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1. Introduction  
 

In recent years, the dynamic behaviour of structural 

elements has been examined under various loading 

conditions such as impact loads, blast loads and seismic 

loads (Mou et al. 2019, Abedini and Zhang 2020, Zhang et 

al. 2020, Zhang and Mousavi 2020). Zhang et al. (2020) 

performed a comprehensive review on different structural 

elements such as beams, columns, slab and bridge piers 

subjected to impact loads. Abedini and Zhang (2021) used 

finite element modelling to study the damage prediction and 

dynamic response of RC columns under impulsive loading 

conditions. In earthquake engineering, the seismic load is 

one of the fundamental issues which has been evaluated 

extensively to reduce the damage in building structures 

(Zhang et al. 2019, Alam et al. 2020, Sun et al. 2020). The 

seismic behaviour of RC structures and beam to column 

connections have been investigated by several 

experimental, numerical and analytical studies (Alam et al. 
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2020, Bai et al. 2021, Ye et al. 2021). Hence, researchers 

have introduced different approaches such as vibration 

control devices to reduce the seismic impacts (Zhang and 

Wang 2019, Zhang and Wang 2019). Although 

experimental studies in every field can provide reliable 

results, it is worth mentioning that numerical simulations 

are also able to obtain accurate findings (Zhang et al. 2010, 

Zhang 2014, Zhang and Ou 2015, Sun et al. 2018). The 

finite element method (FEM) is one of the numerical 

techniques used to solve differential equations emerging 

from mathematical modeling and engineering applications. 

Several research areas such as structural assessment, mass 

transport, fluid flow, and heat transfer can be evaluated 

through FEM (Zhang et al. 2006, Zhang and Ou 2008, Xu 

et al. 2014, Sun et al. 2019). The strength of connector and 

concrete are the main factors that influence the shear 

connections’ behaviour. The connector strength and solidity 

are the key factors that affect the action of shear 

connections. This led to experimental push-off experiments 

for both the connector load-slip curve and shear connector 

capability (Shariati et al. 2012, Shariati et al. 2014, 

Khorramian et al. 2015, Shariati et al. 2015). Due to the 

ongoing expensive and time-consuming nature of full-scale  
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Abstract.  With regard to economic efficiency, composite fix beams are widely used to pass longitudinal shear forces across 

the interface. The current knowledge of the composite beam load-slip activity and shear capability are restricted to data from 

measurements of push-off. Modelling and analysis of the composite beams based on Euro-code 4 regarding to shear, bending, 

and deflection under differing loads were carried out using Finite Element through an efficient computer simulation and the final 

loading and sections capacity based on the failure modes was analysed. In bending, the section potential was increased by an 

improvement of the strength in both steel and concrete, but the flexural and compressive resistance growth is very weak (3.2% 

3.1% and 3.0%), while the strength of the concrete has increased respectively from 25 N/mm2 to 30, 35, and 40 N/mm2 

compared to the increment of steel strength by 27% and 21% when it was raised from 275 to 355 and 460 N/mm2, respectively. 

It was found that the final flexural load capacity of fix beams was declined with increase in the fix beam span for both three steel 

strength. The shear capacity of sections was remained unchanged at constant steel strength and different length, but raised with 

final yield strength increment of steel sections by 29%, and 67% when it was raised from 275 N/mm2 to 355 N/mm2 and 460 

N/mm2, respectively. 
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push-off testing, analytical procedures which can predict a 

nonlinear response and the ultimate push-off test load 

capacity are being designed to replace most tests after that 

the selective experimental results have been identified 

(Jiang et al., Sun et al. 2019, Zhao et al. 2020, Zheng et al. 

2020). Because of the uncertainty of three-dimensional 

stress-stream condition and connection of shear connector 

with concrete, the statistical modelling of push-off test has 

less importance using efficient computer simulation (Zhu et 

al. 2018, Abedini et al. 2020, Gholipour et al. 2020, Li et 

al. 2020). A three-dimensional finite element model is 

designed by the writers using ABAQUS (2001) for the 

simulation of the behaviours, typically used in the economic 

composite beams of headed shear stud connectors 

(Arabnejad Khanouki et al. 2011, Daie et al. 2011, Sinaei et 

al. 2012, Habibi et al. 2018). In addition to the FEM, 

Artificial intelligence (AI) is a part of computer science, 

which uses computer tools to imitate human intelligence for 

solving non-linear problems (Safa et al. 2020, Shariati et al. 

2020, Yazdani et al. 2020, Shariati et al. 2021). AI has 

different applications in the modern world such as 

engineering, decision-making, health care and mathematics 

(El-Zeadani et al. 2019, Cao et al. 2020, Shariati et al. 

2020, Jiao et al. 2021). Hence, researchers in recent decades 

applied AI algorithms to study the performance of structural 

elements such as shear connectors (Toghroli et al. 2014, 

Safa et al. 2016, Toghroli et al. 2016, Mansouri et al. 

2019). For this purpose, experimental data are used to 

develop the AI algorithms, which lead to obtaining the most 

accurate results (Mohammadhassani et al. 2013, 

Mohammadhassani et al. 2014, Sadeghipour Chahnasir et 

al. 2018, Katebi et al. 2019). Different types of shear 

connectors have been analyzed using AI models such as 

artificial neural networks and machine learning (Sedghi et 

al. 2018, Shariati et al. 2019, Shariati et al. 2019, Trung et 

 

 

 

al. 2019). Moreover, hybrid algorithms such as ANN-GA, 

ANN- PSO and PSO-ELM are deployed to solve the more 

complex problems with higher accuracy (Shariati et al. 

2019, Armaghani et al. 2020, Shariati et al. 2020, Shariati 

et al. 2020). The push-off test method is modelled (using 

efficient computer simulation), taking into account both 

linear and non-linear component behaviour to determine 

failure modes, ultimate strength and load-slip conduct of 

shear connectors (Shariati et al. 2012, Shariati et al. 2012, 

Shariati et al. 2013, Huang et al. 2021). The findings of the 

present FE model are compared to the selected push off 

tests and to the tabulated values shown in current practice 

codes. Parametric experiments have been conducted using 

this model to examine changes in concrete strength and stud 

diameter. The shearing capabilities and the slip 

characteristic on the interface are most important to the 

composition nature of shear connector. A full-scale 

economic composite beam test should preferably be used in 

load-slip curve using efficient computer simulation, but in 

reality a simplified push-off test is followed. A push-out test 

sample is created by a short beam of steel which is attached 

by shear connectors to two small concrete plates (Fig. 1). 

The slabs are then placed directly on the reaction floor and 

loaded to the upper end of steel member. The slip between 

steel and the two slabs is determined at prescribed increases 

in displacement or load and the average slip is usually 

marked by load per connector. This push-off test specimen 

is comparable to CP 117 (Hicks and Jones 2013) Normal 

push-off test specimen using efficient computer simulation, 

but only 1 stud is attached to every flange because the load 

is believed to be similarly moved from the steel beam to 

every shear connector. It can be achieved for different stud 

diameters by modifying the finite element mesh only and 

without increasing the concrete measurements (Shariati et 

al. 2011, Luo et al. 2012, Wei et al. 2018, Shao et al. 2019). 

 

Fig. 1 Composite behavior, composite beam (left), steel beam with concrete slab (right) 

 

Fig. 2 Composite beam cross sections 
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