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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.
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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 III. 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

Parameter Minimum Mi_nimum Effective Ef_fective Modu_lu_s of Poisson's
(Unit) yield stress tensile stress tensile stress | tensile stress elasticity ratio
(Kg/cm?) (Kg/cm?) (Kg/cm?) (Kg/cm?) (GPa)

Value 24 x 10° 27 x 10° 27.6 X 10° 42,55 x 10° | 2.039 x 10%° 0.3




[w] 2 [x]

Advance Researches in Civil Engineering T
ISSN: 2645-7229, Vol.6, No.1, pages: 1-17 El
Table 2. Seismic parameters of steel structures [23-25]
Number
of story H(m) | T (Sec) K S So | Ts (Sec) | To(Sec) | By N B C
5 15 0.61 1 |175]11| 07 015 |275| 1 |275| Cgryess = 0.24

H: Structure total height, T: Period time, B;: Spectrum shape factor, N: Spectrum correction factor, B: Building
reflection factor, R,,: Structure behavior factor and S, S, , Tg and T, are seismic parameters.

In Figure 2, the naming of the members of the 5-story structure is presented.
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Figure 2. The names of the members of the 5-story steel structure according to software modeling.

Structure loading includles 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.
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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.
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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/s?). The
RBF system also performs well in this sector. Therefore, XBF system has the best performance in
the structure acceleration (0.164 m/s?). 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
y= g'gfggx * y= ézzgfgx * | y=07768x+0.425 | y=0.7766x + 0.432
Line Gradient : :
R?=0.7255 R2=0.7717 R?=0.7385 R? =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.
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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.
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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.
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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.
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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.
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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

moment of beam are almost equal. Therefore, to check the exact results obtained, Figure 14 is
presented.
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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.
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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.
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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.

11
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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 [VBF 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.
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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.

12



Advance Researches in Civil Engineering @ E
ISSN: 2645-7229, Vol.6, No.1, pages: 1-17

400 - 365.80
1 287.64

185.91
180.93

Axial Force (KN)
N
o
o

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

13
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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.

14
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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.

7. References

1- Behnamfar, F., Ahmadi, A., Anaraki, A.M.G., and Mazrouei, V., 2023, Performance evaluation
of concentrically braced frames equipped with pure bending yielding damper, Structures,
58:105650. d0i:10.1016/j.istruc.2023.105650.

2- Khademi, M., Tehranizadeh, M., Shirkhani, A., and Hajirasouliha, ., 2023, Earthquake-induced
loss assessment of steel dual concentrically braced structures subjected to near-field ground
motions, Structures, 51, 1123-39. doi:10.1016/j.istruc.2023.03.105.

3- Dursun, S.E., and Topkaya, C., 2023, Development of H-shaped hysteretic dampers for steel
concentrically braced frames, Soil Dynamic Earthquake Engineering, 166, 107758.
doi.:10.1016/j.s0ildyn.2023.107758.

4- Tan, Z., Zhong, W., Meng, B., Zheng, Y., Duan, S., Qu, Z., 2022, Numerical evaluation on
collapse-resistant performance of steel-braced concentric frames, Journal of Construction Steel
Research, 193, 107268. doi:10.1016/j.jcsr.2022.107268.

5- Corte, G.D., and Cantisani, G., 2023, FEM Analysis of Steel Eccentric Braces for Seismic
Retrofitting, Procedia Structure Integria, 44, 472-489. doi:10.1016/j.prostr.2023.01.062.

6- Mojarad, M., Daei, M., 2023, Effect of brace failure as capacity-based design component on the
EBF collapse safety, Structures, 56, 104969. doi:10.1016/j.istruc.2023.104969.

7- Kalapodis, N.A., Muho, E.V., and Beskos, D.E., 2022, Seismic design of plane steel MRFS,
EBFS and BRBFS by improved direct displacement-based design method, Soil Dynamic
Earthquake Engineering, 153, 107111. doi:10.1016/j.soildyn.2021.107111.

8- Thongchom, C., Mirzai, N.M., Chang, B., and Ghamari, A., 2022, Improving the CBF brace’s
behavior using I-shaped dampers, numerical and experimental study, Journal of Construction Steel
Research, 197, 107482. doi:10.1016/j.jcsr.2022.107482.

9- Montuori, R., Nastri, E., Piluso, V., and Todisco, P., 2023, The effect of the gravity column in
the seismic design of steel CBFs, Structures, 57, 105229. doi:10.1016/j.istruc.2023.105229.

10- Dong, Z.Q., Li, G., and Xu, S.T., 2022, Seismic retrofitting design method for steel CBFs based
on the energy-ductility model, Journal of Construction Steel Research, 199, 107608. doi:
10.1016/j.jcsr.2022.107608.

11- Bomben, L., Fasan, M., and Amadio, C., 2023, Assessment of the effect of seismic sequences
on steel X-CBF for industrial buildings, Procedia Structure Integria, 44, 99-106.
doi:10.1016/j.prostr.2023.01.014.

15



Advance Researches in Civil Engineering @%

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

12- Ghamari, A., Alzeebaree, R., Thongchom, C., 2023, Developing an innovative stiffened shear
damper for concentrically braced frames, Structures, 50, 734-744.
d0i:10.1016/j.istruc.2023.02.079.

13- Souri, O., and Mofid, M., 2022, Seismic evaluation of concentrically braced steel frames
equipped with yielding elements and BRBs, 100853. doi:10.1016/j.rineng.2022.100853.

14- Gharebaghi, S.A., Ebad, M., and Fanaie, N., 2023, Investigating the seismic performance of
MRF-CBF dual systems under the effects of staged construction, Journal of Construction Steel
Research, 207, 107956. doi:10.1016/j.jcsr.2023.107956.

15- Bosco, M., 2023, Influence of uncertainties on the seismic performance assessment of chevron
braced frames, Engineering Structure, 294, 116594. doi:10.1016/j.engstruct.2023.116594.

16- Shen, J., Akbas, B., Seker, P., Momenzadeh, S., and Faytarouni, M., 2017, Seismic
performance of concentrically braced frames with and without brace buckling, Engineering
Structure, 141, 461-81. doi:10.1016/j.engstruct.2017.03.043.

17- Zheng, L., Dou, S., Zhang, C., Wang, W., Ge, H., and Ma, L., 2023, Seismic performance of
different chevron braced frames, Journal of Construction Steel Research, 200, 107680.
doi:10.1016/j.jcsr.2022.107680.

18- Mokhtari, M., and Imanpour, A., 2023, Proposed seismic design parameters for the moment-
resisting  knee-braced  frame  system,  Engineering  Structure, 276,  115318.
doi:10.1016/j.engstruct.2022.115318.

19- Qiu, C., Jiang, T., Liu, J., and Du, X., 2022, Seismic performance of knee-braced frames
equipped with NiTi BRBs, Journal of Construction Steel Research, 197, 107480.
doi:10.1016/j.jcsr.2022.107480.

20- Zheng, L., Dou, S., Tang, S., Ge, H., Wen, W., and Zhang, J., 2024, Seismic performance of
improved multistorey X-braced steel frames, Journal of Construction Steel Research, 212, 108306.
d0i:10.1016/j.jcsr.2023.108306.

21- Soleimani, R., and Hamidi, H., 2021, Improved Substitute-Frame (ISF) model for seismic
response of steel-MRF with vertical irregularities, Journal of Construction Steel Research, 186,
106918. doi:10.1016/j.jcsr.2021.106918.

22- Roostaeyan, E., Rasoul Mirghaderi, S., Ghazizadeh, S., and Zahrai, S.M., 2020, Through gusset
connection for two-story X-braced frames, a numerical study, Structures, 27, 285-296.
d0i:10.1016/j.istruc.2020.05.025.

23- Zarrineghbal, A., Zafarani, H., and Rahimian, M., 2021, Towards an Iranian national risk-
targeted model for seismic hazard mapping, Soil Dynamic and Earthquake Engineering, 141,
106495. doi:10.1016/j.s0ildyn.2020.106495.

24- Moghaddam, H., Sanagar Darbani, M., Sadrara, A., and Hajirasouliha, 1., 2024,
Recommendation of new design spectra for Iran using modified Newmark method, Soil Dynamic
and Earthquake Engineering, 176, 108332. doi:10.1016/j.s0ildyn.2023.108332.

25- Mansouri, S., 2017, Interpretation of Iranian code of practice for seismic resistant design of
building (standard No. 2800, 4th edition).

26- Benli, B., and Celik, 1., 2023, Surface Modification and Analysis of St37 Steel with Al203-
TiO2, ZrO2, and Cr203 Ceramic Coatings: Structural, Mechanical, and Tribological Properties,
Tribologt International, 191, 109183. doi:10.1016/j.triboint.2023.109183.

27- Chen, W.F., and Kim, S.E., 1998, Design of Steel Structures with LRFD Using Advanced
Analysis. In: Usami T, Itoh YBT-S and D of SS (SDSS’97), Oxford: Pergamon, 153-166.
doi:10.1016/B978-008043320-2/50015-0.

16



Advance Researches in Civil Engineering @%

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

28- Esper, P., and Tachibana, E., 1998, Lessons from the Kobe earthquake. Geol Soc London,
Enginering Geology Special Publications, 15, 105-16. doi:10.1144/GSL.ENG.1998.015.01.11.
29- Han, P.P., Kim, B., 2019, Experimental verification of methods for converting acceleration
data in high-rise buildings into displacement data by shaking table test, Application Science, 9,
1653. https://doi.org/10.3390/app9081653.

30- O’Reilly, G.J., and Goggins, J., Experimental testing of a self-centring concentrically braced
steel frame, Engineering Structure, 238, 111521. doi:10.1016/j.engstruct.2020.111521.

31- Seker, O., 2022, Seismic response of dual concentrically braced steel frames with various
bracing configurations, Journal of Construction Steel Research, 188, 107057.
doi:10.1016/j.jcsr.2021.107057.

32- Nassani, D.E., Hussein, A., and Mohammed, A., 2017, Comparative Response Assessment of
Steel Frames With Different Bracing Systems Under Seismic Effect, Structures, 11.
doi:10.1016/j.istruc.2017.06.006.

33- Bradley, C.R., Fahnestock, L.A., and Hines, E.M., 2021, Dual system design for a low-ductility
concentrically braced frame with a reserve moment frame, Structures, 34, 3315-3328.
doi:10.1016/j.istruc.2021.09.009.

34- Faytarouni, M., Shen, J., Seker, O., Akbas, B., 2019, Evaluation of brace fracture models in
seismic analysis of concentrically braced frames, Journal of Construction Steel Research, 162,
105709. doi:10.1016/j.jcsr.2019.105709.

35- Zhou, Z., Ke, K., Chen, Y., and,Yam, M.C.H., 2022, High strength steel frames with curved
knee braces: Performance-based damage-control design framework, Journal of Construction Steel
Research, 196, 107392. doi:10.1016/j.jcsr.2022.107392.

36- Li, S., Xu, T., Li, X., Liang, G., and Xi, H., 2023, Elastic stiffness and bearing mechanism of
eccentrically braced steel frames, Structures, 55, 818-833. doi:10.1016/j.istruc.2023.06.065.

37- Shen, J., Wen, R., and Akbas, B., 2014, Mechanisms in two-story X-braced frames, Journal of
Construction Steel Research, 106, 258-277. doi:10.1016/j.jcsr.2014.12.014.

17



