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Abstract 
  

In this paper, Solid Works software analysis is used for promote a three-

dimension geometry finite element (FE) model for simulating the flexural 

behavior of I-section &Square hollow part of universal carbon steel beam. 

Furthermore, the analytical results with the same moment capacity were 

compared between I-section and square hollow section of universal steel 

beam in order to analyze the simulation output and compares the structural 

performances of the beams. The FE model was used to determine the stress, 

strain, and displacement for all steel beams. Also, represent a realistic solid 

mechanics and heat transfer engineering problem into a finite element model. 

Furthermore, to use Solid Work by build a computational model, run 

simulations, and analyze the output of the simulation when solving for 

simple solid mechanics and heat transfer problems using FEM-based 

software and to confidently identify the optimum design. Analysis Finite 

element method was performed toward determine and study the effects of 

geometrical on both modal steel beams with carbon steel under uniformly 

distributed transverse load. The cross section considered in this study  
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includes of dimensions D = 533 mm the total length of section, and the 

thickness of the flange T = 15.6 mm, B = 210 mm length of the flange, t = 10 

mm the thickness of the web, d = 476.5 mm the length of the web for I-

section beam. Furthermore for square hollow section beam with the 

dimensions of 400 x 400 mm and the thickness is t = 12.5 mm. In this study, 

the load that has applied for the both beams was 1000N and with the same 

length which was 1000mm and using the same material which was carbon 

steel for square hollow section and I-section beam as well. It was found that 

the displacement of square hollow section was bigger than the displacement 

in I-section beam; due to less thickness of I-section beam. 

 

Keywords: Square hollow section beam, I-section beam stress, Strain, 

Displacement, Solid Works,sustainable 

 

1 Introduction 
 

The modal investigation examines the behaviour of mechanical systems 

under dynamic excitement. Furthermore, the other merit of modal analysis is 

leads to decrease the device noise on the climate and environment. 

Additionally, this helps to illustrate that vibrations harm the integrity of the 

system components. However, in certain operating circumstances can 

improve the overall system's performance. In order to study these methods of 

modal analysis, two basic modal analysis methods, numerical modal analysis 

as well as experimental modal analysis, are available. Furthermore, the 

modal investigational research focuses on calculating input data that is used 

to construct a mathematical model. Yet, the model must be constructed from 

various levels of analysis [6].The FEM method is a mathematical method for 

solving the differential or integrated equation [2].Constant demands for 

economic structural models have led to an increase in the use of composites 

construction [4].In this form of construction, a significant economy was 

observed, particularly in the bridges and floors [1]. 

Most of the investigations in this area concentrated on the renovation of 

obviously corroded I-girders [3]. The girders Reparation for damage 

simulations artificially carved into the laboratory [9]. Like any other 

engineering component, it is necessary to properly design these structures to 

guarantee a dynamic and effective application. In addition, the (FEA) can be 

used to check the structural integrity of the model like SolidWorks, Ansys, 

Cosmos, Nastran, Pro-Engineer, and Solid Edge With this method, it is 

possible to potentially test and validate the model before manufacturing the 

prototype, saving time and cost. The Finite Element analysis (FEA) approach 

is regarded as the fast increasing focus of for numerous projects, such as 

stress examination and strain supplies crossways the glue thickness in a solo 

lap composition joins [7]. The precise forecast of the structural strength 

(FEA) of the composite depends mainly on the reliability of input and  
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parameters such as mechanical properties, constraints and loading. The 

material is usually measured in mechanical quality by permitted three-point 

bending tests on a sample specimen. The findings of a sample cannot 

replicated on dissimilar samples due to material is not homogeneous. Internal 

defects likes training, moisture, voids, etc, can also affect the properties 

measured. Furthermore according to such cases, by implementing the 

experimental methods it is essential to accuracy the forecasts of FEA results. 

Several researchers conducted such relative studies. [10]. 

Because the (FEA) provides a great deal of displacement and stress 

result, additional accurate study of experimental and (FEA) effects can be 

carried out if tests are carried out across an area of the system being studied 

and also it is requires via the whole-field measurement techniques in the 

experiments. For measuring deformation and strain various optical non-

contact field measuring methods are available. These include an 

interferometry system for electronic speckle patterns (ESPI), holographic 

interferometry, imaging of speckles and shearographic speckles. According 

to some conditions of techniques, solid works software is considering the 

best method to execute and also consider the most cost effective can be 

implementing. The major part of this analysis is consists of determining such 

as stress, displacement and strain of universal steel beam for I-section type as 

well as square hollow section type. The solid works software was applied to 

measure the deformation on I-section type and square hollow section type 

universal beam using carbon steel under axial loading. This work is 

concentrate on finding the simulation outcome of the deformed shape for 

square hollow section type and I-section beam type with carbon steel and 

analyzes the simulation output and compares the structural performances of 

the beams. 

The previous studies were discussed in section 2. The proposed modal 

was discussed in section 3, the results are analyzed and discussed in section 

4. Section 5, describes about conclusion.  

 

2 Literature Review 
 

The author in [6] had carried out a study using Solid Works to modalize 

a cantilever beam in the graphical environment. The cantilever beam was 

fixed at one end and to that end all degrees of freedom were taken, beam can 

not move and rotate. In Solid Works, mode shapes and natural frequencies 

are determined with numerical formulation of the direct solver including the 

Lanczos block method. 

The author in [5] had been investigated on strengthening of steel square 

hollow sections beams (SHS) using carbon fiber reinforced polymer (CFRP) 

by using finite element method three-dimensional (3D) modeling and 

nonlinear static analysis methods using ANSYS software were applied on  
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twelve hollow steel beams with different deficiencies that were strengthened 

using CFRP sheets. The results showed that application of CFRP sheets for 

strengthening of deficient torsional hollow steel beams could improve the 

strength lost due to deficiency, significantly. 

Ma, Chan, & Younget al [8] had studied a test program on cold-formed 

high strength steel tubular beams was conducted. The 0.2% nominal high-

strength steel pressure in this analysis was 700, 900 and 1100 MPa. Twenty 

five four-point bending experiments have been carried out on circular, 

rectangular and triangular structural hollow parts. Experimental results have 

been compared with European code, Australian Standard and North 

American design values for hot roller and cold-formed steel structures. In 

addition, the test strengths were compared with the Direct Strength Method 

predictions. The compactness requirements are evaluated by comparing the 

thinness of the section with the thinness rates in code. 

 

3 Methodology 

 

In this study, numerical modal analysis is conducted in the Solid Works 

simulation programme. However, the study of geometry the I-section beam 

with using the dimensions of D = 533 mm which is the total length of section 

in addition the thickness of the flange T = 15.6 mm, B = 210 mm length of 

the flange, t = 10 mm the thickness of the web, d = 476.5 mm the length of 

the web. Furthermore for square hollow section beam with the dimensions of 

400 x 400 mm and the thickness is t = 12.5 mm of universal steel beam with 

carbon steel is created in 3D background. Then with the same moment 

capacity which is 2360cm
3
 and with same force which is 1000N is selected 

for both of the beams and the material of I-section and square hollow section 

beam is defined and it is made of carbon steel.  
Table 1 Section Beam Material Properties 

 
No Property   Value 

1 Elastic modulus(MPa) 205000 

2 Tensile Strength (MPa) 425 

3 Yield Strength (MPa) 282 

4 Mass density(kg/  ) 7858 

5 Poisson's ratio 0.3 
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Material properties of I-section beam are presented in Table 1 and 

material properties of square hollow section beam are presented in Table 2. 

In order to analyze the simulation output and compares the structural 

performances of the beams under uniformly distributed transverse load. The 

cross-section with its I-section beam dimensions is shown in Figure 1 and 

Figure 2, whereas the cross-section with its square hollow beam dimensions 

is shown in Figure 3. 

 

 
Figure 1 Section Universal Steel Beam Info Cross-S Section 

 

 
 

Figure 2 Design of I-Section Universal Steel Beam (Solid Works)  
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Table 2 Material Properties of Square Hollow Section Beam 

 
No Property   Value 

1 Elastic modulus (MPa) 205000 

2 Tensile Strength (MPa) 425 

3 Yield Strength (MPa) 282 

4 Mass density(kg/  ) 7858 

5 Poisson's ratio 0.3 

 

 
 

Figure 3 Description of the Details Square Hollow Section Universal Steel Beam 

Cross Section 

 

 
 

Figure 4 Square Hollow Universal Steel Beam Design Section (Solid Works) 
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3.1 Solid Works Software 
 

The Solid Works software is considering engineering three-dimensional 

application. It is also has a function of three degrees for the requirements of 

the companies. The Solid Works Standard can be used for fast modeling, two 

dimension and three dimension development. The Solid Works Professional 

is Solid Works Standard's superstructure. It enhances effectiveness, innovates 

with keys and solutions that millions of designers and engineers use there are 

other modules like Animator, Image Works. However, Solid Works Premium 

is the world's best software for the whole world. The Solid Works 

professional conglomerates its abilities with simulations. The Solid Works 

professional is comprised in the Solid Works Simulator, which provides 

simple simulator methods to measure stress, stress, dynamics, and film and 

simulation conditions of the real world. (Solid Works) [11]. 

In Figure 2 shows The modal analysis and the design of I-section 

universal steel beam furthermore in  Figure 4 shows The modal analysis and 

the design section of square hollow universal steel beam is achieved by Solid 

Works software in Figure 5. 

 

 
 

Figure 5 Graphical Environments of Solid Works 
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3.2 Loading and Boundary Conditions 
 

The parametric studies are assigned to the I-section and square hollow 

section types of universal steel beam as well as the boundary conditions of 

the two beams are defined. In addition the loading conditions were applied 

using the boundary conditions of each cross section of fixed support from 

one edge. The surface of the beam is free from all degrees. The boundary 

conditions are indicated with green flag as shown in Figure 6 (a) for I-section 

type beam and in Figure 6(b) for square hollow section type beam. These 

conditions prevent the surface movement in a space. 

 

 
 
Figure 6 (a) Border Conditions(I – Section Beam), (b) Boundary Conditions (Square 

Hollow Section Beam) 

 

3.3 Finite Elements Mesh 
 

Mesh on I-section and square hollow section beam is created 

automatically by using Solid Works software;however,SOLID187 spatial 

element is used. Additionally, The component is described in ten nodes, each 

node is free in three degrees. The SOLID187 is quadratic and can be 

modelled for irregular mesh elements. For I-section beams the maximum size 

is 35.6101 mm, while for square hollow section beams the maximum 

dimension is 35.5032 mm. The mesh in Figure 7 has 7880 elements, and 

15833 I-section beam nodes; the mesh in Figure 8 has 7964 elements and 

15864 square hollow beam nodes. From the Table 3 shows when the mesh 

size of I-Section beam is 35.6101mm the Resultant displacement is 

0.012657mmand from the Table 4shows the mesh size of Square hollow 

Section beam is 35.5032mm, the Resultant displacement is 0.017086mm. 
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Table 3 Mesh Size For I- Section Beam 

 
Mesh Size Resultant Displacement 

35.6101mm  0.012657mm 

 

 

 
 

Figure 7 Mesh Of Finite Element On I - Section Beam 

 
Table 4 Mesh Size For Square  Hollow Section Beam 

 
Mesh Size Resultant Displacement 

35.5032mm   0.017086mm 
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Figure 8 Mesh of Finite Element on Square Hollow Section Beam 

 

4 Obtained Results and Their Comparison 

 

Solid Works Simulation software uses a technique to assess and evaluate 

components such as stress, striation and displacement for internal and 

external loading by the shift formulation of the finite element (FE).The load 

that has applied for I-beam section with square hollow section of universal 

steel beam was 1000N as well as the same length which was 1000 mm and 

using the same material which was carbon steel. The displacement of square 

hollow section was bigger than the displacement in I-beam section, due to 

less thickness of I-beam section. The modal analysis for both universal 

beams is applied by Solid Works software furthermore the components of 

displacements, strains, and stresses are also calculated for I-section and 

square hollow section of universal steel beam. The obtained results of stress, 

strain, displacement are presented in Table 5 for I-section beam and the 

obtained results of stress, strain, displacement are presented in Table 6 for 

square hollow section beam .furthermore the obtained mode shapes are 

depicted in Figure ( 9, 10, 11, 12, 13 and 14) for I-section beam. However, 

the obtained mode shapes are depicted in Figure (15, 16, 17, 18, 19, and 20) 

for square hollow section beam. 
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Table 5 Stress, Strian, And Displacement of I- Section Beam 

 
Name Min Max 

Von mises stress 185 (N/   ) 104 (N/   ) 

Resultant Displacment 0 mm 0.012657 mm 

Equivalent Strain 5.83726e-010 2.91386e-006  

X Displacement -0.0126489 mm  0 mm 

Y Displacement -0.00032137mm 0.000320949 mm 

Z Displacement -0.00048436 mm 0.000482115 mm 

 

 

 
 

Figure 9 Von Mises Stress (I-Section Beam) 

 



 
 

 

 

 

 
887 Ary ShehabJamil et al. 

 

 
 

Figure 10 Resultant Displacement (I-Section Beam) 

 

 
 

Figure 11 Equivalent Strain (I-Section Beam) 
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Figure 12 I-Section Beam X Displacement 

 

 
 

Figure 13 I-Section Beam Y Displacement 
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Figure 14 I-Section Beam Z Displacement 

 
Table 6 Stress, Strian, and Displacement of Square Hollow Section Beam 

 
Name Min Max 

Von mises stress 3141 (N/   ) 130 (N/   ) 

Resultant Displacment 0 mm 0.017086 mm 

Equivalent Strain 1.26453e-008 4.21554e-006 

X Displacement -0.00718614mm 0.0071839 mm 

Y Displacement -0.017086 mm 0.0028907 mm 

Z Displacement -0.00055814 mm 0.000561807 mm 
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Figure 15 Von Mises Stress (Square Hollow Section Beam)  

 

 
 

Figure 16 Resultant Displacement (Square Hollow Section Beam) 

 

 
 

Figure 17 Equivalent Strain (Square Hollow Section Beam) 
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Figure 18 Square Hollow Section Beam X Displacement 

 

 

 
 

Figure 19 Square Hollow Section Beam Y Displacement 

 

 

 
 

 

 
Figure 20 Square Hollow Section Beam Z Displacement 
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4.1 Safety Factor 
 

4.1.1 Safety Factor and Factor Designing 
 

The difference between the safety factor and the design factor are: which 

against the intended component can be resisted. However, the design factor 

indicates what the component must resist. The development factor for the 

application is also indicated (generally defined in advance and often decided 

under the regulatory code or policies) rather than a real calculation, and for 

the designed actual item, the safety factor constitutes the relationship 

between maximum strength and intended load. 

 

               
                 

           
 

 

The design loads are the highest load ever required for the component. 

According to this concept, a structure with an appropriate 1 safety factor 

(FOS) will accept design load only and will no longer support additional 

loading as the main reason for the structure failure. At twice the model load a 

system with a 2 (FOS) fails. In Table 7 shows the result of factor of safety for 

I-section beam and in Table 8 shows the results of factor of safety for square 

hollow section beam. 

 
Table 7 Factor of Safety of I-Section Beam 

 
Name Type 

 
 

Yield 

strength 

of steel 

(N/   ) 

Max 

stress 

with 

1000 N 

of the 

load 

(N/   ) 
 

  

(FOS) 
 

Min 

stress  

(N/   ) 

Max 

stress 

(N/   ) 

 

Stress Von 

mises 

stress 

282 104 2.711 185 104 
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Table 8 Factor of Safety of Square Hollow Section Beam 

 
Name Type 

 
 

Yield 

strength 

of steel 

(N/   ) 

Max stress 

with 1000 

N of the 

load 

(N/   ) 

m 
 

  

(FOS) 
 

Min 

stress  

(N/   ) 

Max 

stress 

(N/   ) 

 

Stress Von 

mises 

stress 

282 130 2.169 3141 130 

 

 

5 Conclusion 
 
 The present work is concerned with the model of I-section and square 

hollow section of the universal steel beam with carbon steel. Finite element 

analysis has been carried out by using Solid Works software to investigate 

the behavior of the modals. 

 Moreover for both I-section and square hollow section the different mesh 

(SOLID187) was used. There are more components, more nodes, more and 

more complicated calculations. At that point the modal analysis of the I-

section and square hollow section of universal steel beam has been 

simulated, executed and the mode shapes and their stress, strain, and 

displacement were computed.  

 Based on the results, the displacement of square hollow section was 

bigger than the displacement in I beam section, due to less thickness of I 

beam. The Safety factor has been obtained 2.711 for I-section beam and the 

safety factor is 2.169 for square hollow section along with their application 

of the displacement place will be so breakable chances of stress of mises. 
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