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ABSTRACT 

Today, the use of alternative materials such as wood and composite materials in structures is one of the 

solutions of structural engineers. Reducing the consumption of steel in the structure reduces emissions and 

reduces the weight of the structure. Therefore, in the present paper, it is tried to model common connections 

in steel structures using ABAQUS software and finite element method (FEM). In the connections, it is tried 

to replace steel beams with wooden and aluminum beams in order to check their effect on the seismic 

performance of the connection. Connections are subjected to static loading. The results show that the steel 

beam has a much better performance compared to wooden and aluminum beams. But the wooden beam has 

a relatively good performance and can be used in steel structures. Numerical values of seismic parameters 

including von mises stress, displacement and support reaction force in wooden beam compared to steel 

beam were 20.71 times, 0.216 times and 0.828 times, respectively. It is suggested to use wooden composite 

beams in some steel structures and experimentally. 
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1. Introduction 

Steel connections are the most common types of elements in steel structure. Today, some structural 

designers have suggested new materials for connections. The use of materials including wood and 

aluminum in connections has become common in the world. The steel used in the structures 

increases the weight of the building and the shear forces of the members. It also increases the 

production of carbon dioxide. Therefore, the use of suitable materials instead of steel reduces the 

costs and pollution of the structure [1,2]. Zhang et al. [3] investigated the performance of light steel 

structure with balsa wood. The test findings indicate that a reduction in ultimate load-bearing 

capacity ranging from 13% to 41%, accompanied by an escalation in deflection between 1.7 and 

13.9 times, as the shear span to depth ratio ranges from 1 to 6. All beams experienced failure at 

deflections ranging from span/114 to span/50. Nguyen et al. [4] investigated the fire loading of 

wood-reinforced steel structure. In this study, the fire tests were performed on various steel-timber 
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combinations using T and I steel cross-sections with various wood species. The results showed that 

Wood performed as an insulating material that significantly reduced the temperature rise in steel. 

Dias et al. [5] investigated the bonding behavior of steel and concrete with wood waste. It was 

concluded that the reference concrete without wood incorporation cracked for lower loads (26.0 

KN) than the composites with wood (above 38.8 KN) and presented much higher bending stiffness 

(27835 KN.m2) than the wood-concrete composites (below 8544 KN.m2). Chen et al. [6] 

investigated Hardened wood as a renewable alternative to steel and plastic. Dong et al. [7] 

investigated hybrid steel frame and light wood shear walls with friction dampers. The results 

showed that the damped structure remains damage-free up to about 1.5% inter-story drift when the 

wall-to-frame stiffness ratio is 6:1. Zheng et al. [8] investigated sandwich beams with FG porous 

aluminum core. The findings suggest that the thickness of the core has no impact on the duration 

of the initial impact. Liu et al. [9] investigated aluminum alloy beam string structures. Duan et al. 

[10] designed and analyzed steel-aluminum hybrid beams. The results indicate a severe instability 

deformation mode of hybrid beam is easily to happen when the loading angles increases. 

In the present paper, by using wooden and aluminum materials, it is tried to improve the 

performance of beams in building connections. Reducing the steel in the structure has advantages 

including: 

A) Reducing the weight of the structure, 

B) Reducing the seismic forces on the structural members, 

C) Reducing the construction costs,  

D) Reducing the air pollution (due to the chemical activities of steel with air),  

F) Reducing water consumption (in the process of steel production in the factory), 

E) Simplicity in the implementation of the structure [1,4].  

Therefore, in the present paper, with the finite element method (FEM) and ABAQUS software, the 

structure connections are in three types: 

1) Connection with steel column-steel beam, 

2) Connection with steel column-wooden beam, 

3) Connection with steel column-aluminum beam is designed and analyzed. Static analysis and 

loading are performed as a point in the center of mass of the beams. Therefore, the present paper 

has innovations including changing the type of materials in the horizontal beam. Figure (1) shows 

an example of wooden and aluminum beams in the structure. 

 

 
Figure 1. Placement of wooden and aluminum beams in structural connections [1]. 
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2. Methodology 

The present paper was done with the finite element method and modeling of structural connections. 

Connections were designed and analyzed in ABAQUS software. Three different types of beams 

including steel beams (with St37 steel), natural wood and aluminum were used in the connections. 

Column and beam in connection are HE140 and RHS150x100x5 respectively. The connections 

designed in the present paper are presented in Figure (2). 

 

 
Figure 2. The FEM of connection in the present paper; steel, wooden and aluminum beams. 

 

The specifications of the materials used (steel, wood and aluminum) in the modeling of connections 

in the present paper are presented in Table (1). 

 
Table 1. Specifications of st37 steel for modeling structural elements in the present paper. 

Plastic Zone Elastic Zone 

Parameter 

)Unit( 

Second step first step 
Poisson's 

Ratio 

Young’s 

Modulus 

)Kg/𝐜𝐦𝟐( 

Mass Density 

)Kg/𝐜𝐦𝟐( Plastic 

Strain 

Yield 

Stress 

Plastic 

Strain 

Yield 

Stress 

0.03 490 0 355 0.3 210000 7850 St37 steel 

- - - - 0.15 150000 700 Wood 

- - - - 0.33 69000 2810 Aluminium 
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The connections were subjected to static analysis. A concentrated load of 15000 Kg was applied at 

the top of the beam. Also, the supports in the column were included as clamped (Figure 3). 

 

 
Figure 3. Clamped support and concentrated load during finite element modeling. 

 

The connection meshing was done with the smallest dimensions, especially in the beam-to-column 

connection zones. In Figure 4, the connection mesh is presented. 

 

 
Figure 4. Connection meshing in software modeling. 

 

 

3. Results 

3.1. Von Mises Stress 

Figure 7 shows the von mises stress caused by static loading in connections with steel, wooden and 

aluminum beams. 
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(a)                                             (b)                                            (c) 

Figure 5. Von Mises stress in connections with (a) steel, (b) wooden and (c) aluminum beams 

 

Figure 5 showed that the maximum stress in connections with steel, wooden and aluminum beams 

is equal to 490, 10149 and 4143 MPa, respectively. Therefore, the maximum stress has been created 

in the wooden beam. The von mises stress diagram at the end of the beam is presented in Figure 6. 

 

 
Figure 6. Von Mises stress diagram in steel, wooden and aluminum beams under static analysis 

 

Figure 6 showed that the power of steel beam (for 117.6 seconds) in bearing static load is much 

higher than wooden beams (for 56.28 seconds) and aluminum beams (for 10.65 seconds). The steel 

beam had a constant trend during loading. But wooden and aluminum beams had many changes. 

The performance of the wooden and aluminum beams was the same until the initial times (11 

seconds), but after 11 seconds, the aluminum beam lost its ability to bear the load. Therefore, the 

performance of the wooden beam was much better than the aluminum beam. Overall, the 

performance of steel beams was better than wooden and aluminum beams. But the performance of 

the wooden beam was also suitable. 
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3.2. Displacement 

Figure 7 shows the displacement caused by static loading in connections with steel, wooden and 

aluminum beams. 

 

 
(a)                                          (b)                                              (c) 

Figure 7. Displacement in connections with (a) steel, (b) wooden and (c) aluminum beams 

 

Figure 7 showed that the maximum displacement in connections with steel, wooden and aluminum 

beams is equal to 139, 30 and 5.6 cm, respectively. The power of steel beam in bearing static load 

is much higher than wooden and aluminum beams. Therefore, the strength of the wooden beam is 

suitable and in case of seismic improvement, it will be possible to use the wooden beam in steel 

structures. 

 

 
Figure 8. Displacement graph in connections with steel, wooden and aluminum beams 

 

Figure 8 showed that the steel beam could withstand the static force for 117.6 seconds. Wooden 

and aluminum beams were able to withstand the static force for 56.28 and 10.65 seconds, 

respectively. In general, the wooden beam performs well in combination with the steel column. 
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3.3. Plastic Strain 

Figure 9 shows the AC YIELD (plastic strain) caused by static loading in connections with steel, 

wooden and aluminum beams. 

 

 
(a)                                             (b)                                          (c) 

Figure 9. Plastic strain in connections with (a) steel, (b) wooden and (c) aluminum beams 

 

Figure 9 showed that in the connection with the steel material (column and beam), a larger zone 

has plastic strain. The results showed that the wooden beam had a greater capacity compared to the 

aluminum beam and had a larger plastic zone (compared to the aluminum material). Therefore, the 

seismic performance of the wooden beam is suitable and it can be used in steel connections. 

 

3.4. Reaction Force 

Figure 10 shows the reaction force (RF) caused by static loading in connections with steel, wooden 

and aluminum beams. 

 

 
Figure 10. Reaction Force in connections with (a) steel, (b) wooden and (c) aluminum beams 
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Figure 10 showed that the aluminum beam was lighter (compared to steel and wooden beams), 

which reduced the support reaction force. Therefore, in this section, the aluminum beam has the 

best performance. Figure 11 shows the Arc length-Force diagram at the point of maximum force 

(in column reaction force parameter), for the three investigated connections. 

 

 
Figure 11. Arc Length-Force diagram in connections with steel, wooden and aluminum beams 

 

Figure 11 showed that the strength of the steel beam is much higher than that of the wooden and 

aluminum beams against the static load. Also, the capacity of the wooden beam is also suitable. In 

case of seismic improvement of connection with steel column-wooden beam, it will be possible to 

place wooden beam in steel structures. 

 

4. Conclusions 

The present paper investigated the effect of steel, wooden and aluminum beams in structural 

connections. Modeling was done with ABAQUS software and finite element method (FEM). The 

connections were subjected to static loading and the seismic performance was compared. The most 

important results of the present paper are as follows: 

1-The steel beam had a much better performance in all investigated seismic parameters, including 

von mises stress, displacement, plastic strain and support reaction force, compared to wooden and 

aluminum beams. 

2-The performance of the wooden beam was relatively suitable for placement in steel structures. 

Numerical values of seismic parameters including von mises stress, displacement and support 

reaction force in wooden beam compared to steel beam were 20.71 times, 0.216 times and 0.828 

times, respectively. 

3-The performance of aluminum beam was not suitable for placing in steel structures. Numerical 

values of seismic parameters including von mises stress, displacement and support reaction force 

in aluminum beam compared to steel beam were 8.45, 3.64 and 0.504, respectively. 
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5. Suggestions 

By doing the present paper, the following suggestions are provided for others: 

1-Conducting the present paper using laboratory methods and comparing the results with the 

present paper 

2-Conducting paper with other new materials such as NANO materials, other types of wood and 

composite materials 

3-Conducting paper using finite element software such as OPENSEES and ANSYS and 

determining the amount of error in the modeling of the present paper 
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