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Abstract 

This study investigates the seismic performance of slit link configurations using wide-flange (WF) sections within 

eccentrically braced frames (EBFs), addressing the limited application of slit geometries in practical steel construction. 

The objective is to evaluate the influence of slit shape and width on shear strength, ductility, and energy dissipation, while 

ensuring damage localization within the link element. Six analytical models were developed, including conventional links 

(CV and CV-ST) and slit variants (SL-1 to SL-4), and analyzed through nonlinear finite element simulations in ABAQUS 

under the AISC 341-22 cyclic loading protocol. The analysis focused on stress distribution, hysteretic response, backbone 

curve stability, and energy dissipation. Results show that conventional links provide higher peak shear strength and energy 

absorption but transmit stresses into adjacent members, increasing repair complexity. In contrast, slit links confine plastic 

deformation within the link region, enhancing ductility and repairability at the expense of reduced strength. Among the slit 

variants, the parabolic slit (SL-4) demonstrated smoother stress redistribution and improved cyclic stability compared to 

rectangular slits. The novelty of this research lies in embedding slit geometries directly into WF profiles, offering a cost-

effective fuse mechanism that bridges theoretical slit damper concepts with real-world EBF applications. 
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1. Introduction 

As a hybrid of the Moment Resisting Frame (MRFs) and the Concentrically Braced Frame (CBFs) systems, the 

Eccentrically Braced Frame (EBFs) provides significant advantages in terms of elastic stiffness and energy dissipation 

[1-3]. In the EBFs configuration, at least one end of each bracing member is connected eccentrically to the frame, thereby 

forming a link element that plays a critical role in seismic performance [4, 5]. The link element (e), as illustrated in 

Figure 1 [6], is the structural component of the EBF that is intentionally allowed to sustain damage during seismic events. 

This occurs as a result of lateral forces that induce moment and shear concentration within the link [7]. Consequently, 

yielding is confined to the link, while the other structural components—such as the outer beams, columns, and bracing—

are proportioned to remain elastic [8, 9]. This scenario arises when the link functions as a short beam subjected to 

opposing shear stresses at each end [10, 11], as depicted in Figure 2 [12]. 
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Figure 1. EBFs configuration: (a) K-braces, (b) V-braces, (c) Inverted Y-braces, (d) K-braces & Inverted K-braces [6] 

 
(a)                                                 (b) 

Figure 2. (a) Plastic rotation angle of the link, (b) Forces in an isolated link [12] 

Although the link element is intentionally permitted to sustain damage following an earthquake, such damage often 

extends to other structural components, including beams outside the link, columns, and diagonal bracing [13], as 

illustrated in Figure 3 [9, 14]. Damage to structural elements beyond the link is undesirable, as it complicates repair 

efforts and inevitably increases both cost and time requirements. Consequently, the development of link beams—whether 

through variations in link geometry or through improved connection systems between the link beam, the surrounding 

beams, and the bracing—has become a central focus of current research. The design of link beams must ensure adequate 

ductility and energy dissipation capacity while avoiding concentrations of inelastic stresses in regions outside the link 

beam component, consistent with the concept of steel slit dampers (SSD) as the slit links. 

   
(a)          (b) 

Figure 3. Link failure modes affecting (a) the beams outside the link [9], (b) the diagonal bracing [14] 

Steel Slit Dampers (SSD), as illustrated in Figure 4 [15], represent a specific type of Metallic Yielding Dampers 

(MYD) formed by introducing slits or openings into steel plates that undergo shear deformation along the beam plane 

[15]. These slits divide the plate into multiple links, which dissipate input energy through plastic deformation across the 

plate surface [16, 17]. Through the overall shear deformation of the plate, these links act in parallel, exhibiting combined 

flexural and shear behavior. In a well-designed structural system equipped with passive control devices, dampers must 

be engineered to dissipate hysteretic energy and prevent significant nonlinear deformations in the primary structural 

members [18, 19]. In other words, during strong earthquakes, these devices function as fuses, preventing failure, damage, 

or even excessive deformation in the main structural components—such as beams outside the link, columns, and 

bracing—thus ensuring that these elements remain functional after seismic events. However, the shape/pattern of the 

slits, the thickness of the slit damper plates, and the position/placement of the slit dampers all have a significant impact 

on the energy dissipation and performance produced. Consequently, numerous recommendations for slit link models 

have been made to date. 
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(a)     (b) 

Figure 4. Slit damper with (a) block slit (b) parabolic slit [15] 

The application of Steel Slit Dampers (SSD) as slit links in Eccentrically Braced Frames (EBF), in the form of block 

slit dampers, has been investigated by Mohseni et al. (2020) [20], Amiri et al. (2020) [21], Oh & Park (2022) [22], 

Hwang et al. (2023) [23], and Zhou et al. (2025) [24]. Similarly, the use of parabolic slit dampers has been examined by 

Askariani et al. (2020) [25], Montazeri et al. (2021) [26], and Suswanto et al. (2025) [27]. The findings of these 

investigations demonstrate that slit link configurations exhibit superior seismic performance compared to conventional 

link models. Block slits of varying widths alter the effective shear area, reducing shear capacity but confining damage. 

Parabolic slits, by contrast, smooth stress distribution and reduce concentration at slit tips, potentially improving cycle 

stability. Despite these advances, the integration of slit geometries directly into EBF link beams remains limited. Most 

prior studies have focused on slit dampers as separate devices rather than as modifications of the link itself. Embedding 

slits into the web of the link beam offers the potential to create a “fuse” mechanism that localizes damage while 

maintaining global frame stability. 

A notable gap in the literature is the choice of section type for slit links. Many studies have adopted built up 

plate sections—such as welded box or stiffened plate links—because they offer superior lateral torsional stability 

and allow flexible slit arrangements [28, 29]. Built up sections are easier to customize but require additional 

fabrication effort. In contrast, Wide-Flange (WF) sections are widely available, economical, and commonly used in 

practice. However, slit link applications using WF profiles have been scarcely investigated. The majority of slit 

damper research assumes built up geometries, leaving a knowledge gap regarding the performance of standard WF 

sections with slits introduced into their webs. The absence of systematic investigations on WF slit links limits their 

adoption in design practice. From a practical standpoint, WF sections are attractive because they are standardized, 

readily available in structural steel catalogs, and widely used in Indonesian and international construction. 

Introducing slits into WF webs could provide a cost-effective alternative to custom built up dampers, aligning with 

performance based seismic design principles.  

Therefore, this study proposes a systematic investigation of slit links embedded in WF profiles. Six EBFs models—

conventional, stiffened, and slit variants—are analyzed using nonlinear finite element simulations in Abaqus under the 

AISC 341 22 cyclic protocol. The focus is on quantifying shear capacity, hysteretic stability, degradation metrics, and 

stress localization. By addressing the underexplored area of WF slit links, this research contributes to bridging the gap 

between theoretical slit damper concepts and practical EBF applications. The findings aim to demonstrate that WF slit 

links can serve as economical, reparable fuse elements, offering a balance between strength, ductility, and post-

earthquake resilience. 

2. Research Significance 

This study aims to address this research gap by performing a numerical analysis on a slit link using WF profiles with 

block slit and parabolic slit configurations. This research highlights the behavior of slit links under various loading 

conditions. The parameters analyzed include slit shape configuration, opening width, and cyclic loading based on AISC 

341-22. For comparison, simulations were also conducted on a conventional link model to observe their significant 

impact on EBFs performance. The connections between structural components were assumed to be welded joints to 

examine the stress distribution to components outside the link beam. Numerical analysis was performed using the finite 

element method (FEM) implemented thru ABAQUS software, enabling accurate simulation of nonlinear material and 

structural behavior. This approach yields a numerical model that represents the slit link's response with a WF profile, 

including strength, energy dissipation, deformation, and stress distribution under cyclic loading. This study aims to 

provide a more comprehensive understanding of the performance of slit links with WF profiles and simultaneously serve 

as a valuable reference for developing more optimal slit link designs for earthquake-resistant building structures. Figure 

5 shows an illustration of the research flowchart. 
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Figure 5. The research flowchart 

3. Method of Research 

3.1. Materials and Steel Section 

The steel grade of the link beam is same with the beam outside the link, columns and bracing, ASTM-A36 with the 

yield strength of 245 MPa and ultimate tensile strength of 470 MPa. The link, beam outside the link and column used 

Wide-Flange (WF) profile, and bracing used H profile. Detailed of the material properties and frame section shown on 

Table 1 and Tabel 2. 

Table 1. Material properties of ASTM-A36 

Property Value 

𝑓𝑦 (in MPa) 245 

𝑓𝑢 (in MPa) 470 

𝐸𝑠 (in MPa) 210,000 

Density (in kg/m3) 7,850 

𝑒𝑚𝑎𝑥  (in %) 16 

Poisson’s ratio 0.3 
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Table 2. The steel section of EBFs 

No. Links Configuration Column Beam Link Bracing 

1 CV WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

2 CV-ST WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

3 SL-1 WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

4 SL-2 WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

5 SL-3 WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

6 SL-4 WF588×300×12×20 WF588×300×12×20 WF588×300×12×20 H300×30015×15 

3.2. The Length of the Links 

The steel grade This study investigates the K-braced Eccentrically Braced Frame (K-EBF) system utilizing wide 

flange (WF) link elements. The horizontal link located at mid-span connects the main beam to the bracing and serves as 

the primary energy-dissipating component of the system. To evaluate seismic performance and energy dissipation 

efficiency, a short-link approach was adopted. The link length (e) is determined based on the ratio (ρ) of the plastic 

moment capacity (𝑀𝑃) to the plastic shear capacity (𝑉𝑃), calculated according to the link cross-section properties and 

expressed in Equation 1 [30]. The plastic moment capacity (𝑀𝑃) and plastic shear capacity (𝑉𝑃) are obtained using 

Equation 2 and Equation 3 [31]. A ratio value less than 1.6 is classified as a short link, whereas a ratio greater than 2.6 

is categorized as a long link [32]. Accordingly, the link lengths employed in this study are presented in Table 3 with a 

ratio of 1.37 for a length of 1500 mm, categorized as short links. 

ρ =
𝑒

𝑀𝑃  /𝑉𝑃
  (1) 

𝑀𝑃 = 𝑍𝑥 𝑓𝑦  (2) 

𝑉𝑃 = 0.6 𝑓𝑦 (𝑑 − 2𝑡𝑓)𝑡𝑤  (3) 

Table 3. The link lengths calculation for WF 588.300.12.20 section 

e 

(mm) 

d 

(mm) 
𝒕𝒘 

(mm) 

𝒕𝒇 

(mm) 

𝒁𝒙 
(mm3) 

𝒇𝒚 

(MPa) 

𝑽𝑷 
(N) 

𝑴𝑷 
(N.mm) 

𝛒 

1,500 588 12 20 4,308,912 245 966,672 1,055,683,440 1.37 

The introduction of slits into the web of WF section does not alter the global link length or the overall 

classification; however, it does create localized regions of compliance that slightly modify the effective shear length. 

This effect manifests as localized increases in the 𝑀𝑃 /𝑉𝑃  ratio near the slit edges, while the global classification as 

short links remains valid. Thus, the slit links can still be evaluated within the framework of standard EBF link 

classifications, with the caveat that local stress redistribution must be considered in interpreting their cyclic 

performance. 

3.3. Links Configuration 

In this study, six analytical models with variations in slit geometry and configuration are used. The first model 

of link, CV (Conventional Vertical link), represents a standard WF link without geometric modification. The second 

model, CV-ST (Conventional Vertical link with Stiffener), is an enhanced version of CV, incorporating transverse 

stiffeners to improve shear capacity and mitigate local deformation. The remaining four models consist of slit link 

configurations, designed to enhance ductility and energy dissipation through controlled plastic deformation 

mechanisms. Specifically, SL-1, SL-2, and SL-3 adopt block-slit geometries modified from Hwang et al. (2023) 

[23], with varying slit widths to examine the influence of opening ratios on hysteretic capacity. Meanwhile, SL-4 

employs a parabolic-slit geometry, adapted and modified from Askariani et al. (2020) [25], to achieve a more 

uniform distribution of plastic strains along the link length. All models were analyzed using finite element 

simulations to assess structural response under seismic loading. The analysis focused on key performance 

parameters, including ductility, shear strength, and energy dissipation. Comparative evaluation among the six 

models was conducted to identify the most effective slit link configuration for improving the seismic performance 

of K-EBF systems. The proposed slit link geometries are illustrated in Figure 6.  
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Figure 6. The proposed slink link geometries (unit in mm) 

3.4. Modeling and Loading Protocol 

The analysis of the slit link in the EBFs was conducted using the finite element method thru the ABAQUS software. 

The selection of the cross-section dimensions was first determined thru structural analysis to verify that the strength of 

the EBFs structure refer to the requirements of AISC-22 [29]. The initial design results, steel sections, are shown in 

Table 2. The configuration of the link beam, as illustrated in Figure 6, is subsequently implemented within the EBFs 

frame with the load direction parallel to the main axis of the beam, as depicted in Figure 7. All of connections in the 

numerical models were idealized as fully welded using tie constraints to isolate the behavior of the link elements. In 

practice, semi-rigid connections or bolted joints with slip would introduce additional rotational flexibility and pinching 

effects in the hysteretic response—this is a limitation in this study. At the base of the column’s, fixed support is 

prescribed to simulate rigid support. Meanwhile, the cyclic loading is applied at the upper ends of the columns, defined 

explicitly as boundary conditions (BC). 

 

Figure 7. The EBFs frame (Unit in mm) 
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Figure 8. The loading protocol based on AISC 341-22 [30] 

Table 4. The magnitude of the loading protocol based on AISC 341-22 

No. 
Drift ratio 

(rad) 

Displacement 

(mm) 

Cyclic 

number 

1 0.00375 5.62 6 

2 0.005 7.50 6 

3 0.0075 11.25 6 

4 0.01 15.00 6 

5 0.015 22.00 4 

6 0.02 30.00 4 

7 0.03 44.99 2 

8 0.04 59.97 1 

9 0.05 74.94 1 

10 0.06 89.89 1 

11 0.07 104.83 1 

12 0.08 119.78 1 

Total cycle 40 

The cyclic loading protocol is based on AISC 341-22 [29], which prescribes a progressively increasing drift ratio 

with decreasing cycle counts to simulate realistic seismic demands. As illustrated in Figure 8 and detailed in Table 4, 

the protocol begins with six cycles at low drift ratios (0.00375–0.01 rad), followed by four cycles at intermediate levels 

(0.015–0.02 rad), and culminates in single cycles at extreme drift ratios up to 0.08 rad. This sequence reflects the 

expected distribution of seismic energy, where structures experience numerous small deformations and fewer large 

excursions during strong ground motions. Displacement values corresponding to each drift level were calculated based 

on the link length (e = 1500 mm), ensuring accurate control of column-top displacement to achieve target link rotations. 

The total of 40 cycles provides sufficient resolution to evaluate stiffness degradation, strength decay, and energy 

dissipation across the full range of inelastic behavior. This protocol enables consistent comparison of hysteretic 

performance among models with varying slit geometries, while maintaining compliance with established seismic 

qualification standards. The assessment of the K-EBF model encompasses frame shear strength, hysteretic response, 

energy dissipation capacity, link failure characteristics, and overall structural ductility. Subsequently, the performance 

of each K-EBF frame specimen is compared, allowing the identification of the most suitable link type based on the 

defined evaluation criteria. 

4. Results and Discussion 

4.1. Stress Distribution dan Failure Mode 

The numerical results for the conventional link (CV and CV-ST) shown in Figure 9(a), (b) and Figure 10(a), (b) 

indicate that yielding initiates at the link at a drift ratio of 0.03 rad, with stress concentrations clearly observed in the 

link element. As loading progresses, stress distribution extends into the beams, stiffeners, and eventually the columns, 

particularly at the maximum drift ratio of 0.08 rad, indicating the potential for web/flange buckling and broader plastic 

hinge formation. The addition of stiffeners in the CV-ST delays web buckling and increases shear demand within the 

link, but simultaneously transmits higher stresses to adjacent members, thereby affecting the overall strength of the 

system. The hysteretic displacement–force curves confirm these observations, with the CV configuration reaching a 

maximum force of 2832.41 kN at 61.63 mm displacement, while the CV-ST configuration achieves a slightly higher 

maximum force of 3223.38 kN at 61.69 mm displacement. 
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Figure 9. Stress distribution and failure mechanism in drift 0.03 radians 

 

Figure 10. Stress distribution and failure mechanism in drift 0.08 radians 

The slit links configuration (SL-1 to SL-4) shown in Figure 9(c), (d), (e), (f) and Figure 10(c), (d), (e), (f) demonstrate 

localized stress distribution confined to the slit region, consistent with the intended “structural fuse” mechanism. For 

SL-1 with a 20 mm slit, yielding occurs at 0.03 rad drift without significantly affecting other structural elements, and 

even at 0.08 rad drift the stress remains centered on the link, with a maximum force of 1357.44 kN at 61.64 mm 

displacement. SL-2, with a 40 mm slit, exhibits similar behavior but with a reduced maximum force of 1210.87 kN at 

61.60 mm displacement. SL-3, with an 80 mm slit, shows further reduction in capacity, reaching 1051.11 kN at 59.32 

mm displacement, confirming that wider slits exacerbate local strains and reduce lateral stability. Finally, SL-4, which 

employs a parabolic slit geometry with a diamond-shaped throat, redistributes shear more effectively and mitigates sharp 

stress concentrations compared to rectangular slits. This configuration sustains a maximum force of 1228.55 kN at 61.32 
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mm displacement, comparable to SL2, but with smoother failure progression. Collectively, these results highlight that 

slit link models confine damage to the link element, enhance repairability, and provide more stable hysteretic behavior, 

albeit at the expense of reduced peak force capacity relative to conventional link models. 

For the CV and CV-ST models, yielding initiates at the link but stress progressively migrates into the beams, braces, 

and eventually the columns at maximum drift, indicating potential web/flange buckling and the formation of broader 

plastic hinges; the addition of stiffeners in CV-ST likely delays web buckling and increases shear demand within the 

link, though at the expense of transmitting higher demands to adjacent members. However, failure in SL-1 to SL-3 is 

localized within the slit region, consistent with the “structural fuse” design intent, where increasing slit width exacerbates 

local strains and reduces lateral stability, leading to earlier softening and diminished force capacity. The SL-4 model, 

with its parabolic slit geometry, redistributes shear through a diamond-shaped throat and mitigates sharp stress 

concentrations compared to rectangular slits, thereby supporting a smoother failure progression and sustaining slightly 

higher capacity than SL-2 at comparable drift. From a repairability perspective, slit links are more easily replaceable 

and confine damage to the link itself, whereas CV and CV-ST failures may propagate into beams and columns, 

necessitating multi-element repairs that increase downtime and cost. 

4.2. Hysteretic Response 

The hysteresis curves presented in Figure 11 illustrate the cyclic force–deformation behavior of six link 

configurations under repeated loading. The conventional models (CV and CV-ST) exhibit wide hysteresis loops with 

high peak forces, indicating substantial energy dissipation and strength capacity. CV-ST, in particular, shows enhanced 

loop area and peak force compared to CV, attributed to the presence of stiffeners that delay local buckling and improve 

shear transfer. However, both models also demonstrate stress migration into adjacent members at higher drift levels, 

suggesting broader plastic hinge formation and potential damage propagation beyond the link zone. The slit link models 

(SL-1 to SL-4) display narrower hysteresis loops with lower peak forces, consistent with their design intent as structural 

fuses. SL-1, with the smallest slit width, maintains relatively stable loop shapes and concentrated plasticity within the 

link region. As slit width increases (SL-2 and SL-3), the loops become progressively pinched, indicating reduced lateral 

stiffness and earlier softening. SL-4, which employs a parabolic slit geometry, shows improved loop symmetry and 

smoother degradation compared to rectangular slit variants, suggesting more uniform stress redistribution and enhanced 

deformation capacity. 

 

Figure 11. Hysteretic curve for each links configuration 
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Overall, the hysteresis behavior confirms that slit link configurations effectively confine damage within the link 

element, offering superior ductility and repairability at the expense of reduced strength. The conventional links, while 

stronger, exhibit broader stress distribution and potential damage to beams and columns. These findings support the use 

of slit links in seismic applications where energy dissipation and damage localization are prioritized, and highlight the 

importance of slit geometry in tuning cyclic performance. 

4.3. Backbone Curve 

The backbone curve in Figure 12 illustrates the relationship between maximum deformation and maximum force 

attained during each cycle of cyclic loading. This curve represents the peak response trajectory of the structure and is 

commonly used to evaluate strength capacity, stiffness, and ductility of the link elements. The CV and CV-ST models 

exhibit the highest maximum force capacity, reaching approximately ±4000 kN at ±80 mm deformation. However, both 

models experience more rapid stiffness degradation, as indicated by the reduction in peak force across subsequent cycles. 

In contrast, the slit models (SL-1 through SL-4) demonstrate lower maximum force capacity, around ±1500 kN, but 

maintain a more stable and consistent backbone trajectory throughout the cyclic loading. 

The stability of the backbone curve in the slit models indicates that geometric modification through slit installation 

effectively extends the plastic zone and reduces local stress concentration, thereby enhancing ductility and resistance to 

cyclic degradation. This finding supports the conclusion that slit links have potential as more efficient dissipative 

elements in EBF systems, particularly in sustaining plastic performance under large deformations. Considering the more 

stable backbone trajectory and slower strength deterioration, the slit models exhibit more favorable characteristics in 

terms of energy dissipation and resilience under repeated cyclic loading compared to conventional models without slits. 

 

Figure 12. Comparison of backbone curve of each links configuration 

4.4. Energy Dissipation 

Energy dissipation is defined as the ability of structural components to absorb and release energy through inelastic 

deformation under cyclic or seismic loading. It is typically quantified by the area enclosed within the force–deformation 

hysteresis loop, representing the energy absorbed during each loading cycle [33]. The method for calculating energy 

dissipation uses the backbone curve (skeleton part) approach, which is the result of decomposing the hysteretic curve 

presented by Yue et al. (2024) [34], and Lin (2025) [35] as shown in Figure 13.  

 

Figure 13. Decomposition of hysteretic curve to skeleton part (backbone curve) 
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Figure 14. Energy of skeleton part in: (a) pre-buckling stage; (b) post-buckling stage 

The calculation of energy dissipation for the skeleton part is divided into pre- and post-buckling stages as shown in 

Figure 14 with the variable of 𝑋1and 𝑋2is obtained with Equation 5 and Equation 6. By calculating the area of the shaded 

regions, the energy dissipation can be derived in Equation 7 and Equation 8 with 𝛿𝑒𝑝 as the total plastic deformation, 

𝛿𝑒𝑝
+   as positive plastic deformation, 𝛿𝑒𝑝,𝑏 as total plastic buckling deformation and 𝛿𝑒𝑝,𝑏

+   as positive plastic buckling 

deformation.  

𝑋1 = 1 +
𝑘1𝛿𝑒𝑝

+

1−𝑘1
  (5) 

𝑋2 = 1 +
𝑘1𝛿𝑒𝑝,𝑏

+

1−𝑘1
+

𝑘2

1−𝑘2
(𝛿𝑒𝑝

+ − 𝛿𝑒𝑝,𝑏
+ )  (6) 

Pre-buckling stage: 

𝜂𝑠 = 0.25𝛿𝑒𝑝 (4 +
𝛿𝑒𝑝𝑘1

1−𝑘1
)  (7) 

post-buckling stage: 

𝜂𝑠 = 0.25𝛿𝑒𝑝,𝑏 (4 +
𝛿𝑒𝑝,𝑏𝑘1

1−𝑘1
) + (𝛿𝑒𝑝 − 𝛿𝑒𝑝,𝑏 ) (1 +

0.5𝛿𝑒𝑝,𝑏𝑘1

1−𝑘1
) +

0.25𝑘2

1−𝑘2
(𝛿𝑒𝑝 − 𝛿𝑒𝑝,𝑏)

2
  (8) 

Table 5 presents a comparative summary of energy dissipation, peak shear force, and deformation across six link 

configurations: CV, CV-ST, SL-1, SL-2, SL-3, and SL-4. The conventional links (CV and CV-ST) demonstrate the 

highest energy dissipation capacities, with CV-ST reaching 119.03 kN·m and CV 114.47 kN·m. This enhancement in 

CV-ST is attributed to the presence of stiffeners, which improve shear transfer and delay local yielding, thereby 

increasing both peak shear force (3223.38 kN) and energy absorption. Despite similar deformation levels (~61.6 mm), 

the stiffened configuration shows superior performance in resisting cyclic loads and maintaining structural integrity 

under large displacements. On other hand, the slit link configurations (SL-1 to SL-4) exhibit lower energy dissipation 

values, ranging from 37.95 to 58.60 kN·m, consistent with their design intent as structural fuses. SL-1, with the narrowest 

slit, achieves the highest energy dissipation among the slit variants (58.60 kN·m), while SL-3 records the lowest (37.95 

kN·m), indicating that increased slit width reduces stiffness and energy absorption. Interestingly, SL-4, which features 

a parabolic slit geometry, shows improved energy dissipation (46.68 kN·m) compared to SL-2 and SL-3, suggesting that 

geometric optimization can partially restore performance by redistributing stress and enhancing plastic deformation. 

Table 5. Comparison of the energy dissipation f all links configuration 

Links 

configuration 

Energy dissipation 

(kN.m) 

Peak shear force 

(kN) 

Deformation 

(mm) 

CV 114.47 2,832.41 61.63 

CV-ST 119.03 3,223.38 61.69 

SL-1 58.60 1,357.44 61.64 

SL-2 49.20 1,210.87 61.60 

SL-3 37.95 1,051.11 59.32 

SL-4 46.68 1,228.55 61.23 
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Overall, the results confirm that conventional links are more effective in maximizing strength and energy dissipation, 

making them suitable for applications requiring high resistance and limited drift. Meanwhile, slit links offer controlled 

damage localization and higher ductility, with energy dissipation governed by slit geometry. These findings support the 

strategic use of slit links in seismic design where repairability and energy absorption are prioritized over peak strength. 

4.5. Ductility 

Ductility is described as the capacity of a structure to sustain deformations beyond the elastic limit while maintaining 

stability, serving as a safeguard against brittle collapse [36]. Ductility (𝜇) can also be defined as the ratio between 

ultimate deformation (∆𝑢) and the first yield deformation (∆𝑦) [37], obtained from the backbone curve as shown in 

Figure 11, ductility can be calculated using Equation 9. The ductility values for each link configuration are shown in 

Table 6. 

𝜇 =
∆𝑢

∆𝑦

 (9) 

The comparative evaluation of the six link configurations highlights the trade-off between strength and ductility 

inherent in conventional versus slit link designs. The conventional specimens (CV and CV-ST) achieved the highest 

peak strengths, with CV reaching 2832.41 kN and CV-ST attaining 3223.38 kN, the latter representing a 14% increase 

due to the addition of stiffeners that enhanced shear transfer and delayed local yielding. However, their ductility ratios 

remained moderate, at 9.58 and 9.67 respectively, indicating that while stiffeners improve strength capacity, they do not 

significantly extend the deformation capacity. Stress migration into beams, stiffeners, and columns at larger drifts further 

suggests that conventional links are more susceptible to broader plastic hinge formation and potential damage 

propagation into adjacent members. 

Table 6. Comparison of the ductility of all links configuration 

Links 

configuration 

𝑭𝒚 

(kN) 

 ∆𝒚 

(mm) 

𝑭𝒑𝒆𝒂𝒌 

(kN) 

∆𝒖 
(mm) 

𝝁 

CV 728.49 6.43 2,832.41 61.63 9.58 

CV-ST 722.24 6.38 3,223.38 61.69 9.67 

SL-1 411.06 5.18 1,357.44 61.64 11.90 

SL-2 365.66 5.05 1,210.87 61.60 12.20 

SL-3 315.08 5.02 1,051.11 59.32 11.82 

SL-4 366.97 5.15 1,228.55 61.23 11.89 

On the other hand, the slit link specimens (SL-1 to SL-4) demonstrated lower peak strengths, ranging from 1051.11 

kN to 1357.44 kN, but consistently higher ductility ratios exceeding 11.8. This confirms that slit links are intentionally 

designed to sacrifice strength in favor of damage confinement and enhanced deformation capacity. Among them, SL-2 

exhibited the highest ductility ratio (12.20), despite reduced strength, while the parabolic slit geometry of SL-4 

redistributed shear more effectively, mitigating stress concentrations and sustaining smoother failure progression with 

a ductility ratio of 11.89. These results underscore the design implication that conventional links are preferable when 

frame-level resistance and higher base shear are prioritized, whereas slit links are more suitable for fuse-type applications 

where ductility, energy dissipation, and repairability are critical to seismic performance. 

5. Conclusion 

This study has demonstrated that slit link configurations with wide-flange (WF) sections offer a promising alternative 

to conventional link models in eccentrically braced frames (EBFs). Through nonlinear finite element simulations under 

AISC 341-22 cyclic loading, six link variants—CV, CV-ST, SL-1, SL-2, SL-3, and SL-4—were evaluated in terms of 

shear capacity, ductility, energy dissipation, and stress distribution. The results confirm that while conventional links 

(CV and CV-ST) provide higher peak shear strength and energy dissipation, they also transmit significant stress to 

adjacent members, increasing the risk of damage propagation. In contrast, slit links effectively confine plastic 

deformation within the link region, enhancing repairability and maintaining stable hysteretic behavior. Among the slit 

variants, SL-4 with parabolic geometry exhibited smoother stress distribution and improved cyclic stability compared 

to rectangular slits. These findings support the integration of slit geometries into WF profiles as a cost-effective and 

resilient fuse mechanism, aligning with performance-based seismic design principles and offering practical advantages 

for earthquake-resistant steel structures. 

For future research, experimental validation is needed to complement numerical simulations, especially regarding 

low-cycle fatigue, fracture initiation, and Bauschinger effects. Further studies may also examine the influence of semi-

rigid and bolted joints on stress redistribution and hysteretic performance. Since this study idealized all joints as fully 

welded, applying more realistic boundary conditions would provide results that better reflect practical applications. 
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