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ABSTRACT 

Passive control is one of the most common methods to improve seismic performance of the structure. Types 

of concentrically braces, such as Cross, Knee, and Reverse V, are the most common systems used in steel 

structures. Choosing the right bracing system for the structure and increasing its efficiency will increase 

the performance level of the structure. The importance of the bracing system in the near-fault zone is very 

important, considering the magnitude of the earthquake. Therefore, in the current research, 5-story steel 

structures with X, Knee, Inverted V and Rhombus bracing systems has been modeled with SAP2000 

software. The steel structures were subjected to the Kobe earthquake for 10 seconds, in the near-fault zone, 

with the modal time history dynamic analysis method. Nine seismic parameters including Story 

Displacement, Acceleration, Modal Damping Energy, Base Shear, Shear Force in Beam, Bending Moment 

in Beam, Shear Force in Column and Axial Force in Column were investigated. The results showed that the 

X bracing system has the best performance in all parameters, except for axial and shear force in the column. 

Also, the KBF brace has the weakest performance in all parameters. The average value of the nine 

parameters in the superior bracing system and the weaker bracing system (KBF) is equal to 98.56%. 
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1. Introduction 

Concentrically braced frames are a type of structural system used in engineering to resist lateral 

forces such as those caused by earthquakes [1]. They consist of diagonal braces located in the plane 

of the frame, with both ends of the brace joining at the end points of other framing members to 

form a truss, creating a stiff frame [2,3]. Concentrically brace may be arranged in several different 

configurations, such as X, K or one-directional diagonal bracing, and the bracing members may be 

designed to act in tension or compression [4]. Eccentrically bracing is another type of bracing that 

consists of diagonal braces located in the plane of the frame where one or both ends of the brace 

are offset from the centerline of the framing member [5–7]. The design of concentrically braced 

frames is an active zone of research, with a focus on factors such as ductility, connection design, 

and brace performance. Experimental testing and research are ongoing to improve the performance 

and design of these structural systems [8]. Montuori et al. [9] investigated the effect of gravity 

column on the seismic design of steel CBFs. The results showed that the convergent brace has the 

ability to improve quality. Dong et al. [10] investigated the seismic design method in CBF brace 

based on energy-ductility model. The results showed that the brace proposed in this research can 

be used in the seismic design of steel structures. Bomben et al. [11] investigated the effect of 

seismic sequences on X-CBF steel for industrial buildings. The results showed that brace X has a 

great ability to absorb seismic forces. Ghamari et al. [12] developed an innovative shear damper 

for concentric braced frames. The results showed that by adding X hardeners, the ultimate strength 

and elastic stiffness of the damper increases greatly. Souri and Mofid [13] studied the seismic 

evaluation of concentrically braced steel frames equipped with yielding elements and BRB. Asil 

Gharebaghi et al. [14] investigated the seismic performance of dual MRF-CBF systems under the 

influence of phased construction. In this regard, three-dimensional models with 5, 10, 15, 20 and 

25 story were designed and subjected to cyclic loading with pushover analysis. The results showed 

that staged construction has little effect on axial forces in bracing due to dead load and energy loss 

under cyclic loading protocols. Bosco [15] investigated the effect of uncertainty on the seismic 

performance evaluation of Chevron braced frame. Shen et al. [16] evaluated concentric bracing 

frames and their seismic performance. This research is a comprehensive research on the evolution 

of SCBF during 30 years (1992-2022) and its effect on seismic performance. Zheng et al. [17] 

evaluated the seismic performance of different Chevron braced frames. This study proposed an 

arched chevron braced frame, a multi-line chevron braced frame and side bar braced frames. 

Mokhtari and Imanpour [18] investigated the proposed seismic design parameters for the anchor-

resistant knee frame system. The results showed that the knee bracing system should be designed 

as a relatively ductile system using ductility coefficients of 1.60 and 3.0, respectively, with a height 

of more than 40 meters, in high seismic zones. Qui et al. [19] investigated the seismic performance 

of knee brace frames equipped with NiTi BRBs. The results showed that KBFs equipped with steel 

or NiTi BRBs can satisfy the desired drift well. Zheng et al. [20] investigated the seismic 

performance of multi-story X-braced steel frames. The analysis showed that the bracing of the 

multi-story steel frame with X bracing does not experience instability and the lateral load capacity 

increases by 20%. The vertical displacement in the middle of the brace beam is small. The 

improved multi-story steel frame with X-bracing shows good seismic performance. Hamidi and 

Soleimani [21] developed an alternative frame model for bending frame and X bracing structure to 

improve seismic response. Nonlinear time history analysis (NTHA) was performed with 20 real 
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ground motion records. The results showed that the proposed model can estimate the natural 

periods of all the main models with an error of less than 1%. Roostaeyan et al. [22] worked on the 

numerical modeling of X-braced frames. The results show that the bracing cross beam creates about 

37% less stress in the proposed frame than the normal frame. 

 

2. Methodology 

In the present paper, Steel structures are modeled in two-dimensional (2D). The structures have 

three spans loading in the horizontal direction (X-axis). The left and right spans are 5 meters and 

the middle span is 3 meters. The frame has 5-story and the story height is 3 meters. Design and 

analyses of the structure has been done with SAP2000 software. In Figure 1, the bracing systems 

modeled in the current investigation are presented. 

 

 

    

(a) (b) (c) (d) 

 

Figure 1. Bracing systems modeled with SAP2000 software in the present study include (a) IVBF, (b) KBF, (c) RBF 

and (d) XBF. 

 

The land under the structure has a high seismic risk (A=0.3). The usage type of the structure is 

residential (I=1) [23]. The soil under the structure is type Ш. The coefficient C (Earthquake 

parameter) and the coefficient K (Elevation parameter) have been calculated according to Iran 

standard 2800-4th edition [24,25]. The seismic parameters of the structures are presented in Table 

2. In the modeling of the structure, it is made of St37 steel, the specifications that which are 

presented in Table 1. This type of steel is widely used in the construction of residential, industrial 

and commercial structures. The specifications of steel and its parameters are entered in the define 

menu and the Material section of the SAP2000 software. 

 

 

 

 

 
Table 1. Characteristics of St37 [26] in present paper 

Poisson's 

ratio 

Modulus of 

elasticity 

(GPa) 

Effective 

tensile stress 

)Kg/𝐜𝐦𝟐) 

Effective 

tensile stress 

)Kg/𝐜𝐦𝟐) 

Minimum 

tensile stress 

)Kg/𝐜𝐦𝟐) 

Minimum 

yield stress 

)Kg/𝐜𝐦𝟐) 

Parameter 

(Unit( 

𝟎. 𝟑 2.039 × 1010 42.55 × 106 27.6 × 106 27 × 106 24 × 106 Value 
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Table 2. Seismic parameters of steel structures [23–25] 

𝐂 𝐁 𝐍 𝐁𝟏 𝐓𝟎 (𝐒𝐞𝐜) 𝐓𝐒 (𝐒𝐞𝐜) 𝐒𝟎 𝐒 𝐊 𝐓 (𝐒𝐞𝐜) 𝐇 (𝐦) 
Number 

of story 

C(Ru=3.5) = 0.24 2.75 1 2.75 0.15 0.7 1.1 1.75 1 0.61 15 5 

H: Structure total height, T: Period time, B1: Spectrum shape factor, N: Spectrum correction factor, B: Building 

reflection factor, Ru: Structure behavior factor and S, S0 , TS and T0 are seismic parameters. 

 

In Figure 2, the naming of the members of the 5-story structure is presented. 

 

 

 
Figure 2. The names of the members of the 5-story steel structure according to software modeling. 

 

  

Structure loading includ1es gravity loads (dead load equivalent to 500 kg/m and live load 

equivalent to 200 kg/m) and lateral seismic load. By performing linear static analysis, members in 

5-story steel frames were determined. Members section is present in Table 3. Structures were 

designed by LRFD method [27]. 

 

3. Results 

3.1. Story Displacement 

In this section, the story displacement under the Kobe earthquake, which is located in the near-fault 

zone, is presented. 
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Figure 4. Story displacement in 5-story structures with four types of bracing systems under the Kobe earthquake 

 

Figure 4 showed that XBF and RBF systems have the least story displacement. These two systems 

have almost the same numerical values and performance in this section. Also, the results showed 

that the KBF system has the most story displacement and the weakest performance. To present the 

results, in Figure 5 the average of story displacement is present. 

 

 
Figure 5. Average of story displacement in 5-story steel structures with different concentrically bracing systems 

under Kobe earthquake 

 

Figure 5 showed that the structure with XBF bracing system has the lowest average of story 

displacement (0.00362 m). The structure with RBF, IVBF and KBF bracing systems with values 

of 0.00368 m, 0.00396 m and 0.00474 m, respectively, are in the next categories of story 

displacement. 

 

3.2. Acceleration 

In this section, the acceleration under the Kobe earthquake, which is located in the near-fault zone, 

is providing in Figure 6. 
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Figure 6. Acceleration in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake. 

 

 

Figure 6 showed that the graphs of four bracing systems have different performance, and to 

prioritize their performance, numerical results is presented in Figure 7. 

 
 

 
Figure 7. Average of acceleration in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 

 

Figure 7 showed that the XBF system has the lowest average of acceleration (0.126 m/s2). The 

RBF system also performs well in this sector. Therefore, XBF system has the best performance in 

the structure acceleration (0.164 m/s2). Decreasing the acceleration reduces the forces on the 

structure. The use of X brace in the steel structure includes this result. Also, the RBF bracing system 

has a close performance to the XBF bracing and there is only a 2.3% difference in the average 

acceleration. 

 

3.3. Modal Damping Energy 

In this section, the modal damping energy under the Kobe earthquake, which is located in the near-

fault zone, is providing in Figure 8. 
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Figure 8. Modal damping energy in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 

 

Table 4. Line equations and slopes in Figure 8 

Bracing System IVBF KBF RBF XBF 

Line Gradient 

y = 0.9404x + 

0.5199 

y = 1.2692x + 

0.2216 
y = 0.7768x + 0.425 y = 0.7766x + 0.432 

R² = 0.7255 R² = 0.7717 R² = 0.7385 R² = 0.7365 

 

Table 4 showed that the XBF system has the lowest slope (0.7766) among braces. This result shows 

that the diagram of Modal damping energy in XBF system is lower than other braces in Fig. 8. 

Also, the KBF system has the highest slope (1.2692). 

 

3.4. Base Shear 

In this section, the base shear under the Kobe earthquake, which is located in the near-fault zone, 

is presented. 

 

 
Figure 9. Base Shear in 5-story steel structures with different concentrically bracing systems under Kobe earthquake 

  

Figure 9 showed the base Shear of the structure under the Kobe earthquake. At some loading times, 

it can be seen that a specific bracing system has higher shear force values. Therefore, it is difficult 
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to choose a system as the best brace. Therefore, an average is taken from the total shear force values 

in 10 seconds. Figure 10 is providing for numerical analysis of the results in the base shear.  

 

 
Figure 10. Average of base Shear in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 

 

Figure 10 shows that the structure with XBF system has the lowest average of base shear force 

(256090 N). This system has been able to reduce the base shear force in the structure by absorbing 

more part of the earthquake force. Therefore, the power of the XBF system is more compared to 

other bracing systems. Also, the structure with the KBF system has the highest base shear force 

(326610 N). In the following, the internal forces of the structure will be investigated. For this 

purpose, in Figure 11, the names of the members in modeling with Sap2000 software are presented 

for simplicity in presenting the results. 

 

3.5. Shear Force in Beam 

In this section, the Shear force in beam (No. 132) under the Kobe earthquake, which is located in 

the near-fault, is presented. The Kobe earthquake is located in the near-fault, and its great 

magnitude causes it to have sudden effects on the structure at its maximum magnitude. 

 

 
Figure 11. Shear force in beam in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 
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Figure 11 showed that the effect of four types of concentrically bracing systems on the structure is 

different. In loading times, the differences of the four bracing systems are very small. Therefore, 

to check the results accurately, the average shear force in beam is presented in Figure 12. 

 

 
Figure 12. Average of shear force in beam in 5-story steel structures with different concentrically bracing systems 

under Kobe earthquake 

3.6. Moment in Beam 

In this section, the Moment in beam (No. 132) under the Kobe earthquake, which is located in the 

near-fault zone, is presented. 

 

 
Figure 13. Moment in beam in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 

 

Figure 13 showed that the behavior of the structure against the earthquake force is different, despite 

the presence of different concentrically braces, although in some loading times, the values of the 
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Figure 14. Average of moment in beam in 5-story steel structures with different concentrically bracing systems under 

Kobe earthquake 

 

 

Figure 14 show that the structure with XBF bracing system has the lowest average of moment in 

beam (0.0162 KgF.m). Also, the structure with KBF bracing system has the highest moment in 

beam (0.0222 KgF.m). Reducing the beams moment of the structure reduces beam damage during 

earthquakes. Also, during the design of the structure, the beam has smaller dimensions. 

 

3.7. Shear Force in Column 

In this section, the Shear Force in Column (No. 100) under the Kobe earthquake, which is located 

in the near-fault zone, is presented. 

 

 
Figure 15. Shear force in column in 5-story steel structures with different concentrically bracing systems under Kobe 

earthquake 

 

Figure 15 showed that the structure with different concentrically bracing systems have different 

performance. To check the numerical average of shear force in column, Figure 16 is presented. 
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Figure 16. Average of Shear force in column in 5-story steel structures with different concentrically bracing systems 

under Kobe earthquake 

 

Fig. 16 showed that the structure with RBF bracing system has the lowest shear force in the column 

with a value of 0.36 KN. Also, the KBF system has the highest shear force in the column with a 

value of 1.74 KN. 

 

 

3.8. Axial Force in Column 

In this section, the axial force in Column (No. 100) under the Kobe earthquake, which is located 

in the near-fault zone, is presented. 

 

 
Figure 17. Axial force in column (No. 100) in 5-story steel structures with different concentrically bracing systems 

under Kobe earthquake 

 

Figure 17 showed that the impact of different bracing systems on the structure is different. For 

detailed analysis of the numerical results, Figure 18 is provided. 
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Figure 18. Average of axial force in column (No. 100) in 5-story steel structures with different concentrically bracing 

systems under Kobe earthquake 

 

Fig. 18 showed that the structure with IVBF bracing system has the lowest axial force in the column 

(No. 100) with a value of 618.18 KN. Also, the structure with the KBF bracing system has the 

highest axial force in the column with a value of 948.27 KN. Under the effect of the combination 

of axial force and bending moment in some columns of the structure, tensile forces are created and 

increase the applied load on the columns. Therefore, reducing the axial force of the columns can 

reduce the damage caused to them during an earthquake, especially in the near-fault zone. 

 

3.9. Axial Force in Brace 

In this section, the axial force in brace under the Kobe earthquake, which is located in the near-

fault zone, is presented. 

 

 
Figure 19. Axial force in column (No. 100) in 5-story steel structures with different concentrically bracing systems 

under Kobe earthquake 

 

 

Figure 19 showed that the axial force in braces is different under the Kobe earthquake. For the 

numerical analysis of the axial force in the brace, Figure 20 is presented. 
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Figure 20. Average of axial force in column (No. 100) in 5-story steel structures with different concentrically bracing 

systems under Kobe earthquake 

 

Figure 20 showed that the structure with XBF bracing system has the lowest axial force (180.93 

KN). Also, the structure with the KBF bracing system has the highest axial force in the brace (365.8 

KN). 

 

4. Discussion 

Passive control of the structure is one of the widely used methods of increasing the seismic 

performance. Concentrically braces are one of the most important types of structural braces that 

have different types. In the present study, four types of concentrically braces, including Reverse V, 

knee, Rhombus, and X braces, were investigated and compared. Many studies have compared the 

seismic performance of braces. But so far, there have been few studies that examine eight different 

criteria in one study. In this research, various criteria including Story displacement, Acceleration, 

Modal Damping Energy, Base Shear, Shear Force in Beam, Moment in Beam, Shear Force in 

Column, Axial Force in Column and Axial Force in Brace have been investigated. Many studies 

including [30–34] confirm the results of the current research. The present research has been carried 

out in continuation of some papers including [22,35-37] and has examined several seismic 

parameters in one article. This is in order to check the performance of the structure from different 

aspects. The results of the research showed that X brace was better than other braces in six seismic 

criteria, except for column performance. The X brace has more ability to absorb and dissipate 

earthquake energy and better transmit seismic forces to the ground. Therefore, brace X is chosen 

as the best brace among the braces examined in the paper. It is suggested to compare the 

performance of brace X in the far-fault with other braces and to compare its performance in near 

and far-fault. 

 

5. Conclusions 

After reviewing the present paper, the summary of the results is as follows: 

1-In the story displacement criterion, the XBF brace has performed better than other braces in the 

near-fault zone. XBF bracing system, with a small difference, has a similar function to the RBF 

bracing system and has been able to greatly reduce the story displacement. The KBF brace had the 

0

50

100

150

200

250

300

350

400

IVBF
KBF

RBF
XBF

287.64

365.80

185.91
180.93

A
x
ia

l 
F

o
rc

e 
(K

N
)



Advance Researches in Civil Engineering  

ISSN: 2645-7229, Vol.6, No.1, pages: 1-17  

 

 
14 

 

weakest performance compared to the other braces examined. The difference in the average story 

displacement between XBF and KBF bracing systems is equal to 31%. Reducing the story 

displacement during an earthquake causes the structure to remain in the elastic performance zone 

and cause less damage to the building members. This advantage increases the performance level 

of the structure and makes it possible to use the structure continuously after the earthquake. 

2-In terms of structural acceleration, XBF brace has the best performance compared to other braces 

examined in the research. This brace has a slight advantage over the RBF brace and their 

performance is almost the same. Also, the KBF brace had the weakest performance in this section 

and the structure with the KBF system had the highest acceleration. Therefore, the XBF brace is 

known as the best system in terms of acceleration. The difference in average acceleration between 

XBF and KBF bracing systems is equal to 32%. Decreasing the acceleration of the structure during 

an earthquake causes less seismic forces to story and the entire structure. The reduction of seismic 

forces will reduce damages in the structure during an earthquake. Therefore, the stability of the 

structure increases. 

3- In the Modal Damping Energy criterion, the XBF bracing system has performed best compared 

to other bracing systems. In this section, the performance of XBF and RBF bracing systems is very 

close and almost the same. Also, the KBF bracing system has the weakest performance. By 

examining the slope of the Modal Damping Energy curves, it was found that the XBF brace has 

improved the Modal Damping Energy value by 22% compared to the KBF brace. Increasing the 

power of energy dissipation resulting from seismic loading in the structure has many advantages, 

including reducing base shear forces, reducing design forces (shear and moment) and reducing 

axial forces. 

4-In terms of base shear force, XBF brace system has the best performance compared to other 

braces. Also, the KBF bracing system has the weakest performance in the base shear force. By 

installing the XBF brace compared to the KBF brace, the base shear force is reduced by 27%. This 

result shows the importance of choosing the right bracing in the structure. By choosing a suitable 

structural bracing system and reducing the base shear force in the structure, the dimensions of the 

columns and other members of the structure will be reduced and the cost of the structure will be 

reduced. 

5- In terms of a shear force in selected beam, the XBF bracing system performed best and caused 

a great reduction. Also, KBF bracing system had the weakest performance. The difference in beam 

shear force in XBF and RBF braces is equal to 198%. This difference is very large and has a great 

impact on the seismic performance of the structure. Reducing the beams shear force in increases 

the stability of the structure and increases the strength of the beams during an earthquake. 

In terms of moment in the selected beam, the XBF brace system has the best performance compared 

to other braces. Also, the KBF bracing system has the weakest performance. The moment 

difference in XBF and KBF bracing systems is equal to 37%. Reducing the moment in the beam 

causes the structure to be subjected to smaller forces during an earthquake and less damage to the 

structure. 

6- The RBF bracing system has the best performance in the criterion of shear force in the selected 

column. Also, The KBF bracing system has the weakest performance. The difference in column 

shear force in RBF and KBF bracing systems is equal to 383%. Reducing the column shear force 

increases the strength of the structure. If the strong column-weak beam index is maintained in the 

structure, the structure has adequate strength during an earthquake. Therefore, by installing a 

suitable brace in the structure, the strength of the structure increase. 
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In the column axial force criterion, the IVBF bracing system has the best performance. Also, the 

KBF brace system has the weakest performance compared to other braces. The difference in the 

axial force of the columns in the structure with IVBF and KBF braces is equal to 54%. Columns 

are subjected to large seismic loads during an earthquake. An increase in the axial forces of the 

columns causes an increase in the dimensions of the column or the structure needs to be reinforced. 

Therefore, the reduction of the axial force of the columns leads to a reduction in the construction 

costs and damages during an earthquake. 

7- XBF bracing system has the best performance in the brace axial force criterion. Also, the KBF 

bracing system has the weakest performance. The difference between XBF and KBF bracing 

systems is equal to 103%. During an earthquake, seismic forces are first dissipated in braces, and 

the reduction of axial forces in them is one of its advantages, which has the results of increasing 

resilience against earthquakes and reducing the forces on beams and columns. 
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