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Abstract 
 

Headed stud shear connectors are widely used as shear connectors for the steel-concrete composite structures to 

ensure that shear forces are transferred properly under composite actions. To observe the performance of stud 

shear connectors under monotonic loading, a finite element analysis was carried out using ANSYS Workbench 

software. A nonlinear three-dimensional push-out model was developed using the material properties and 

boundary conditions of published research work. The model was validated in comparison with the experimental 

shear force-slip results of a 13mm stud shear connector. Moreover, the focus of the study was also concentrated 

to investigate the parametric study of stud diameter and concrete strength on the ultimate shear strength capacity 

of the stud shear connectors. Elastic shear stiffness was performed to understand the contributions of embedded 

concrete strength on the performance of stud shear connectors. The deformation patterns and the failure modes 

were observed at the base plate and stud contact region. The results showed that increasing the stud diameters 

and concrete strengths significantly enhances the shear capacity and shear stiffness of the stud shear connectors. 

Most of the failures occurred due to the shear failure of the stud and the crushing of the surrounding concrete at 

the base of the stud.  

 

Keywords: Headed shear stud connectors; ANSYS simulation; Finite Element Analysis (FEA); Shear stiffness. 
 

1 Introduction 

Steel concrete composite structures are becoming a popular construction technology all over the world. Due to 

the increase in traffic demands the number of bridges is increasing rapidly in developed as well as in developing 

countries. In this regard, considering the high-speed traffic movement and span, composite bridges are one of the 

key resources to solve the traffic demand. For the composite bridges appropriate shear stud connectors are used 

to connect the steel and concrete members to establish the composite action. The composite action developed by 

the shear stud connector increases the strength, ductility, and durability of the structures. Composite structures 

also have been gradually increasing in our country. To develop the composite action between steel and concrete, 

studs are welded to a steel girder and embedded in the concrete. The head of the stud resists separation from the 

concrete slab. To observe the behavior of shear stud connectors, different researchers investigated from different 

perspectives. Among those, Viest (1956) investigated the full-scale push-out specimens and found that a steel 

stud is suitable as a shear connector in composite structures. The capacity of the shear stud connectors depends 

on the diameter and the strength of the concrete. With the increase in the diameter and the strength of concrete, 

the performance of the shear stud connector improved (Feyissa and Kenea, 2022; Lu et al., 2023). The capacity 

of the shear stud connectors was observed considering stud height, embedded concrete strength, spacing of the 

studs and failure patterns as variables (Wang, 2021). The slip behavior and strain at the base and mid-height of 

the stud shank in composite structures were investigated in a push- and pull-out specimen (Miah, 2005; Miah, 

2010).  

However, limited numerical studies have validated the behavior of small-diameter headed studs (≤13 mm) under 

monotonic loading using finite element analysis (FEA) in ANSYS. Previous research has mostly focused on 

larger studs or cyclic loading conditions. Hence, this study addresses this gap by numerically validating small-

diameter studs and investigating the effects of stud diameter and concrete strength on shear capacity and 

stiffness. The experimental results of push and pull-out specimens will be simulated numerically using ANSYS 

software to validate that the numerical model is the research interest. Moreover, the shear capacity and shear 

stiffness of the shear connector under monotonic loading will be investigated through a parametric study. 

 

2 Finite Element Modeling 

The numerical simulation was performed using predefined material properties from the ANSYS library. The 

different types of elements considered for numerical analysis are described in the succeeding section. 
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2.1 Geometry of the Experimental Specimen 

The push and pull-out test specimen with the generally used solid stud was employed for the experimental 

investigation as shown in Figure 1. Monotonic as well as cyclic loading can be applied easily to this specimen to 

observe the behavior of the stud shear connectors. A pair of headed studs with a diameter of 13mm and a length 

of 100mm was welded on the base steel plate having dimensions of 530mm×120mm×13mm. The average size of 

the stud head and the collar is shown with the test specimen. To increase the stiffness of the base plate and to 

provide sufficient resistance against plate bending, another steel plate known as a stiffener, having dimensions of 

350mm×60mm×19mm was welded to the base plate on the other side. The concrete block had a concave section 

as shown in Figure 1, so that the specimen did not rotate during the application of load at the top of the base 

plate. The main objective of selecting the shape and size of the specimens was to realize easy application of 

various types of shear forces in the static and fatigue tests. Four 10mm diameter longitudinal deformed bars and 

two 6mm diameter stirrups of 200mm spacing as shown in Figure 1 were provided to overcome the premature 

cracks in the concrete block. 

 

 
 

Figure 1. Experimental Specimen Details 

 

2.2 Material Properties of Structural Steel and Concrete 

Structural steel was modeled using a bilinear isotropic hardening material to represent its elastic–plastic behavior 

as shown in Figure 2(a). The initial portion of the stress–strain curve is linear, defined by the elastic modulus (E) 

and Poisson’s ratio (ν), up to the yield stress (fy). Beyond yielding, plastic deformation occurs with strain 

hardening, represented by the tangent modulus. The concrete is assumed to be homogeneous and initially 

isotropic. The compressive uniaxial stress-strain relationship for the concrete model was developed following the 

multi-linear isotropic stress-strain curve as shown in Figure 2(b). 

 

 

 

 

 

 

 

 

                                             

                                                 

 

                                                     (a) Steel                                                   (b) Concrete 

Figure 2. Constitutive relations of steel and concrete materials 

2.3 Finite Element Modeling of the Experimental Specimen 

A steel-concrete composite push- and pull-out model was developed having headed stud shear connectors as 

shown in Figure 3(b). The concept of this model is extracted from the steel girder and concrete slab composite 

system. The plan view and details of the geometry of the test specimen are shown in Figure 3(a). The concrete 

block is 350mm in length with 4-10mm rebars and a 6mm stirrup is used @200mm c/c to avoid premature 

cracks. The thickness of the baseplate and stiffener is 13mm and 19mm, respectively. To observe the loading 

effects circular shape stud connectors were used. 
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2.4 Boundary Conditions and FE Meshing 

Monotonic loading as displacement was applied at the top of the base plate (B), keeping the concrete block fixed 

at the top (C) and bottom (A) as shown in Figure 3(b). To observe the performance of headed stud shear 

connectors numerically under monotonic loading, push and pull-out specimens were modeled. At the base plate 

and stud shear connector contact region, bonded contact was used. The concrete body and base plate interface are 

modeled as frictionless for simplicity in numerical analysis. Frictional contact was used between the stud shear 

connector and the concrete body. The frictional coefficient was taken as 0.35. For the frictional and frictionless 

contact, the contact element is considered adjusted to touch. The finite element model was generated using linear 

elements. The multizone mesh method was used for the stud, base plate and rebar. A 5mm element size was 

adopted for the stud shear connector and base plate. The concrete block was meshed with 30mm linear elements. 

Mesh refinement was applied at the stud and concrete interfaces. 2mm contact sizes were applied at the stud and 

base plate contact region for better numerical results. 

 

 

                             

 

 

   

 

                                          (a) Geometry details                                                     (b) FE model and boundary condition 

                   Figure 3. Geometry and numerical model of push and pull-out test specimen 

 

2.5 FE Modeling Parameters 

Table 1 contains the parameters that were used in the finite element (FE) analysis. Here in the designation 

C40D13, C defines concrete strength, and D represents the diameter of the stud shear connectors. 

  

Table 1.  Finite Element Model Parameters 

 

Specimen 

Designation 

Stud Diameter 

(mm) 

Stud Height 

 (mm) 

Strength of 

concrete MPa) 

Variable 

Parameters 

Experimental 13 100 43.5 - 

Analysis 13 100 43.5 

C40D13 13 100 40  

C40D16 16 100 40 Stud Diameter 

C40D19 19 100 40  

C40D22 22 100 40  

C10D16 16 100 10  

Concrete 

Strength 

C20D16 16 100 20 

C30D16 16 100 30 

C40D16 16 100 40 

 

To investigate the impact of stud diameter and the strength of embedded concrete on the performance of the stud 

shear connectors, FE models were developed using an experimental reference specimen (Miah, 2005). The stud 

diameter and concrete compressive strength were the parameters used in this study. 

 

3 Numerical Results  

The finite element models were analyzed under the prescribed loading and boundary conditions. This section 

presents the key findings of stud shear connector on the shear strength and shear stiffness. 

3.1 Validation of the FE Model  

To validate the FE model, A finite element model was generated using the same geometry, materials and 

boundary conditions. The shear force-slip curves obtained from the experimental test (Miah, 2005) and FE 

simulations were observed. The shear force-slip graph obtained from the experimental results was used to 

validate the FE numerical results. From the experimental shear force-slip curve, the maximum shear force was 
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recorded to be 58.9kN, whereas 61.85kN shear strength is found in numerical analysis. The analytical shear 

strength varied by 3.4% from the experimental results. From Figure 4, it was found that the initial shear force-

slip relation of the numerical analysis was very close to the experimental one. But it was found that after the 

initial stage, the numerical curve differed slightly from the experimental curve. The variation may be because of 

the complexity in the geometry and contact behavior of the numerical model.         

A mesh convergence study was performed by refining the mesh size at the stud–concrete interface. The shear 

force–slip results were compared for mesh sizes of 5mm. Variation in peak shear force was found within 3.4%, 

confirming that the adopted mesh size of shear connector of 5mm provides good results. 

 

3.2 Shear strength  
To evaluate the shear strength of the headed stud shear connector, an ANSYS FE model was used. The 

relationship between shear force and slip for a single stud in a parametric study, as found by finite element 

analysis, as shown in Figure 5. The test results for the single stud shear connection of the different samples are 

shown in Table 2. The shear force-slip relations are the most important characteristics for figuring out how well 

the stud shear works. Table 2 shows the shear strength, final slip, and ductility of the materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Shear force-slip relation for validation 

with experimental result 

 Figure 5.  Shear force-slip relation for variation 

with stud diameter 

 

Considering a 13mm diameter stud as reference, the shear capacity of 16mm, 19mm and 22mm diameter 

studs increased by 41.66%, 75% and 141.66% respectively and the corresponding ultimate slip also increased 

significantly. With the increase in diameter from 13mm to 22mm, the ultimate slip value was found to be 

1.2mm and 1.8mm, respectively. The ductility behavior can be categorized based on the ultimate slip value of the 

stud (Zhao and Liu, 2018) as shown in the Table 2.  

 

3.3 Shear Stiffness 

Shear stiffness is the slope of the shear force and slip curve, which reflects the stud's ability to resist interfacial 

slip under stress. As per the previous research, the secant slopes corresponding to the interfacial slippage of 

0.2mm were used as the shear stiffness values of studs in the elastic phases (Ye et al., 2022).  The shear stiffness 

of the model for different concrete strengths in the elastic phase is listed in Table 3. From the data in Table 3 and 

graphical presentation as shown in Figure 6, it was found that concrete strength has a significant impact on the 

stud shear stiffness. 

Table 2.  FEA results of the shear capacity of a single stud. 

 

Specimens D (mm) Pu (kN) Su (mm) Ductility 

C40D13 13 60 1.2 Low 

C40D16 16 85 1.5 Moderate 

C40D19 19 105 1.8 High 
C40D22 22 145 2.0 Very High 
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Figure 6.   Shear stiffness-slip relation under different concrete strength 

The average shear stiffness of the stud shear connectors embedded in the reinforced concrete body, with different 

concrete strengths, are evaluated in the analysis. The shear stiffness value significantly increased with the 

increasing strength of concrete. The shear stiffness for 40MPa concrete (C40D16) is about 38.46% higher than 

the 10MPa concrete (C10D16), indicating that the compressive strength of concrete has a certain influence on the 

shear stiffness of the studs. 

 

Table 3. FE Analysis Results for different concrete strengths 

 

Specimens fˊc (MPa) Ec (MPa) S0.2 (mm) SF0.2 (kN) k0.2 (kN/mm) 

C10D16 10 25742 0.32 52 260 

C20D16 20 29725 0.36 56 280 

C30D16 30 33234 0.41 62 310 

C40D16 40 33234 0.46 72 360 

 

3.4 Failure Modes 

The failure behavior of the headed stud shear connectors was observed and compared with the experimental 

failure mode, as shown in Figure 7.  

 

 

 

 

                              

               

 

 

 

                                

                          

 (a) Experimental and numerical failure                  (b) base plate, stud, and concrete block failure patterns 

Figure 7. Behavior of the concrete block, baseplate & stud shear connector under monotonic load 

 

The results clearly present that the failure initiates at the base of the contact, where the load transfer and the 

stress concentration occur. In this region, steel and concrete experienced plastic deformation due to the combined 

action of shear and bending stresses transmitted to the concrete body from the base plate. In the FEA results, 

Figure 7(a), showed a similar failure pattern, where the stud undergoes bending and fracture at its contact 

interface, validating the numerical model’s accuracy. Figure 7(b) shows high von Mises stress values are 

observed at the stud base, indicating that yielding begins at the junction between the stud and the baseplate. The 

concrete block behavior showed localized cracking and crushing near the stud shank, caused by the concentrated 

compressive forces transferred through the stud head. Meanwhile, Figure 7(b) illustrates stress distribution along 

the baseplate and stud, confirming that the dominant failure mechanism is governed by stud yielding rather than 

concrete crushing.  
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The results highlight that both stud diameter and concrete strength significantly affect the shear performance of 

headed studs. These findings support existing design codes, which emphasize the influence of stud diameter and 

concrete compressive strength in determining connector capacity. The observed increase in ductility and shear 

stiffness with higher diameters and strengths suggests that for practical bridge and composite beam design, 

optimizing stud dimensions can improve load transfer efficiency and durability without requiring excessive 

reinforcement. The verified FE model can be used to predict stud performance under various concrete strengths 

and stud diameters, reducing the need for extensive laboratory testing. This contributes to safer, more 

economical, and performance-based composite design practices. 

 

4 Conclusions  

This study evaluated the performance of headed stud shear connectors under monotonic loading using ANSYS 

finite element analysis. The numerical model was validated with experimental data, and the following 

conclusions can be summarized. 

(i) Increasing the stud diameter significantly enhances shear capacity and ductility.  Compared to 13mm studs, 

the shear capacity increased by 41.66%, 75%, and 141.66% for 16mm, 19mm, and 22mm studs, respectively. 

 Larger diameters also resulted in higher ultimate slip values, indicating improved ductility; 

(ii) Higher concrete compressive strength positively affects shear stiffness. For 40MPa concrete, the shear 

stiffness was 38.46% higher than for 10MPa concrete, demonstrating the critical role of concrete strength in 

improving the interfacial resistance of shear connectors;  

(iii) The 0.2mm secant slope method revealed that shear stiffness increases with concrete strength. This 

highlights the importance of optimizing these parameters for enhanced performance in composite structures; 

(iv) The stress concentration at the stud-base plate interface observed in FEA aligns with experimental results, 

validating the failure criteria and deformation patterns. 
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