. 4.3, it is observed that inter storey drift 

ratio in Y direction for bare frame beyond the IS 

Code limit i.e. 0.0051 and Diff. types of bracing 

patterns such as X, V ,Inverted V and Knee bracing 

are within IS Code limit. 

 

 
Fig.4.4: Performance point for steel bare frame with 

diff. bracing patterns 

 

V. CONCLUSIONS 

The effects of bracing on seismic behavior 

of five models of G + 4 steel structures with 

different bracing arrangements were investigated. 

The results yield the following conclusions. 

1. Storey drift ratio of the bare frame in X-direction 

is close to the permissible drift ratio as per 

I.S.1893:2002 hence, the different bracing systems 

have a significant effect on the reduction of the 

global lateral displacement. Here, X-bracing has 

shown effective results than K-bracing. 

 

2. Storey drift ratio of the bare frame in Y-direction 

has to the permissible drift ratio for storey second, 

third and fourth as per I.S.1893:2002 hence, the 

different bracing systems have a significant effect on 

the reduction of the global lateral displacement. 

Here, X-bracing has shown effective results than K-

bracing. 

 

3. There is 1.19, 1.24, 1.24 and 1.14 times increase 

in base shear and 4.7, 3.74, 3.92 and 3.70 times 

decrease in time period in case of X-bracing, V-

bracing, inverted V-bracing and K-bracing as 

compared to bare frame. V- Bracing increases base 

shear as compared to other bracing systems. X 

Bracing reduces time period as compared to other 

bracing systems. Hence, V bracing is more effective 

than the other bracing system as the percentage 

increase in base shear is more. 

 

4. After studying the performance of the structure as 

shown in figure 5.4 the steel frame with K bracing 

system shows increase in the overall capacity of the 

structure as compared to the other bracing systems, 

though the structure doesn‗t show the effective 

results in increase of base shear and reduction of 

time period. 

 

REFERENCES 
[1] Keith D. Hjelmstad, Egor P. Popov, 

(1984),―Characteristics of Eccentrically 

Braced Frames,‖ J. Struct. Eng., pp 340-

353. 

[2] Aristizabal-Ochoa J. D.,(1986), 

―Disposable knee bracing: Improvement in 

seismic design of steel frames,‖ Journal of 

Structural Engineering, ASCE, 112(7), pp 

1544-1552. 

[3] Balendra T., Sam M.T. and Liaw 

C.Y.,(1991), ―Design of earthquake 

resistant steel frame with knee bracing,‖ 

Journal of construction steel research 18 

(3), pp 193-208. 

[4] Ming-TuckSam,Chih-Young Liaw, 

T.Balendra,(1995),―Earthquake-resistant 

steel frames with energy dissipating knee 

element,‖ Engineering Structures, Vol. 17, 

No. 5, pp 334-343. 

[5] T.Balendra, E.L.Lim,(1997),―Large-Scale 

Seismic Testing Of Knee-Brace-Frame‖ J. 

Struct. Eng. pp 11-19. 

[6] A.KChopra.,Goel,R.K.,(1999),―Capacity 

Demand Diagram Methods for Estimating 

Deformation of Inelastic Structures: SDF 

Systems,‖ Pacific Earthquake Research 

Centre, University of California, Berkley. 

[7] Charles W. Roeder, (2002),―Connection 

Performance for Seismic Design of Steel 

Moment Frames,‖ J. Struct. Eng.pp 517-

525. 

[8] Williams M. S, Clement 

D.,(2002),―Seismic behavior of knee braced 

frames,‖ proceedings of the institution of 

Civil Engineers, Structures and 

Buildings,152(2), pp 147-155. 

 

[9] Luciana R. Barroso,Scott E. Breneman,H. 

Allison Smith, (2002),―Performance 

Evaluation of Controlled Steel Frames 

under Multilevel Seismic Loade‖J. Struct. 

Eng. pp 1368-1378. 



Pravin S. Kamble.et al Int. Journal of Engineering Research and Application                www.ijera.com 

ISSN: 2248-9622, Vol. 6, Issue 5, (Part - 4) May 2016, pp.13-22 

 www.ijera.com                                                                                                                               21 | P a g e  

[10] Seung-Yul Yun, Ronald O. Hamburger, 

Allin Cornell, (2002), ―Seismic 

Performance Evaluation for Steel Moment 

Frames‖ J. Struct. Eng.pp 534-545. 

[11] Jinkoo Kim, Youngill Seo,(2003),―Seismic 

design of steel structures with buckling 

restrained knee braces,‖ Journal of 

Constructional Steel Research 59 pp 1477–

1497. 

[12] Mahmoud R.Maheri, R. 

Akbari,(2003),―Seismic behavior factor, R, 

for steel X-braced and knee-braced RC 

buildings‖ Engineering Structures 25, 

pp1505–1513. 

[13] Kihak lee,Douglas A. Foutch, 

(2004),―Performance Evaluation of 

Damaged Steel Frame Buildings Subjected 

to Seismic Loads,‖ J. Struct. Eng. pp 588-

599. 

[14] HUANG Zhen, LI Qing-song, CHEN 

Long-zhu, (2005), ―Elastoplastic analysis of 

knee bracing frame,‖ Journal of Zhejiang 

University Science. 

[15] Mehrdad Lotfollahi, Massood Mofid, 

(2006),―On the design of new ductile knee 

bracing, Journal of Constructional Steel 

Research 62, pp 282–294. 

[16] Mahmoud Miri, Abdolreza Zare, Hossein 

Abbas zadeh,(2009),―Seismic behavior of 

steel frames investigation with knee brace 

based on pushover analysis,‖ World 

Academy of Science, Engineering and 

Technology 50. 

[17] Mina Naeemi, Majid 

Bozorg,(2009),―Seismic performance of 

knee braced frame,‖ World Academy of 

Science, Engineering and Technology 50. 

[18] Mussa Mahmoudi, Mahdi 

Zaree,(2010),―Evaluating response 

modification factors of concentrically 

braced steel frames,‖ Journal of 

Constructional Steel Research 66, pp 1196-

1204. 

[19] Sutat Leelataviwat, Bunyarit Suksan; Jarun 

Srechai, (2011),―Seismic Design and 

Behavior of Ductile Knee-Braced Moment 

Frames‖ J. Struct. Eng., pp 579-588. 

[20] K.K Sangle, K.M.Bajoria and 

V.Mhalungkar., (2012) ―Seismic Analysis 

Of High Rise Steel Frame Building With 

And Without Bracing‖ 15WCEE, LISBOA. 

[21] Mohammad Eyni Kangavar, (2012), 

―Seismic Propensity of Knee Braced Frame 

(KBF) As Weighed Against Concentric 

Braced Frame (CBF) Utilizing ETABS and 

OPENSEES‖ International Journal of 

Engineering and Advanced 

Technology,Volume-5. 

[22] M. Shokouhian , R Sadeghi, T 

Ozbakkaloglu,(2012),―The buckling 

behavior of knee braced frame,‖ Journal of 

Adelaide University. 

[23] M.D.Kevadkar, P.B. Kodag, (2013), 

―Lateral Load Analysis of R.C.C. Building‖ 

International Journal of Modern 

Engineering ResearchVol.3, Issue.3, pp-

1428-1434. 

[24] R.S. Londhe and M.F.Baig, (2013), ―Non 

Linear Static Analysis Of Knee Bracing In 

Steel Frame Structures‖ Journal of 

Mechanical and Civil Engineering, Volume 

5, Issue 4, pp 19-25. 

[25] Shih-Ho Chao, Netra B. 

Karki,(2013),―Seismic Behaviour of Steel 

Buildings with Hybrid Braced Frames,‖ J. 

Struct. Eng. pp 1019-1032. 

[26] Bahman Farokhi, Alireza Bazvand, (2014), 

―Seismic performance evaluation of steel 

knee braced moment frames‖, Academia 

Arena, Page No.1-8. 

[27] Krishnaraj R. Chavan, H.S.Jadhav, (2014), 

―Seismic Response of R C Building With 

Different Arrangement of Steel Bracing 

System‖ Int. Journal of Engineering 

Research and Applications ,Vol. 4, Issue 

7,pp.218-222.. 

[28] Kalibhat M.G., Kamath K., Prasad S. K. 

and Pai R.R., (2014), ―Seismic 

Performance of Concentric Braced Steel 

Frames from Pushover Analysis‖, IOSR 

Journal of Mechanical and Civil 

Engineering, pp. 67-73.. 

[29] M. I. Khan, K. N. Khan, (2014), ―Seismic 

Analysis of Steel Frame With Bracings 

Using Pushover Analysis‖ International 

Journal of Advanced Technology in 

Engineering and Science, Volume No.02, 

Issue No. 07, pp.369-381. 

[30] Dr. S. N. Tande,Amol A. Sankpal, (2014), 

―Study of Inelastic Behavior of 

Eccentrically Braced Frames under Non 

Linear Range‖ International Journal of 

Latest Trends in Engineering and 

Technology. 

[31] Kiran Kamath, Shruthi, Shashikumar Rao, 

(2015), ―Comparative Study on Concentric 

Steel Braced Frame Structure due to Effect 

of Aspect Ratio using Pushover Analysis‖ 

International Journal of Scientific Research 

Engineering & Technology, Volume 4, 

Issue 3. 

 

[32] ATC- 40, ―Seismic Evaluation and Retrofit 

of Concrete buildings‖, Applied 

Technology Council, 1996. 



Pravin S. Kamble.et al Int. Journal of Engineering Research and Application                www.ijera.com 

ISSN: 2248-9622, Vol. 6, Issue 5, (Part - 4) May 2016, pp.13-22 

 www.ijera.com                                                                                                                               22 | P a g e  

[33] FEMA356, ―Seismic Rehabilitation of 

Buildings‖, Federal Emergency 

Management Agency, Washington DC, 

2000. 

[34] IS: 875 (Part 1) -1987, ―Code of practice 

for design loads (other than the earthquake) 

for building and structures‖ PART 1 DEAD 

LOADS — Unit Weights of Building 

Materials and Stored Materials, Second 

revision, India. 

[35] IS: 875 (Part 2) -1987, ―Code of practice 

for design loads (other than the earthquake) 

for building and structures‖ PART 2 

IMPOSED LOADS, Second revision, 

India. 

[36] IS: 1893- 1975, ―Criteria for earthquake 

resistant design of structures‖, Third 

revision, India. 

[37] IS 800: 2007 General Construction in steel 

– Code of Practice. 


