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ABSTRACT 
 

In last decades steel structure has played an important role in construction Industry. It is necessary to design a 

structure to perform well under seismic loads.  Steel structures in areas prone to high seismic activity should satisfy 

two main conditions. It should be stiff enough to control the drift to prevent structural damage, and  also must have 

sufficient ductility to prevent collapse caused by dramatic deformation. Bracing element in structural system plays 

vital role in structural behavior during earthquake. Steel bracing is an effective and economical solution for resisting 

lateral forces in a framed structure. Knee braced steel frame is that which has got excellent ductility and lateral 

stiffness. Since the knee element is properly fused, yielding occurs only to the knee element and no damage to major 

elements. Compared to other type of bracings it performs better during a seismic activity. Aim of this study is to 

consider seismic effect of different types of steel knee bracings with different configuration in multistoried frame 

using ANSYS software. For the analysis five storied frame and ten storied frame were considered. And compared 

the deformation and base shear values to get the comparatively most effective pattern. 
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I. INTRODUCTION 

 

Bracings are of different types, namely concentric 

bracings, eccentric bracings and knee bracings. In 

concentric bracings, inelastic energy dissipation 

response is generally poor due to the possible buckling 

of the diagonal elements in compression. In eccentric 

bracings since it absorbs large seismic force, repair and 

replacement after a severe earthquake is expensive and 

time consuming. As a remedy for all these 

disadvantages, knee braced frame developed. Frames 

with knee bracings (KBFs) provides an effective 

bracing solution. It can be obtained by providing a new 

element called "knee" in between the beam and column 

along with bracings. These bracings limits interstorey 

drifts, and knee element absorbs the earthquake energy, 

by providing cyclic deformations in shear or bending. 

The main advantage with respect to eccentric braced 

frames is that damage is concentrated in secondary 

element and it can easily replaced after destructive 

earthquakes. The position and stiffness of knee was the 

most important factor affecting the lateral resisting 

ability of KBF. The beams and columns got great 

influence on the lateral behaviour of KBF structure. The 

knee element will yield first without affecting the other 

main structural elements. 

 

The knee braced steel frame (KBF) is energy dissipating 

frame system, which combines excellent ductility and 

lateral stiffness. The knee element is a fuse-like element 

that dissipates energy by the formation of plastic 

flexural hinges at its ends and mid-span when the 

building is subjected to severe lateral loads. The 

diagonal brace element, on the other hand, provides the 

required level of lateral stiffness and remains in the 

elastic range at all time. In this system, the non buckling 

diagonal brace provides most of the lateral stiffness. 

The ductility under a severe earthquake is provided by 

the flexural yielding of the knee element. In this way, 

the damage is concentrated in a secondary member 

which can be easily repaired at minimum cost. Floor 

distortions are reduced compared to the eccentric braced 

frame, to a level similar to that of the conventional 

moment-resisting and concentrically braced frames. 

Different types of KBF systems are  shown in Fig 1. In 

this study seismic effect of different types of steel knee 
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bracings with different configuration in multi-storied 

frames using ANSYS software, by time history analysis 

of 5 storied and 10 storied frames have done. 

 
(a)             (b)                        (c) 

(a) K-knee braced frame (b) X-knee braced frame 

(c) knee braced frame with single brace and one knee 

element 

Figure 1. Types of knee brace frames 

 

II.  METHODS AND MATERIAL 

 

A.Modelling And Analysis  

 

A 5 storeyed and 10 storeyed steel frame with different 

arrangement patterns of knee bracings has been 

considered for the current study. The frames considered 

for the present work is 5 bays in with 3m in Y-direction 

and 2m in X- direction. 5 storied models considered for 

design are shown in Fig 2. Four types of models 

considered for analysis in 5 storied frame. Two type 

chevron and two type cross knee braced frame. They 

were categorized as a,b,c &d. In 10 storied frames, four 

types of chevron knee braced frames and four types 

cross knee braced frames were considered. They were 

categorized as Type I, Type II, Type III and Type IV. 

Sections of columns and beam are explained in Table 1 

 

Table 1 Frame Configuration 

 

Size of column BU UC 305*305*240 

Size of beam ISMB 600 

Size of knee bracing ISLB 250 

 

B. Nonlinear time history analysis 

 

Nonlinear static analysis cannot represent seismic 

phenomena in a high accuracy mode, time history 

analysis has been performed to get the displacement due 

to transient loading. Here an earthquake data is used as 

input loading. Kobe earthquake data is used in the 

present study. 

 

 

 

 
(a)                                                (b) 

 
 

       (c)                                       (d) 

Fig.2 Models for analysis 

 

III. RESULTS AND DISCUSSION 

 

A. Total deformation 

 

Total deformations of the structures are obtained, in 

which the maximum total deformation is indicated 

by red colour and the minimum total deformation by 

blue colour. The deformation contour varies in 

between these two which are again indicated by 

different colours. The frames get deformed laterally 

when side sway acts under the application of lateral 

force. The structure gets displaced from its original 

position towards different directions. The total 

deformation is the vector sum of the directional 

deformations.  Models after deformation are shown 

in Fig. 3.  Total deformation values are shown in 

Table2 
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                   Type I                              Type II 

 

                
Type III                                     Type IV 

    

 

Fig.3 Models after deformation for Chevron knee 

braced frame. 

 

Table 2 Total Deformation 

 

Type of 

bracings 

Number 

of 

storeys 

Alternate 

bracings 

(mm) 

Bracings 

at 

middle 

(mm) 

% 

variation 

(mm) 

Chevron 

5 

59.26 60.789 2.5 

Cross 

knee 

116 140 20.68 

 

From the results for five storied frame from Table.1 it is 

observed that the total deformation value is lesser for 

Chevron knee braced frames as compared to Cross knee 

braced frame. And the values are lesser for models 

having alternate bracings. 

 

 

 

Table 3 Total Deformation for 10 storied frame 

 

 

Type of frame Chevron knee 

braced frame 

(mm) 

Cross knee 

braced frame 

(mm) 

Type I 149.97 148.52 

Type II 81.673 104.49 

Type III 241.31 277.2 

Type IV 146.38 138.2 

 

From Table.3 it is clear that the total deformation value 

is lesser for Type II in both Chevron knee braced frame 

and cross knee braced frame.   

B. Base Shear 

 

It is an estimate of the maximum expected lateral force 

that will occur due to seismic ground motion at the base 

of a structure. Table 4 shows the base shear values of 

ten storied frame.   

 

Table 4 Base Shear for ten storied frame 

 

Type of 

frame 

Chevron 

knee 

      (kN) 

Cross knee 

braced 

frame (kN) 

% variation 

Type I 3609.1 3323 8.6 

Type II 2314 2816.8 21.7 

Type III 4229 3638 16.2 

Type IV 3073 3563 15.9 

 

Table 5 Base Shear for five storied frame 

 

 

Table 4 gives the base shear values for ten storied frame. 

It is clear from the results that second type of pattern is 

comparatively better providing less base shear values 

than other types. By comparing chevron knee braced 

frame with knee braced frame it is clear from the results 

that chevron knee braced frames are much better, 

providing a percentage variation of 21.7% when 

compared to the cross knee braced frame. By the 

comparative study it is clear from the results that TypeII 

chevron knee braced frame having lesser value of 

chevron knee braced frame. Table 5 gives the Base 

Type of frame Chevron knee 

braced frame 

(kN) 

Cross knee 

braced frame 

(kN) 

Alternate 

bracings 

952 921 

Bracings at 

middle 

1050 1258 
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shear value for five storied frame. By comparing Base 

shear values in five storied frame from Table 5 it also 

giving lesser values for Chevron knee braced frame. 

 

IV. CONCLUSION 
 

 Five  storey knee braced frame and ten storey five 

bay knee braced frames were considered for 

checking the effect of knee bracings in multistoried 

frames. The bracings patterns considered were  

chevron knee bracing, cross knee bracings, and 

arranged in four patterns. Better results obtained for 

alternate bracing pattern  in  Five storied frames. 

 The results extracted shows that the frame model 

with type II pattern in chevron knee braced frames 

experience less base shear values so this bracing 

configuration can be used to resist seismic forces 

most efficiently. 

 

                                    V.REFERENCES 

 
[1]. Dario Aristizabal-ochoa (1986) “The Disposable 

Knee-bracing Technique in Steel Frames”,  

Engineering journal American Institute of steel 

construction” 

[2]. T.Balendra,M.T.Sam & C.Y. Liaw (1990) 

“Design of Earthquake – Resistant steel frames 

with knee Bracing” j.Construction Steel research 

18(1991) 193-208 

[3]. Ming-

TuckSam,ChihYoungLiaw,T.Balendra,(1995),“Ea

rthquake-resistant steel frames with energy 

dissipating knee element,” Engineering 

Structures, .17, No. 5, 334-343, 

[4]. D. Roke, R. Sause2, J.M. Ricles, and N. Gonner 

(2002) “Design concepts for damage-free seismic-

resistant self-centering steel concentrically-

bracedframes in the 14thWorld Conference on 

Earthquake Engineering October 12-17.  

[5]. Mahmoud R.Maheri, R. Akbari,(2003), “Seismic 

behavior factor, R, for steel X-braced and knee-

braced RC buildings”, Engineering Structures 25, 

pp1505–1513. 

[6]. Rafael Sabelli, Stephen Mahin and Chunho 

Chang(2003) “Seismic demands on steel braced 

frame buildings with buckling restrained braces”, 

Engineering journal Science Direct. 

[7]. Denis e clement ,Martin S. Williams (2004)  

“Seismic design and analysis of knee braced 

frame building” Journal of Earthquake 

Engineering 08 523 

[8]. Massumil and A.A. Tasnimi(2004) Strengthening 

of low ductile reinforced concrete frames using 

steel x-bracings with different details in The 

14thWorld Conference on Earthquake 

Engineering, Beijing,  China 

[9]. Chui-HsenChen,Jiun-Wei Lai and Stephen Mahin 

(2005) “Seismic Performance of Concentrically 

Braced Steel Frame buildings” in The 14thWorld 

Conference on Earthquake Engineering 

[10]. Robert Tremblay ,Laure Poncet (2005) “Seismic 

Performance of Concentrically Braced Steel 

Frames in multistory buildings with mass 

irregularity” Journal of structural engineering 131 

[11]. Kumar M, Castro JM, Elghazouli AY (2009), 

“Influence of Ground Motion Characteristics on 

the Seismic response of Steel Framed Structure”, 

Behaviour of Steel Structures in Seismic Areas, 

Stessa2009,  Taylor and Francis,  787-792 

[12]. 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 

[13]. Mahmoud Miri1, Soleiman Maramaee(2009) 

“The effects of asymmetric bracing on steel 

structures under seismic loads”, World Academy 

of Science,Engineering and Technology:3 2009-

02-21 and International Science Index , No:2, 

2009 waset.org/Publication/2108  714-718 

[14]. Mina Naeemi, Majid Bozorg (2009) “Seismic 

performance of knee braced frame” World 

academy of science engineering and technology 

26, 2009 

[15]. Viswanath K.G , Prakash K.B. , Anant Desai 

(2010)Seismic Analysis of Steel Braced 

Reinforced Concrete Frames in International 

journal of civil and structural engineering 1, No 1, 

2010 Pp no 114-122. 

[16]. Sutat Leelataviwat, Bunyarit Suksan and Jarun 

Srechai and Pennung Warnitchai, (2011) Seismic 

Design and Behavior of Ductile Knee-Braced 

Moment Frames", Journal Of Structural 

Engineering,  137(2011), 579-588. 

[17]. Mohammad Eyni Kangavar (2012) “Seismic 

Propensity of Knee Braced Frame (KBF) As 

Weighed Against Concentric Braced Frame 

(CBF) Utilizing ETABSand OPENSEES” 

International Journal of Engineering and 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)  784 

Advanced Technology (IJEAT) ISSN: 2249 – 

8958, Volume-5 June-2012  

[18]. Peyman Shademan Heidari, Roohollah Ahmady 

Jazany and Hossein kayhani,(2012) “An 

Investigation on bracing configuration effects on 

behavior of concentrically braced ateel frames” 

World applied science journal,17 (9) 1095-1108 

[19]. Zasiah Tafheem, Shovona Khusru (2013) 

Structural behavior of steel building with 

concentric and eccentric bracing: A comparative 

study, International journal of civil and structural 

engineering , 4, No 1, 12- 

[20]. Mazen Ali Musmar (2013) “Effect of link 

dimensions on d type eccentric steel frames”  

American Journal of Engineering and Applied 

Sciences,  31-41, 2013 

[21]. A.Mortezaeiand,H.R.Ronagh,(2013),“Effectivene

ss of modified pushover analysis procedure for 

the estimation of seismic demands of buildings 

subjected to near-fault ground motions having 

fling step” 

[22]. Madhusudan G. Kalibhat, Kiran Kamath, Prasad 

S. K.(2013) seismic performance of concentric 

braced steel frames from pushover analysis IOSR 

Journal of Mechanical and Civil Engineering ,67-

73. 

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

“Study of Inelastic Behavior of Eccentrically 

Braced Frames under Non Linear Range”, 

International Journal of Latest Trends in 

Engineering and Technology. 

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

“Seismic Response of R C Building With 

Different Arrangement of Steel Bracing Syste”, 

Int. Journal of Engineering Research and 

Applications, 4, Issue 7,.218-222. 

[25]. Kiran Kamath, Shruthi, and 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 

[26]. Edris Farokhi, Mehrded Gordini (2015) 

“Investigating the parameters influencing the 

behavior of knee braced steel structures” Journal 

of Constructional Steel Research  567-574 


