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 The experience of previous earthquakes has shown that reinforced concrete 
frames are susceptible to earthquake damage; therefore, several techniques 
have been suggested by researchers to enhance their efficiency. Although the 
reinforcement of RC frames with concentric braces does enhance the frame's 
stiffness and lateral resistance, it does not have much effect on its ductility. 
Hence, in this article, an I-shaped shear link as a damper is investigated with the 
aim of strengthening RC frames. This damper designed for ease of production 
and post-earthquake replacement, not only improves the frame's stiffness and 
resistance, but also augments its ductility and plastic behavior. Considering that 
the damage is expected to be limited in the damper, other structural components 
will remain in the elastic region. Although the addition of such dampers 
increases the ductility, it reduces the stiffness of the system. To compensate for 
this weakness, the damper using low yield point (LYP) steel is discussed and 
investigated. Furthermore, the effect of the thickness of the damper flanges on 
the seismic behavior of the frame is examined. The results show that the use of 
LYP steel in the construction of the studied shear damper can improve the 
stiffness and resistance of the reinforced concrete frame as well as the amount 
of energy dissipation. However, the mere use of LYP steel does not guarantee the 
improvement of the frame's behavior, and this is subject to the thickness of the 
damper’s flanges. 
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1. Introduction  

During recent severe earthquakes, reinforced concrete (RC) structures experienced 
structural damage at various levels due to the lack of ductility, insufficient strength, etc. [1-
3]. Consequently, the losses caused by these major earthquakes highlight the importance 
of further investigation to enhance the seismic performance of RC structures.  

The improvement of the seismic response of RC buildings using the base isolation 
technique has been studied by various researchers, including Kontoni & Farghaly [4], 
Farghaly & Kontoni [5], and Belbachir et al. [6]. The mitigating effect of tuned mass 
dampers (TMDs) on the seismic response of RC high-rise buildings, considering soil-
structure interaction (SSI), has been investigated by Kontoni & Farghaly [4], Farghaly & 
Kontoni [5], etc. Moreover, the mitigation of seismic pounding between RC high-rise 
buildings, considering SSI, through the use of base isolation, tuned mass dampers (TMDs) 
and pounding tuned mass dampers (PTMDs) has been explored by Farghaly & Kontoni [5] 
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and Farghaly & Kontoni [7]. In reinforced concrete buildings with a moment frame system, 
seismic energy is dissipated by relying on the formation of plastic joints at both ends of the 
beam  [8]. Considering that the floor beam, in addition to the task of energy absorption and 
lateral load, is also responsible for gravity load, so it is highly difficult to replace and repair 
it after an earthquake. On the other hand, the lateral and gravity loads increase its 
vulnerability. 

 In many reinforced concrete buildings, a change of use or a change in seismic 
requirements, damages caused after an earthquake, or the need to change the area or the 
number of floors of the buildings, confirm the necessity of retrofitting the buildings. In 
general, the strengthening of reinforced concrete buildings is done by two methods: local 
and general strengthening. Local reinforcements include the use of FRP [9,10], the use of 
steel jackets [11-13], the use of concrete jackets [14-16], the use of UHPC concretes to 
strengthen joints [17-19], and it is also the use of SMA [20,21], which usually do not have 
a significant effect on the stiffness and lateral strength of the structure. In cases where a 
structure needs to increase its stiffness or strength, only using the general strengthening 
method including the addition of structural elements such as steel shear wall [22-24], 
concrete shear wall [24-27], concentric brace [28-30], eccentric brace [30-33], BRB brace 
[34-36], and dampers [37-41] are prevalent. Although the addition of concrete shear walls 
increases the stiffness and lateral resistance, it brings disadvantages such as increasing the 
weight of the structure, complexity of implementation and formatting, and disturbance in 
the use of the building. Furthermore, despite the efficiency and adaptability of steel shear 
walls, employing steel sheets as the primary load-bearing component leads to the 
transmission of high stresses to the surrounding frame. This requires beams and columns 
with a high moment of inertia, which may sometimes be unachievable. It should be noted 
that convergent braces also do not perform well against bidirectional loads, so it has not 
been accepted as a successful method, particularly in areas with a high risk of earthquakes. 
On the other hand, the eccentrically braced frame (EBF) system is another method which 
has exhibited good ductility during previous earthquakes. Nevertheless, due to the fact that 
the connecting beam is integrated into the floor beam in this system, repairing or replacing 
the connecting beam after a severe earthquake is complicated [42]. Also, the shear capacity 
of the connecting beam causes significant axial forces to be applied to the columns around 
the brace, which must be considered in the design and seismic analysis process. 
Researchers addressed the complexities related to the construction and design of the 
diverging system by employing a perpendicular shear link at the junction of the beam and 
braces (beneath the beam). In the new system with vertical shear link (V-EBF), the shear 
link is not subjected to axial loading and this system is known as an alternative strategy for 
improving the seismic behavior and strengthening of reinforced concrete buildings.  After 
the initiative of V-EBF, some researchers have suggested metal dampers such as added 
stiffness and damping dampers (ADAS), oval added stiffness and damping (EDAS), 
triangular added stiffness and damping (TADAS),  U-shaped, ring, box and other types of 
dampers, in order to improve the behavior of convergent frame braces (CBF). 

 In the last few decades, the philosophy of designing important buildings against 
earthquakes has shifted from traditional and conventional methods, which are solely 
focused on increasing the strength and stiffness of the structure, to the use of energy 
dissipation systems. In the modern approach to designing structures, engineers constantly 
strive to enhance the structure's plasticity by utilizing some items of equipment known as 
dampers and energy absorbers. In this design philosophy, dampers act as a fuse and are 
yielded earlier than the rest of the members in order to prevent the occurrence of large 
non-linear deformations in the main members. This design approach is especially 
important in regions with high seismic activity, as it not only ensures the stability of the 
structure during an earthquake, but also allows for the replacement of energy-absorbing 
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components without damaging the remaining primary elements. As a result, the costs 
associated with repairing and reconstructing structures after an earthquake could be 
significantly reduced. By incorporating energy dissipation systems in a well-planned and 
suitable design, numerous benefits can be attained in both the construction of new 
buildings and the retrofitting of existing ones. With regard to these advantages, the 
following can be mentioned: increasing the damping and energy absorption of the 
structure, significantly reducing the acceleration and relative displacement of the floors, 
minimizing disruptions in structural service, reducing destructive deformations in 
structural and non-structural components, and minimizing damages related to internal 
equipment. These advantages encompass a significant increase in the structure's damping 
and energy dissipation, leading to a considerable reduction in floor acceleration and 
relative displacement.  

There are various types of dampers, including friction dampers, viscous dampers, metal 
dampers, buckling dampers, and others. Energy dissipation in the mentioned systems has 
different mechanisms compared to each other. Among the existing steel dampers, shear 
dampers are of more interest due to their ease of construction, installation, repair and 
replacement after an earthquake, as well as their favorable performance in seismic 
behavior confirmed by laboratory and numerical studies. With the addition of a damper to 
the bracing member, the stiffness is obtained from the sum of the stiffness of the equivalent 
series springs.  Based on this, although the utilization of shear dampers directly connected 
to the braces can prevent the buckling of the diagonal members within the concentric 
frame and enhance the system's energy absorption capacity, this approach simultaneously 
reduces the elastic stiffness of the lateral load-bearing system.  

In this study, the effect of using LYP steel, in an I-shaped shear link, as a method to increase 
the seismic performance of the RC frame in terms of ultimate strength, stiffness, energy 
absorption and ductility is investigated. For the considered I-shaped shear link used as a 
damper, twelve models with different thicknesses of the damper’s flanges and also various 
combinations of steel types (ST37 and LYP) have been compared to determine to what 
extent the RC frame is influenced and in which cases its seismic performance is notably 
improved. 

2. Damper Details 

Although the acceptable performance of the damper under seismic loading is an important 
factor in evaluating the damper as a ductile element under the influence of seismic loads, 
the ease of construction, installation, and replacement after an earthquake are also 
considered as other important factors in the assessment of the damper. Thus, the damper 
shown in Figure 1 is suggested to strengthen the reinforced concrete frames, which fulfills 
both important factors of ease of construction and installation. As shown in Figure 1, these 
dampers are connected to the beginning of the concentrically braced elements, and by 
being yielded before the beam elements prevent their buckling. Therefore, it is expected to 
act like a ductile fuse. Also, their placement is such that they can be easily replaced after a 
severe earthquake. 

For the construction of this damper, the use of both ST37 steel and LYP steel is feasible. 
The use of low yield point (LYP) steel is preferred for two reasons: 1) Although the system 
strength using low yield point steel is equal to that of conventional steels, the shear 
displacement of the system using LYP steel is less than that of other high carbon steels. 2) 
The ductility and energy dissipation capacity of LYP steel are much higher than 
conventional steel. 

According to AISC 341-16, the damper's performance as a shear link is classified into three 
modes: Shear mechanism in the case that ρ ≤ 1.6, shear-flexural mechanism in the case that 
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2.6 > ρ > 1.6, and flexural mechanism by ρ ≥ 2.6, where ρ = 
𝑒

𝑀𝑝 𝑉𝑝⁄
. Studies in this field [43-

46] have indicated that I-shaped links with shear yielding demonstrate better performance 
than links with flexural yielding; therefore, it is suggested that the proposed damper 
should be designed in such a way that the shear yielding mode occurs. Regarding article 
F3.5b.2 of AISC 341-16, design shear strength is determined using the expression of 𝑉𝑛𝜙𝜈 . 
Since the shear mechanism used for the damper is 𝑉𝑛 = 𝑉𝑝, in this case, according to AISC 

341-16 regulations, its shear strength is calculated from Equation (1):  

𝑉𝑝 = 0.6 𝐹𝑦𝑤𝐴𝑤 (1) 

In Equation (1), the net section area of the web, 𝐴𝑤, equals 𝑏𝑡𝑤, where 𝑏 is the net depth of 
the web, and 𝑡𝑤 is the web thickness. Additionally, 𝐹𝑦𝑤 stands for yield stress of the steel 

material utilized in the web. 

 
 

Fig. 1. Proposed damper 

Although in AISC 341-16, the flange strength in shear capacity is ignored, in this article, 
referring to previous studies [47-50], the contribution of the flange in the shear capacity 
of the damper has been considered. Since two I-shaped dampers are utilized in the 
construction of the damper, a factor of 2 is applied; therefore, the shear capacity (𝑉𝑑) of the 
damper is suggested as follows: 

𝑉𝑑 = 2(𝑉𝑝+𝑉𝑓) (2) 

In the above relationship, 𝑉𝑓 is the shear capacity of the flange, which can be calculated 

from Equation (3). 

𝑉𝑓 =
4𝑀𝑓

ℎ
 (3) 

In above Equation (3), ℎ represents the shear link height, which is shown in Figure 1. 
Additionally, 𝑀𝑓 denotes the flexural capacity of the damper flange, which is obtained from 
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Equation (4), where 𝐹𝑦𝑓 represents the yield stress of the material of the flanges. Moreover, 

𝑏𝑓  and 𝑡𝑓 stand for flanges width and thickness, respectively. 

 𝑀𝑓 =  
𝑏𝑓𝑡𝑓

2

4
𝐹𝑦𝑓 

(4) 

𝑉𝑑𝑒𝑠𝑖𝑔𝑛 = 𝑚𝑎𝑥 {
1.25𝑅𝑦𝑉𝑑

𝛺𝑉𝑑
 (5) 

After designing the shear damper, the brace has been designed for the intensified force 
according to Equation (5). The purpose of brace design for a force greater than the capacity 
of the damper is to yield the damper before the diagonal of the damper to ensure the fuse-
like operation of the damper. In the above relation, 𝑅𝑦 and 𝛺 are the ratio of ultimate stress 

to the yield stress of the damper material, and the over-strength factor of the damper, 
respectively. 

3. Method of Study 

In this article, a fixed thickness of 6 mm was considered for the damper web in all the 
examined models in the case that the steel type used is ST37, because when the steel 
material is changed to LYP, the thickness corresponding to the yield stress needs to be 
modified. Other dimensions of the damper such as the height of the web and the width of 
the flanges are unchanged in the studied models, while the thickness effect of the flange 
was examined in different cases with different steel materials. First, a damper was 
designed as a base model, in which the thickness of the web is 6 mm, the thickness of the 
flange is 20 mm, the width of the flange is 150 mm, and the depth of the web is 150 mm. 
After calculating the shear capacity of the brace using Equation (5), the steel braces within 
the reinforced concrete frame were designed for the obtained shear force, which was 
considered 2UNP120 for each brace. Then, the longitudinal and transverse reinforcements 
of the reinforced concrete frame were designed with the initial assumption of beam and 
column sections of 400×400 (𝑚𝑚2).  

Table 1. Material properties of steel sections 

Material 
Yield stress, 

𝐹𝑦 (𝑀𝛲𝑎) 

Ultimate tensile 
strength,  
𝐹𝑢(𝑀𝛲𝑎) 

Modulus of 
elasticity, 
E (𝑀𝛲𝑎) 

Ultimate 
strain 

ST37 240 370 200000 0.065 
Rebar (Ø10) 486 600 210000 0.15 

LYP100 100 257 153100 0.02 
 

The details of reinforcements were designed for the lateral horizontal force resulted from 
the combined effects of the braces forces designed using ETABS [51] software. Figure 2 
illustrates the specific details of the designed frame, and Table 1 provides the material 
specifications. To assess the impact of flange thickness on the shear strength of the damper, 
keeping other variables constant, dampers with a flange thickness of 5, 10, and 15 mm 
were analyzed. Also, to evaluate the effect of the type of steel on the performance of the 
system, dampers with two types of steel, ST37 and LYP, were investigated. Considering 
that the yield strength of LYP steel is about 2.4 times less than that of ST37, therefore, when 
using LYP, the thickness of that section was increased by 2.4 times to keep the shear 
strength constant. In Figure 2, details related to the dimensions of the concrete frame, the 
diagonal elements of the brace, and the dimensions and information of the beam and 
column sections can be observed. Within the ABAQUS [52] software, a single-floor frame 
(with one opening) was modeled and analyzed from the mentioned frame. 
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Fig. 2. Details of the frame (Dimensions in mm) 

4. Numerical Study 

4.1. Numerical Models 

As described in the previous section, twelve models were analyzed, and categorized into 
four groups: 1) three damper models made of ST37 with flange thicknesses of 5mm, 10mm 
and 15mm, along with a 6mm web thickness; 2) three damper models with flange 
thicknesses of 5mm, 10mm and 15 mm made of ST37 steel, and the corresponding web 
thickness of 15 mm made of LYP100 steel; 3) three damper models with flanges and webs 
made of LYP, featuring flange thicknesses of 5mm, 10mm and 15mm, and a web thickness 
of 15mm; 4) three damper models with both the web and flanges made of LYP100 material, 
featuring flange thicknesses of 12mm, 24mm, and 36mm, and a web thickness of 15mm. It 
is necessary to mention that when changing the steel material from ST37 to LYP100, the 
corresponding thickness related to the yield stress must be taken into account. In other 
words, the web thickness of 6mm, which is initially used with ST37 steel, should be 
adjusted in order to account for the change in steel type to LYP100 with the coefficient 
𝐹𝑦𝑤(ST37)

𝐹𝑦𝑤(𝐿𝑌𝑃)
=

240

100
= 2.4; therefore, when using LYP steel for the damper web, the thickness of 

the web is increased in this way: 6 × 2.4 = 14.4 ≅ 15𝑚𝑚. Thus, the thickness of the 
components whose steel is changed from ST37 to LYP100 is modified in the mentioned 
way. Since the value of the parameter b, representing the depth of the I-shaped section, is 
constant in all models, according to Equation (1), the shear capacity in both corresponding 
cases is equal to each other. Table 2 displays the details related to the thickness and the 
utilized steel of the damper components in the studied models. In this Table, for each 
numerical model, a name has been chosen as 𝑀𝑓‐ 𝑡𝑓‐ 𝑀𝑤‐ 𝑡𝑤, which respectively represents 
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the material type of the flange plate, the thickness of the flange plate, the material type of 
the web plate, and the thickness of the web plate.  

Table 2. Properties of models 

Model 𝑡𝑓(𝑚𝑚) 𝑡𝑤(𝑚𝑚)  𝑀𝒇 𝑀𝒘 

S-5-S-6 5 6 ST37 ST37 

S-10-S-6 10 6 ST37 ST37 

S-15-S-6 15 6 ST37 ST37 

S-5-L-15 5 15 ST37 LYP100 

S-10-L-15 10 15 ST37 LYP100 

S-15-L-15 15 15 ST37 LYP100 

L-5-L-15 5 15 LYP100 LYP100 

L-10-L-15 10 15 LYP100 LYP100 

L-15-L-15 15 15 LYP100 LYP100 

L-12-L-15 12 15 LYP100 LYP100 

L-24-L-15 24 15 LYP100 LYP100 

L-36-L-15 36 15 LYP100 LYP100 
 

4.2. Verification of Finite Element Results 

In this article, the ABAQUS [52] software was used to simulate numerical models. In order 
to ensure the accuracy of the modeling and analysis of the finite element models, the 
laboratory test of TahamouliRoudsari et al. [53] was chosen for validation, which is similar 
to the model discussed in this article in terms of boundary conditions and the use of steel 
elements in the concrete frame. In Figure 3, the finite element modeling of the laboratory 
model derived from the referenced article [53] is displayed. 

 

Fig. 3. The stress status of the validated FE model 

The geometric and mechanical details, as well as the loading and boundary conditions, 
were applied according to the referenced paper [53] in the ABAQUS [52] software. Solid 
elements were used for modeling concrete elements, while shell elements were utilized for 
modeling the brace and gusset plates. Comparing the experimental results of 
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TahamouliRoudsari et al. [53] and the finite element results, as presented in Figure 4, 
shows the high accuracy of the FE modeling. 

 

Fig. 4. Comparing the results of the experimental test model with the FE model 

5. Results and Discussion 

5.1. Investigating the Effect of Flanges Thickness on The Stiffness and Strength 
of The Studied Frame 

The push-over and bilinear curves of the models can be seen in Figures 5, 6 and 8 in terms 
of investigating the effect of increasing the flanges thickness. In the models of the diagram 
in Figure 5, a comparison has been made between the models in which all damper 
components are made of ST37 steel. The diagrams in Figure 6 are related to the models in 
which the damper web is made of LYP steel, and the damper flanges are made of ST37. The 
graphs in Figure 8 compare the models in which the entire damper components are made 
of LYP steel. Also, all the results of the analysis of the models are given in Table 3.  

In Figure 5, as the thickness of the damper flanges increases, the slope of the bilinear curves 
in the elastic region, which represents the stiffness of the frame, also increases. Moreover, 
the increase in the ultimate strength of the studied frame with the increase in the thickness 
of the flanges is clearly observable in this diagram. According to Table 3, by increasing the 
flanges thickness from 5 mm to 10 mm, the frame stiffness is increased by 8 percent. 
Furthermore, with an increase in the flanges thickness from 5 mm to 15 mm, the 
percentage increase in stiffness reaches 16%. This indicates that in models where all the 
damper components are made from ST37, the frame stiffness is improved by increasing 
the flanges thickness from 5 mm to 15 mm. Regarding the system shear strength, based on 
Table 3, it can be inferred that a rise in the flanges thickness from 5 mm to 10 mm results 
in a 13% growth in shear strength. This percentage increase in strength, when the flanges 
thickness of damper changes from 5 mm to 15 mm, reaches 25%. Therefore, in the group 
of models where all damper components are made of ST37, the final strength of the frame 
improves with an increase in the thickness of the flanges. 

According to the graphs in Figure 6, it can be seen that with the growth in the thickness of 
the damper flanges, the stiffness of the system is grown. Although the stiffness of the 
system in this group, in which the damper is made of LYP, is increased with the rise of the 
thickness of the flanges, the ultimate strength of the system is decreased. As the values in 
Table 3 show, the stiffness of the frame rises by 5% as the thickness of the damper flanges 
is increased from 5 mm to 10 mm, and this stiffness growth in the case where the thickness 
of the damper flanges is increased from 5 mm to 15 mm, is reached 11 percent. However, 
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by increasing the thickness from 5 mm to 10 mm, the shear strength of the system has 
decreased by 3%, and by increasing the thickness of the damper flanges from 5 mm to 15 
mm, the system strength has declined by 13%. With regard to Figure 7, it is evident that 
with an increase in the thickness of LYP flanges from 5mm to 10 mm, the ultimate strength, 
stiffness, and energy absorption grow by a percentage of 2-5%. Furthermore, in model L-
15-L-15, despite a negligible decrease in the ultimate strength compared to model L-5-L-
15, the stiffness and energy absorption of the frame show a rise of 9% and 7%, respectively. 

 
(a) 

 
(b) 

Fig. 5. Comparing the models whose dampers are made from ST37: (a) push-over 
curves, (b) bilinear graphs of (a) 

By analyzing the graphs in Figure 8, it can be observed that by increasing the thickness of 
the damper flanges from 12 mm (thickness corresponding to 5 mm in the state of flanges 
made from ST37) to 24 and 36 mm (thicknesses corresponding to 10 and 15 mm in the 
state of flanges made from ST37, respectively), the stiffness of the frame is grown. The 
results in Table 3 show that with the rise in thickness from 12 mm to 24 mm, the stiffness 
of the frame is increased by 12%. In addition, when the thickness of flanges changes from 
12 mm to 36 mm, the percentage increase in the frame stiffness reaches 22 percent. 

Additionally, the frame shear strength is reduced by 7% with the increase in the thickness 
of the flanges from 12 mm to 24 mm. However, with the growth in the thickness of the 
flanges from 12 to 36 mm, the system shear strength shows a slight increase of 1%. Thus, 
in the comparison made for Figures 5, 6, and 8, it is concluded that the stiffness rises with 
the growth in the thickness of the flanges. However, considering the impact of increasing 
the flanges thickness on system strength in Figures 6 and 8, it can be inferred that while 
the increase in flanges thickness contributes to a decrease in frame strength, this reduction 
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is generally not a significant magnitude. Consequently, increasing the thickness of the 
flanges within the range of 5 to 15 mm notably enhances the stiffness and strength of the 
analyzed frame in most models. 

 
(a) 

 
(b) 

Fig. 6. Comparing the models whose webs of dampers are only made from LYP: (a) 
push-over curves, (b) bilinear graphs of (a) 
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(b) 

Fig. 7. Comparing the models whose all plates of dampers are made from LYP: (a) 
push-over curves, (b) bilinear graphs of (a) 

 

 

(a) 

 

(b) 

Fig. 8. Comparing the models whose all plates of dampers are made from LYP: (a) 
push-over curves, (b) bilinear graphs of (a) 
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Table 3. Comparison of values based on increasing thickness of damper’s flanges 

Model 
Ultimate 
strength,  
𝑉𝑢 (𝑘𝛮) 

  𝜓∗ 
Stiffness,  

K (
𝑘𝑁

𝑚𝑚
) 

𝜓∗ 
Energy 

absorption,  
EA (kN.mm) 

𝜓∗ 

S-5-S-6 1071.07  111.97  69173.37  
S-10-S-6 1212.41 1.13 121.42 1.08 76624.23 1.11 

S-15-S-6 1334.32 1.25 129.9 1.16 85364.20 1.23 

S-5-L-15 1429.48  123.47  97219.09  

S-10-L-15 1383.14 0.97 129.86 1.05 101297.78 1.04 

S-15-L-15 1238.69 0.87 136.49 1.11 99172.13 1.02 

L-5-L-15 1398.27  117.68  94894.65  

L-10-L-15 1424.61 1.02 122.34 1.04 98176.37 1.03 

L-15-L-15 1358.46 0.97 128.47 1.09 101185.11 1.07 

L-12-L-15 1355.99  128.19  101021.76  

L-24-L-15 1258.93 0.93 143.52 1.12 100176.55 0.99 

L-36-L-15 1366.79 1.01 156.3 1.22 107409.77 1.06 

* The ratio of values to the base model in each category. 

5.2. Investigating The Effect of Flanges Thickness on The Behavior Factor and 
Over-Strength Coefficient of The Studied Frame 

In Table 4, the results of the behavior factor and over-strength coefficient related to the 
investigated models are evident. In the group of models in which the entire damper plates 
are made of ST37 steel, with the increase in flanges thickness from 5 mm to 10 mm and 15 
mm, the coefficient of behavior is increased by a negligible amount of 1% and 3% 
(respectively). Regarding the over-strength coefficient, by increasing the flanges thickness 
from 5 mm to 10 mm, no significant effect can be seen in this parameter (one percent 
decrease). 

Table 4. Comparison of behavior factor (R) and over-strength (Ω) based on increasing 
damper’s flange 

Model R 𝜓∗ Ω 𝜓∗ 

S-5-S-6 10.37  1.65  

S-10-S-6 10.49 1.01 1.63 0.99 

S-15-S-6 10.7 1.03 1.74 1.05 

S-5-L-15 11.7  2.37  

S-10-L-15 11.65 0.99 2.6 1.10 
S-15-L-15 11.25 0.96 2.65 1.12 

L-5-L-15 11.85  2.43  

L-10-L-15 11.83 0.99 2.48 1.02 

L-15-L-15 11.72 0.98 2.68 1.10 

L-12-L-15 11.72  2.69  

L-24-L-15 11.02 0.94 2.52 0.94 

L-36-L-15 10.95 0.93 2.44 0.91 

* The ratio of values to the base model in each category. 
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Also, by increasing the thickness of the flanges from 5 mm to 15 mm, this coefficient is 
increased by 5 percent. In the second group of models in which only the web plate of the 
damper is made of LYP, by increasing the thickness of the damper flange from 5 mm to 10 
and 15 mm, no significant effect on the behavior coefficient can be seen, while this amount 
of growth in the thickness of the flanges is led to an increase of about 10% in the over-
strength coefficient amount. According to the third group of models with LYP flanges and 
webs, there is no remarkable improvement in the behavior factor (R) by changing the 
thickness of the flanges from 5mm to 10mm and 15mm. However, model L-15-L-15 
indicates a growth of 10% in the over-strength factor (Ω) in comparison with model L-5-
L-15. Also, in the group of models where the entire damper plates are made of LYP, the 
increase in the thickness of the damper flanges results in a 6-7% decrease in the behavior 
coefficient. Also, this trend in the thickness of the damper flanges leads to a decrease in the 
over-strength coefficient (a decrease between 5 and 10%). 

5.3. Investigating The Impact of Damper Steel Type on The Strength, Stiffness, 
And Energy Absorption of The Analyzed Frame 

In Figures 9 to 23, the models have been compared to examine the impact of steel type on 
the structural parameters of the system. Figure 9 clearly demonstrates the positive effect 
of using LYP steel in the damper. The stiffness of model S-5-L-15 increases by 10% 
compared to the base model in this group (S-5-S-6). Additionally, the frame strength in this 
comparison rises by 33%. 

In Figure 10, a comparison has been made between the model in which all damper 
components are made from LYP and the case where all damper components are made of 
ST37. The positive effect of using steel with low yield stress on stiffness and strength can 
be seen in this diagram. As it is evident from Table 5, using LYP steel in all damper 
components results in a 14% growth in system stiffness and a 27% increase in ultimate 
strength. It can be observed that this process of enhancing stiffness and strength is 
apparent in the remaining diagrams, except for the model in Figure 22. According to the 
diagram in Figure 22 and as indicated in Table 5, the model with the characteristic S-15-L-
15, compared to the base model of this group (S-15-S-6), has shown a 7% reduction in 
strength. As a result, it can be generally concluded that when steel with low yield stress is 
used in the damper components, although in some cases the ultimate strength value may 
decrease by less than 10%, the system's overall improvement is evident across all 
comparisons in terms of system stiffness. Moreover, according to Table 5 and the 
comparative Figures in this section, the system's energy absorption is significantly 
improved due to the usage of LYP in the damper web or the entire damper, instead of using 
ST37 steel.  

Regarding to Figures 13 to 15, the models in the third group show better performance in 
terms of energy absorption and ultimate resistance than the ST37 models (the first group 
of models). In this comparison, the stiffness of the frame is almost constant and without 
significant change. According to Figures 16 to 18, the third group of models does not show 
a remarkable difference in ultimate strength, stiffness, and energy absorption when they 
are compared to the second group peer-to-peer. However, Figure 24 shows that the stress 
distribution in the third group is significantly better than in the second group. While 
Figures 19 to 21 and Figure 24 demonstrate that the fourth group of models exhibits higher 
stiffness and energy absorption compared to the third group, the stress distribution in the 
studied frame is more favorable when using the third group of damper models.  
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Fig. 9. Comparing S-5-S-6 with S-5-L-15 

 

Fig. 10. Comparing S-5-S-6 with L-12-L15 

 

Fig. 11. Comparing S-10-S-6 with S-10- L-15 
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Fig. 12. Comparing S-10-S-6 with L-24-L-15 

 

Fig. 13. Comparing S-5-S-6 with L-5-L-15 

 

Fig. 14. Comparing S-10-S-6 with L-10-L-15 
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Fig. 15. Comparing S-15-S-6 with L-15-L-15 

 

Fig. 16. Comparing S-5-L-15 with L-5-L-15 

 

Fig. 17. Comparing S-10-L-15 with L-10-L-15 
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Fig. 18. Comparing S-15-L-15 with L-15-L-15 

 

Fig. 19. Comparing L-12-L-15 with L-5-L-15 

 

Fig. 20. Comparing L-24-L-15 with L-5-L-15 
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Fig. 21. Comparing L-36-L-15 with L-5-L-15 

 

Fig. 22. Comparing S-15-S-6 with S-15-L-15 

 

Fig. 23. Comparing S-15-S-6 with L-36-L-15 
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Table 5. The structural parameters of the LYP damper divided by the parameters of the 
ST37 damper 

Model 
Ultimate 
strength, 
𝑉𝑢(𝑘𝑁) 

 𝜓∗  𝜓∗∗ 
Stiffness, 

K (
𝑘𝑁

 𝑚𝑚
) 

 𝜓∗  𝜓∗∗ 
Energy 

Absorption, 
EA (kN.mm) 

   𝜓∗ 𝜓∗∗ 

S-5-S-6 1071.07   111.97   69173.37   

S-10-S-6 1212.41   121.42   76624.23   

S-15-S-6 1334.32   129.9   85364.20   

S-5-L-15 1429.48 1.33  123.47 1.10  97219.09 1.41  

S-10-L-15 1383.14 1.14  129.86 1.07  101297.78 1.32  

S-15-L-15 1238.69 0.93  136.49 1.05  99172.13 1.16  

L-5-L-15 1398.27 1.30 0.98 117.68 1.05 0.95 94894.65 1.37 0.98 

L-10-L-15 1424.61 1.18 1.03 122.34 1.01 0.94 98176.37 1.28 0.97 

L-15-L-15 1358.46 1.02 1.10 128.47 0.99 0.94 101185.11 1.18 1.02 

L-12-L-15 1355.99 1.27 0.95 127.98 1.14 1.04 101021.76 1.46 1.04 

L-24-L-15 1258.93 1.04 0.91 125.3 1.03 0.96 100176.55 1.31 0.99 

L-36-L-15 1366.79 1.02 1.10 140.89 1.08 1.03 107409.77 1.26 1.08 

  𝝍∗: (
𝑆,𝐿−𝑖−𝐿−15

𝑆−𝑖−𝑆−6
),  𝝍∗∗:  (

𝐿−𝑖−𝐿−15

𝑆−𝑖−𝐿−15
)   

 

5.4. Investigating The Impact 0f Damper Steel Type on The Behavior Factor and 
Over-Strength Coefficient of The Analyzed Frame 

Referring to Table 6, while the utilization of steel with low yield stress, either in the damper 
web or in all its components, increases the behavior factor to some extent, the substantial 
rise in the values of the over-strength coefficient is more significant (approximately an 
increase of 40% and 60%).  

Table 6. Behavior factor (R) and over-strength (Ω) coefficient of the LYP damper divided 
by factors of the ST37 damper  

Model R   𝜓∗  𝜓∗∗ Ω   𝜓∗       𝜓∗∗ 

S-5-S-6 10.37   1.65 
 

 
S-10-S-6 10.49   1.63 

 

 
S-15-S-6 10.7   1.74 

 

 
S-5-L-15 11.7 1.13  2.37 1.44  

S-10-L-15 11.65 1.11  2.6 1.60  

S-15-L-15 11.25 1.05  2.65 1.52  

L-5-L-15 11.85 1.14 1.01 2.43 1.47 1.03 

L-10-L-15 11.83 1.13 1.02 2.48 1.52 0.95 

L-15-L-15 11.72 1.10 1.04 2.68 1.54 1.01 

L-12-L-15 11.72 1.13 1 2.69 1.63 1.14 

L-24-L-15 11.02 1.05 0.946 2.52 1.55 0.97 

L-36-L-15 10.95 1.02 0.973 2.44 1.40 0.92 

  𝝍∗: (
S, L − i − L − 15

S − i − S − 6
),   𝝍∗∗: (

L − i − L − 15

S − i − L − 15
) 
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Consequently, the use of LYP steel instead of ST37 elevates the behavior and over-strength 
coefficients of the studied frame, and this elevation is more pronounced in the case of the 
over-strength coefficient. 

5.5. Reviewing the Stress Distribution In Structural Members 

To consider the impact of adding the proposed damper to the RC frame on the stress 
distribution, the status of the stresses is shown in Figure 24. The stresses in the RC frame 
and the steel elements are shown separately for each case to provide a clearer 
understanding of the stress distribution. Referring to Figure 24, in the cases of (a), (b) and 
(c), the dampers are obviously yielded, whereas the other parts of the structures remain 
elastic. Since the studied frame in this paper was designed based on the capacity of the 
damper made of ST37 steel (as described in section 3), in the presented models in which 
all damper components are made of ST37 steel, the provided equation (5) for the damper 
design is satisfied, and the damper acts as a ductile fuse, as was shown in Figures 24(a), 
24(b), and 24(c). 

On the other hand, by utilizing LYP steel, in some cases such as (e), (f), (k) and (l), stress is 
transferred from the damper to the brace elements. This difference in stress distribution 
of ST37 and LYP models, despite identical shear capacities for ST37 and LYP models, is due 
to the distinct behavior of LYP steel. In fact, it is expected that based on the equations 
proposed to predict the shear behavior of each shear plate (or shear link), the shear 
capacity will be obtained based on the yield stress and its thickness. Therefore, to maintain 
this shear strength in both types of ST37 and LYP dampers, the same capacity was 
considered to predict and evaluate their nonlinear behavior. Expected results according to 
Figure 24 show that owing to the strain-hardening impact of the LYP steel, the ultimate 
strength of the LYP dampers is greater than the expected value. For this reason, if the LYP 
damper is designed based on the relationships governing the ST37 damper, the damper 
may cause buckling of the brace elements. Therefore, the members outside the LYP damper 
should be designed for amplified forces. Additionally, the LYP models exhibited higher 
energy absorption, stiffness, ultimate strength, behavior factor, and over-strength 
compared to the ST37 models, as shown in Table 5, demonstrating LYP effectiveness in 
enhancing the seismic performance. The LYP models (g), (h) and (i) with lower thickness 
of flanges indicate better status of stress distribution compared to models (j), (k), and (l), 
which suggests that the mere use of LYP steel does not guarantee the improvement of the 
frame's behavior, and this is subject to the thickness of the damper’s flanges. 

  

(a) S-5-S-6 



Hadidi et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

21 

  

(b) S-10-S-6 

  

(c) S-15-S-6 

  

(d) S-5-L-15 

  

(e) S-10-L-15 
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(f) S-15-L-15 

  

(g) L-5-L-15 

  

(h) L-10-L-15 

  

(i) L-15-L-15 
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(j) L-12-L-15 

  

(k) L-24-L-15 

  

(l) L-36-L-15 

Fig. 24. Distribution of stresses 

6. Conclusions 

In this paper, the effects of the steel type and the thickness of the damper flanges, 
pertaining to an I-shaped shear link, on the ultimate strength, stiffness, energy absorption, 
behavior factor, and over-strength coefficient were investigated. The findings are 
summarized in the following: 

• In the group of models where all damper components are made of ST37 steel, an 
increase in the thickness of damper flanges leads to an increase in the system's 
stiffness, ultimate strength, and energy absorption. Furthermore, this growth in 
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damper flange thickness indicates an increase in the behavior and over-strength 
coefficient by 1 to 5 percent. 

• With reference to the models where only the damper web is constructed using LYP 
steel, an increase in the thickness of the damper flanges has led to a decrease in 
ultimate strength by 3 to 13 percent, while the system's stiffness and energy 
absorption are increased. Additionally, the behavior coefficient is decreased by 1 to 
4 percent, while the additional resistance coefficient is increased by 10 percent. 

• In the group of models where the entire damper is made of LYP, increasing the 
thickness of the damper flanges has resulted in a reduction in strength by 
approximately 7 percent. Meanwhile, both stiffness and energy absorption are 
increased. Additionally, there is a decrease of approximately 5 to 10 percent in both 
the behavior coefficient and the over-strength coefficient. 

• Using LYP steel is led to an increase in the parameters of stiffness, ultimate strength, 
energy absorption, behavior coefficient, and over-strength coefficient. However, the 
positive impact of using LYP on the energy absorption parameter and the over-
strength coefficient is more noticeable. This indicates that the use of LYP steel not 
only improves the system's stiffness and strength, but also enhances the energy 
absorption capacity and ductility of the system. 

• The LYP models in the third group demonstrate that using LYP steel enhances the 
seismic behavior of the RC frame in terms of ultimate strength, stiffness, energy 
absorption, behavior factor, and over-strength compared to the ST37 models. 

• A comparison of the third and fourth groups of models reveals that while LYP steel 
can enhance the seismic behavior of the frame, the degree of improvement is 
contingent upon the thickness of the damper plates. 

• The use of LYP steel in the studied I-shaped shear link has a significant role in 
enhancing the performance of concentrically braced reinforced concrete frames in 
terms of ultimate strength, stiffness, ductility, and energy absorption, provided that 
the related equations for the damper design are satisfied.  

Authors’ Contributions 

Conceptualization, methodology, validation, formal analysis, investigation, resources, 
visualization, writing—original draft preparation, writing—review and editing: S.A. and 
D.-P.N.K. Software and Data curation: S.A., D.-P.N.K. and I.K. Supervision and Project 
administration:  D.-P.N.K. All authors read and approved the final manuscript.  

References 

[1] Avcil F, Işık E, İzol R, Büyüksaraç A, Arkan E, Arslan MH, Aksoylu C, Eyisüren O, 
Harirchian E. Effects of the February 6, 2023, Kahramanmaraş earthquake on 
structures in Kahramanmaraş city. Natural Hazards, 2024; 120: 2953–2991. 
https://doi.org/10.1007/s11069-023-06314-1  

[2] Işık E, Avcil F, İzol R, Büyüksaraç A, Bilgin H, Harirchian E, Arkan E. Field 
Reconnaissance and Earthquake Vulnerability of the RC Buildings in Adıyaman during 
2023 Türkiye Earthquakes. Applied Sciences, 2024; 14(7): 2860. 
https://doi.org/10.3390/app14072860 

[3] Akar F, Işık E, Avcil F, Büyüksaraç A, Arkan E, İzol R. Geotechnical and structural 
damages caused by the 2023 Kahramanmaraş Earthquakes in Gölbaşı (Adıyaman). 
Applied Sciences, 2024; 14(5): 2165. https://doi.org/10.3390/app14052165 

[4] Kontoni D-PN, Farghaly AA. The effect of base isolation and tuned mass dampers on the 
seismic response of RC high-rise buildings considering soil-structure interaction. 
Earthquakes and Structures, 2019; 17(4): 425-434. 
https://doi.org/10.12989/eas.2019.17.4.425  

https://doi.org/10.1007/s11069-023-06314-1
https://doi.org/10.3390/app14072860
https://doi.org/10.3390/app14052165
https://doi.org/10.12989/eas.2019.17.4.425


Hadidi et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

25 

[5] Farghaly AA, Kontoni D-PN. Mitigation of seismic pounding between RC twin high-rise 
buildings with piled raft foundation considering SSI. Earthquakes and Structures, 2022; 
22(6): 625-635. https://doi.org/10.12989/EAS.2022.22.6.625 

[6] Belbachir A, Benanane A, Ouazir A, Harrat ZR, Hadzima-Nyarko M, Radu D, Işık E, 
Louhibi ZSM, Amziane S. Enhancing the Seismic Response of Residential RC Buildings 
with an Innovative Base Isolation Technique. Sustainability, 2023; 15(15): 11624. 
https://doi.org/10.3390/su151511624  

[7] Farghaly AA, Kontoni D-PN. Mitigation of seismic pounding between two L-shape in 
plan high-rise buildings considering SSI effect. Coupled Systems Mechanics, 2023; 
12(3): 277-295. https://doi.org/10.12989/csm.2023.12.3.277 

[8] Huang H, Yuan Y, Zhang W, Li M. Seismic behavior of a replaceable artificial controllable 
plastic hinge for precast concrete beam-column joint. Engineering Structures, 2021; 
245: 112848.  https://doi.org/10.1016/j.engstruct.2021.112848 

[9] Naser MZ, Hawileh RA, Abdalla JA. Fiber-reinforced polymer composites in 
strengthening reinforced concrete structures. Engineering Structures, 2019; 198: 
109542. https://doi.org/10.1016/j.engstruct.2019.109542 

[10] Frascadore R, Di Ludovico M, Prota A, Verderame GM, Manfredi G, Dolce M, Cosenza 
E. Local strengthening of reinforced concrete structures as a strategy for seismic risk 
mitigation at regional scale. Earthquake Spectra, 2015; 31(2): 1083-1102. 
https://doi.org/10.1193/122912EQS361M 

[11] Di Trapani F, Malavisi M, Marano GC, Sberna AP, Greco R. Optimal seismic retrofitting 
of reinforced concrete buildings by steel-jacketing using a genetic algorithm-based 
framework. Engineering Structures, 2020; 219: 110864. 
https://doi.org/10.1016/j.engstruct.2020.110864 

[12] Aldhafairi F, Hassan A, Abd-EL-Hafez LM, Abouelezz AEY. Different techniques of steel 
jacketing for retrofitting of different types of concrete beams after elevated 
temperature exposure. Structures, 2020; 28: 713-725. 
https://doi.org/10.1016/j.istruc.2020.09.017 

[13] Villar-Salinas S, Guzmán A, Carrillo J. Performance evaluation of structures with 
reinforced concrete columns retrofitted with steel jacketing. Journal of Building 
Engineering, 2021; 33: 101510. https://doi.org/10.1016/j.jobe.2020.101510 

[14] Vandoros KG, Dritsos SE. Concrete jacket construction detail effectiveness when 
strengthening RC columns. Construction and Building Materials, 2008; 22(3): 264-276. 
https://doi.org/10.1016/j.conbuildmat.2006.08.019 

[15] Alhadid MMA, Youssef MA. Analysis of reinforced concrete beams strengthened using 
concrete jackets. Engineering Structures, 2017; 132: 172-187. 
https://doi.org/10.1016/j.engstruct.2016.11.014 

[16] Nechevska-Cvetanovska G, Roshi A, Bojadjieva J. Seismic strengthening of existing RC 
buildings structures using concrete jacketing and FRP materials. Advances in Civil and 
Architectural Engineering, 2019; 10(19): 68-80.  
https://hrcak.srce.hr/ojs/index.php/acae/article/view/20041 

[17] Jang HO, Lee HS, Cho K, Kim J. Experimental study on shear performance of plain 
construction joints integrated with ultra-high performance concrete (UHPC). 
Construction and Building Materials, 2017; 152: 16-23. 
https://doi.org/10.1016/j.conbuildmat.2017.06.156 

[18] Xue W, Hu X, Song J. Experimental study on seismic behavior of precast concrete 
beam-column joints using UHPC-based connections. Structures, 2021; 34: 4867-4881. 
https://doi.org/10.1016/j.istruc.2021.10.067 

[19] Farzad M, Shafieifar M, Azizinamini A. Experimental and numerical study on bond 
strength between conventional concrete and Ultra High-Performance Concrete 
(UHPC). Engineering Structures, 2019; 186: 297-305. 
https://doi.org/10.1016/j.engstruct.2019.02.030 

https://doi.org/10.12989/EAS.2022.22.6.625
https://doi.org/10.3390/su151511624
https://doi.org/10.12989/csm.2023.12.3.277
https://doi.org/10.1016/j.engstruct.2021.112848
https://doi.org/10.1016/j.engstruct.2019.109542
https://doi.org/10.1193/122912EQS361M
https://doi.org/10.1016/j.engstruct.2020.110864
https://doi.org/10.1016/j.istruc.2020.09.017
https://doi.org/10.1016/j.jobe.2020.101510
https://doi.org/10.1016/j.conbuildmat.2006.08.019
https://doi.org/10.1016/j.engstruct.2016.11.014
https://hrcak.srce.hr/ojs/index.php/acae/article/view/20041
https://doi.org/10.1016/j.conbuildmat.2017.06.156
https://doi.org/10.1016/j.istruc.2021.10.067
https://doi.org/10.1016/j.engstruct.2019.02.030


Hadidi et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

26 

[20] Alam MS, Moni M, Tesfamariam S. Seismic overstrength and ductility of concrete 
buildings reinforced with superelastic shape memory alloy rebar. Engineering 
Structures, 2012; 34: 8-20. https://doi.org/10.1016/j.engstruct.2011.08.030 

[21] Raza S, Shafei B, Saiidi MS, Motavalli M, Shahverdi M. Shape memory alloy 
reinforcement for strengthening and self-centering of concrete structures—State of the 
art. Construction and Building Materials, 2022; 324: 126628. 
https://doi.org/10.1016/j.conbuildmat.2022.126628 

[22] Driver RG, Kulak GL, Elwi AE, Kennedy DL. FE and simplified models of steel plate 
shear wall. Journal of Structural Engineering, 1998; 124(2): 121-130. 
https://doi.org/10.1061/(ASCE)0733-9445(1998)124:2(121) 

[23] Nie J, Fan J, Liu X, Huang Y. Comparative study on steel plate shear walls used in a high-
rise building. Journal of Structural Engineering, 2013; 139(1): 85-97. 
https://doi.org/10.1061/(ASCE)ST.1943-541X.0000613 

[24] Kontoni D-PN, Farghaly AA. Enhancing the Earthquake Resistance of RC and Steel 
High-Rise Buildings by Bracings, Shear Walls and TMDs considering SSI, Asian Journal 
of Civil Engineering, 2023; 24: 2595–2608. https://doi.org/10.1007/s42107-023-
00666-6 

[25] Ile N, Reynouard JM. Nonlinear analysis of reinforced concrete shear wall under 
earthquake loading. Journal of Earthquake Engineering, 2000; 4(02): 183-213. 
https://www.worldscientific.com/doi/pdf/10.1142/S1363246900000102?download
=true 

[26] Mohamed N, Farghaly AS, Benmokrane B, Neale KW. Experimental investigation of 
concrete shear walls reinforced with glass fiber–reinforced bars under lateral cyclic 
loading. Journal of Composites for Construction, 2014; 18(3): A4014001. 
https://doi.org/10.1061/(ASCE)CC.1943-5614.0000393 

[27] Abualreesh AM, Tuken A, Albidah A, Siddiqui NA. Reliability-based optimization of 
shear walls in RC shear wall-frame buildings subjected to earthquake loading. Case 
Studies in Construction Materials, 2022; 16: e00978. 
https://doi.org/10.1016/j.cscm.2022.e00978 

[28] Shen J, Seker O, Akbas B, Seker P, Momenzadeh S, Faytarouni M. Seismic performance 
of concentrically braced frames with and without brace buckling. Engineering 
Structures, 2017; 141: 461-481. https://doi.org/10.1016/j.engstruct.2017.03.043 

[29] Kheyroddin A, Sepahrad R, Saljoughian M, Kafi MA. Experimental evaluation of RC 
frames retrofitted by steel jacket, X-brace and X-brace having ductile ring as a 
structural fuse. Journal of Building Pathology and Rehabilitation, 2019; 4(1): 11. 
https://doi.org/10.1007/s41024-019-0050-z 

[30] Ahiwale DD, Kontoni D-PN, Darekar PL. Seismic performance assessment of 
reinforced concrete frames with different bracing systems. Innovative Infrastructure 
Solutions, 2023; 8(3): 102. https://doi.org/10.1007/s41062-023-01071-3 

[31] Kawamata S, Ohnuma M. Strengthening effect of eccentric steel braces to existing 
reinforced concrete frames. Proceedings of the Seventh World Conference on 
Earthquake Engineering (7WCEE), pp. 513-520, Istanbul, Turkey, 8-13 September 
1980. http://www.iitk.ac.in/nicee/wcee/article/7_vol4_513.pdf 

[32] Ghobarah A, Abou Elfath H. Rehabilitation of a reinforced concrete frame using 
eccentric steel bracing. Engineering Structures, 2001; 23(7): 745-755. 
https://doi.org/10.1016/S0141-0296(00)00100-0 

[33] Omrani R, Kafi MA, Kheyroddin A. Evaluation and Comparison of Divergent and 
Convergent Bracing Performance in Strengthening of Reinforced Concrete Frames. 
Journal of Structural and Construction Engineering, 2021; 8(9): 96-116. 
https://doi.org/10.22065/jsce.2020.211332.2021  

[34] Xie Q. State of the art of buckling-restrained braces in Asia. Journal of Constructional 
Steel Research, 2005; 61(6): 727-748. https://doi.org/10.1016/j.jcsr.2004.11.005 

https://doi.org/10.1016/j.engstruct.2011.08.030
https://doi.org/10.1016/j.conbuildmat.2022.126628
https://doi.org/10.1061/(ASCE)0733-9445(1998)124:2(121)
https://doi.org/10.1061/(ASCE)ST.1943-541X.0000613
https://doi.org/10.1007/s42107-023-00666-6
https://doi.org/10.1007/s42107-023-00666-6
https://www.worldscientific.com/doi/pdf/10.1142/S1363246900000102?download=true
https://www.worldscientific.com/doi/pdf/10.1142/S1363246900000102?download=true
https://doi.org/10.1061/(ASCE)CC.1943-5614.0000393
https://doi.org/10.1016/j.cscm.2022.e00978
https://doi.org/10.1016/j.engstruct.2017.03.043
https://doi.org/10.1007/s41024-019-0050-z
https://doi.org/10.1007/s41062-023-01071-3
http://www.iitk.ac.in/nicee/wcee/article/7_vol4_513.pdf
https://doi.org/10.1016/S0141-0296(00)00100-0
https://doi.org/10.22065/jsce.2020.211332.2021
https://doi.org/10.1016/j.jcsr.2004.11.005


Hadidi et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

27 

[35] Hoveidae N, Rafezy B. Overall buckling behavior of all-steel buckling restrained 
braces. Journal of Constructional Steel Research, 2012; 79: 151-158. 
https://doi.org/10.1016/j.jcsr.2012.07.022 

[36] Zhou Y, Shao H, Cao Y, Lui EM. Application of buckling-restrained braces to 
earthquake-resistant design of buildings: A review. Engineering Structures, 2021; 246: 
112991. https://doi.org/10.1016/j.engstruct.2021.112991 

[37] Dyke SJ, Spencer Jr BF, Sain MK, Carlson JD.  An experimental study of MR dampers for 
seismic protection. Smart Materials and Structures, 1998; 7(5): 693. 
https://doi.10.1088/0964-1726/7/5/012 

[38] Lee D, Taylor DP. Viscous damper development and future trends. The Structural 
Design of Tall Buildings, 2001; 10(5): 311-320. https://doi.org/10.1002/tal.188 

[39] Kaleybar RS, Tehrani P. Effects of using different arrangements and types of viscous 
dampers on seismic performance of intermediate steel moment frames in comparison 
with different passive dampers. Structures, 2021; 33: 3382-3396. 
https://doi.org/10.1016/j.istruc.2021.06.079 

[40] Ghamari A, Kim C, Jeong SH. Development of an innovative metallic damper for 
concentrically braced frame systems based on experimental and analytical studies. The 
Structural Design of Tall and Special Buildings, 2022; 31(8): e1927. 
https://doi.org/10.1002/tal.1927 

[41] Ghamari A, Jeong SH, Thongchom C, Jaya RP. An innovative shear links as dampers 
compound of shear plates and round HSS sections. Journal of Materials Research and 
Technology, 2023; 25: 6134-6149. https://doi.org/10.1016/j.jmrt.2023.07.042 

[42] Vetr MG, Ghamari A. Experimentally and analytically study on eccentrically braced 
frame with vertical shear links. The Structural Design of Tall and Special Buildings, 
2019; 28(5): e1587. https://doi.org/10.1002/tal.1587 

[43] Ghamari A, Kim YJ, Bae J. Utilizing an I-shaped shear link as a damper to improve the 
behaviour of a concentrically braced frame. Journal of Constructional Steel Research, 
2021; 186: 106915. https://doi.org/10.1016/j.jcsr.2021.106915 

[44] Alshimmeri AJH, Kontoni D-PN, Ghamari A. Improving the seismic performance of 
reinforced concrete frames using an innovative metallic-shear damper, Computers and 
Concrete, 2021; 28(3): 275-287. https://doi.org/10.12989/cac.2021.28.3.275 

[45] Ghamari A, Alzeebaree R, Thongchom C. Developing an innovative stiffened shear 
damper for concentrically braced frames. Structures, 2023; 50: 734-744. 
https://doi.org/10.1016/j.istruc.2023.02.079 

[46] Kontoni D-PN, Ghamari A, Thongchom C. Experimental and numerical study of a steel 
plate-based damper for improving the behavior of concentrically braced frames, Steel 
and Composite Structures, 2023; 47(2): 185-201. 
https://doi.org/10.12989/scs.2023.47.2.185 

[47] Ghamari A, Khaloo A. Strengthening the RC Frames Using an Innovative Steel Damper 
with Shear Mechanism. Journal of Concrete Structures and Materials, 2020; 5(2): 16-
31. 
http://www.jcsm.ir/article_119456_336076b0a84b822d34b0dd530a185460.pdf?lan
g=en 

[48] Alshimmeri AJH, Kontoni D-PN, Ghamari A. Improving the Performance of I-Shaped 
Dampers Using Stiffeners. Proceedings of the 9th International Conference on 
Computational Methods in Structural Dynamics and Earthquake Engineering 
(COMPDYN 2023), Athens, Greece, 12-14 June 2023. 
https://files.eccomasproceedia.org/papers/compdyn-
2023/C23_21378.pdf?mtime=20231027201710  

[49] Ghamari A, Thongchom C, Putra Jaya R, Sithole T. Utilizing Low Yield Point Steel to 
Improve the Behavior of the I-Shaped Shear Links as Dampers. Buildings, 2023; 13(2): 
554. https://doi.org/10.3390/buildings13020554 

https://doi.org/10.1016/j.jcsr.2012.07.022
https://doi.org/10.1016/j.engstruct.2021.112991
https://doi.10.1088/0964-1726/7/5/012
https://doi.org/10.1002/tal.188
https://doi.org/10.1016/j.istruc.2021.06.079
https://doi.org/10.1002/tal.1927
https://doi.org/10.1016/j.jmrt.2023.07.042
https://doi.org/10.1002/tal.1587
https://doi.org/10.1016/j.jcsr.2021.106915
https://doi.org/10.12989/cac.2021.28.3.275
https://doi.org/10.1016/j.istruc.2023.02.079
https://doi.org/10.12989/scs.2023.47.2.185
http://www.jcsm.ir/article_119456_336076b0a84b822d34b0dd530a185460.pdf?lang=en
http://www.jcsm.ir/article_119456_336076b0a84b822d34b0dd530a185460.pdf?lang=en
https://files.eccomasproceedia.org/papers/compdyn-2023/C23_21378.pdf?mtime=20231027201710
https://files.eccomasproceedia.org/papers/compdyn-2023/C23_21378.pdf?mtime=20231027201710
https://doi.org/10.3390/buildings13020554


Hadidi et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

28 

[50] Kontoni D-PN, Ghamari A, Kheiri J, Ilia G. An innovative I-shaped low-yield steel shear 
damper directly connected to the concentrically braced frame. Proceedings of the 10th 
Eurosteel Conference (EUROSTEEL 2023), jointly organized by TU Delft, ETH Zurich 
and Bouwen met Staal, and supported by ECCS, Amsterdam, 12-14 September 2023. 
ce/papers - Proceedings in Civil Engineering, 6: 925-929. 
https://doi.org/10.1002/cepa.2604 

[51] ETABS® Version 2015. Integrated Software for Structural Analysis and Design of 
Buildings. Computers and Structures, Inc., Walnut Creek, CA and New York, NY, USA, 
2015. 

[52] ABAQUS Version 6.14. Documentation-Manuals. Dassault Systemes Simulia 
Corporation, Providence, RI, USA, 2014. 

[53] TahamouliRoudsar M, Entezari A, Hadidi M, Gandomian O. Experimental assessment 
of retrofitted RC frames with different steel braces. Structures, 2017; 11: 206-217. 
https://doi.org/10.1016/j.istruc.2017.06.003   

https://doi.org/10.1002/cepa.2604
https://doi.org/10.1016/j.istruc.2017.06.003

