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ABSTRACT 

I-shaped Steel Girders with Corrugated Webs [SGCW] are used in steel structures because of their notable advantages. SGCW 

permits using a thin web plate without using stiffeners. This girder is useful for eliminating the use of stiffeners and larger 

thicknesses that contribute to the reduction in the weight and the cost of the girder. In this paper, a numerical study based on 

the Finite Element Analysis [FEA] was conducted to predict the behavior of SGCW. The verification study was conducted 

for previous experimental tests. Based on the previous investigations, the parametric study was carried on to investigate the 

actual behavior of SGCW with different parameters such as the web thickness, the girder height, the web shapes, and the 

corrugated angles under different loads. The results of the parametric study showed the effect of each parameter on the overall 

load carrying capacity of the beams and indicated that the corrugated angle is the most effective parameter for SGCW. 

KEYWORDS: Steel Girder with Corrugated Webs, Finite Element Method, Web Thickness, Corrugation 

Angle. 

1. INTRODUCTION  

Corrugated girders were used in the steel structures 

buildings because they have several advantages. Corrugated 

girders can carry high loads due to its corrugated web and 

permits using the thin web without stiffeners that leads to 

reduce the weight of the girders so reduce the cost of the 

program [1] to create and analyze the studied models. 

In general, studies on the behavior of SGCW were carried 

out by experimental, finite element and theoretical analysis 

methods. The Experimental studies were conducted by 

Heungbae et al. [2], by creating nine specimens of corrugated 

girders in order to study shear buckling strength of SGCW. 

Prabha [3], studied the behavior of cold formed steel with 

trapezoidal corrugation in web by varying the aspect ratio 

and angle of corrugation. From the experimental results it is 

observed that as the angle of corrugation increases, the load 

carrying capacity increases fabrication. The literature review 

illustrated that the strength of the web girders with different 

shapes of corrugations is better than the girder of the flat  
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web. The Finite Element Method [FEM] was used in this 

research by ANSYS® software  

Elgaaly and Seshadri [4], performed five experimental tests 

on simply supported girders with different position of the 

load. In all cases, the failure was due to bending of the flange 

with twisting and crippling of the web under the test load. 

Kovesdi et al. [5], determined the patch loading resistance of 

corrugated web girders of a real bridge by tests. Wang [6], 

tested eleven specimens for corrugated girders to study the 

behavior of the SGCW under static loading. 

Abdel-Khalek et al. [7], studied the shear behavior of three 

cantilever girders with corrugated. Qi Cao et al. [8], studied 

shear behavior of corrugated steel webs in H shape bridge 

girders. Chan et al. [9], investigated the bending behavior of 

steel structural girder with corrugated web subjected to 

three-point loading. Divahar and Joanna [10], presented the 

results of the experimental study on load carrying capacity 

of cold formed SGCW. Denan et al. [11], carried out an 

experimental study on the lateral torsional buckling behavior 

of steel girder with trapezoid web. Arunkumar et al. [12] and 

Krishnan et al. [13], investigated cold formed steel girder 

with corrugation in web with varying depth. The Finite 

Element Analysis [FEA] investigations were performed by 

Elgaaly and Seshadri [4]. Based on their previous research 

experiments, a FEM was developed to analyze the patch 

loading failure. Luo and Edlund [14], conducted finite 
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element study using the ABAQUS® program. Based on the 

FEA results, it was found that the increase of the angle of 

corrugation changed the buckling mode from global 

buckling to local buckling. After one year, Luo and Edlund 

[15], studied the ultimate strength of SGCW under patch 

loading using FEA method. The studied factors were the 

loading position, load distribution length and several 

geometric parameters. Based on the numerical results 

obtained, an empirical formula for the prediction of the 

ultimate strength is suggested. Limaye and Alandkar [16], 

determined the buckling strength of the girder with 

corrugated web.  Zhiquan and Wenlong [17] studied the 

influence of the corrugation angle and the profile 

dimensions on corrugated steel webs. Aggarwal et al. [18], 

study the local shear buckling behavior of SGCW using the 

program ABAQUS. 

Finally, based on the previous experimental and FEA 

investigations researches, the theoretical method was 

developed. Elgaaly and Seshadri [4], carried out the 

numerical analysis and the experimental work on SGCW 

and based on their numerical analysis and the experimental 

work, a formula was developed. Duong et al. [19] presents 

the results of analytical study of the lateral torsional 

buckling of an I-girder with trapezoidal web corrugations 

under uniform moment. The results were compared with 

previous studies of researchers such as Lindner [20] and 

Jiho Moon et al. [21]. 

The objective of this research is to study the behavior of 

girders with corrugated webs subjected to various types of 

loads using the FEM. Based on the validated results, a 

parametric study is conducted for 207 [3D] finite element 

models by changing the geometric parameters such as the 

web thickness, the girder height, the web shapes, and the 

angles of corrugation under different loads to determine the 

effective parameters and better understanding of the 

behavior of corrugated web girders. 

2. FINITE ELEMENT MODELING  

2.1. Verifications Study 

The verification study was carried out using FEM by 

ANSYS® program [1] for two different experimental tests 

for corrugated girders. One of these tests was subjected to 

patch load tested by Kovesdi et al. [5], while the second test 

was loaded statically by Wang [6]. The comparison between 

both the experimental and the FEM results is considered the 

basis for checking the validity of using the FEM in the 

parametric study.  

2.1.1. Patch Loading Resistance of Girders with 

Corrugated Webs 

The aim of the verification for this research is to determine 

the behavior of FEA model that was conducted by 

ANSYS® program [1] for SGCW subjected to patch 

loading and compared its results with experimental tests that 

were conducted by Kovesdi et al. [5]. 

2.1.1.1. Description of the Models 

Figure 1 shows the geometry of the corrugation profile that 

was used by Kovesdi et al. [5]. The bearing stiffeners were 

placed at the end of the girders from the same girder steel 

plate with 20 mm thickness. The corrugation profile is the 

same for all specimens and the angle of corrugation is 39° 

for all specimens. All models behavior was defined as linear 

elastic hardening plastic using multilinear isotropic 

hardening. The yield and ultimate strengths of the flange 

and the web as shown in Table 1 as well as Young’s 

modulus, E and Poisson’s ratio, ν. The material is supposed 

to behave linear elastic until reaching the yield strength by 

Young’s modulus, after that the material is assumed to 

follow linear hardening with a reduced hardening modulus 

Er equals to 0.01·E=2100 MPa. 

 
Figure 1: The geometry of corrugated girders from 

Kovesdi et al. [5]. 

Table 1: The material properties for flange and web 

girder [5]. 

Element 
Yield 

strength 

Fy (MPa) 

Ultimate 

strength 

Fu (MPa) 

Elastic 

modulus 

E (MPa) 

Poisson’s 

ratio (ν) 

Flange 379 517 210000 0.3 

Web 373 542 210000 0.3 

2.1.1.2. Finite Element Analysis 

The FEA models were created to simulate the behavior of 

corrugated web subjected to patch loading tested by 

Kovesdi et al. [5]. The applied load effect as a patch load on 

upper flange of the studied girder as shown in Figure 2. 

Figure 2  shows the applied boundary condition was 

created at each end the girder, one end was restrained 

only in X and Y direction, allowing the movement in 

the Z direction, while the other end of the girder was 

restrained in the three direction of X, Y and Z. The stage 

of the element meshing is very important for the FEA, as the 

accuracy of the results depends on it. The mesh sensitivity 

analysis study was performed to study the effect of density 

on the accuracy of the numerical analysis results. Based on 

these results the appropriate mesh was chosen in the FEA. 

This study were conducted to provide the accurate results 

with less run time. Three models of steel corrugated web 

were created to show the three different element mesh sizes, 

namely, coarse, intermediate and fine mesh.  
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Figure 2: The mesh sensitivity [A] coarse mesh, [B] intermediate mesh, and [C] fine mesh and boundary conditions 

of typical corrugated girder.

The total element number was about 21000 elements for  

the coarse mesh, 37000 elements for the intermediate mesh, 

and for the fine mesh the total number was about 155000  

elements, as in Figure 2 [A, B and C], respectively. 

According to the sensitive mesh study, Figure 3 shows the 

effect of using different mesh sizes on the load displacement 

response for the studied corrugated web. The comparison 

results of the FE models with fine mesh produced the most 

accurate results, but may take longer run time. While, the FE 

models with coarse mesh leads to less accurate results, but 

smaller run time. Based on the previous results, the 

intermediate size mesh is the appropriate size for the FEA 

which produced acceptable accurate results with acceptable 

computing run time. 

2.1.1.3. Result and Discussion 

2.1.1.3.1. Load Displacement Relationship 

During the tests, the applied force and displacements were 

measured on different positions, where Transducer 1 was  

placed on the web in 50 mm distance from the upper flange, 

Kovesdi et al. [5]. This transducer measured the horizontal 

displacement of the loaded fold and Transducer 2 measured 

the vertical displacement of the tested girder at the mid span 

under the lower [unloaded] flange. Figures 3 shows the 

comparison of the numerical analysis and experimental for 

specimen 1. 

 

Figure 3a: Comparison of load-displacement 

(horizontal) curves for specimen 1 Kovesdi et al. [5] 
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Figure 3b: Comparison of load-displacement 

(vertical) curves for specimen 1 Kovesdi et al. [5] 
 

2.1.1.3.2. Failure Modes 

Figures 4 shows the comparison of the numerical and 

experimental failure modes for two specimens. On the right 

side of the figures the experimental failure modes and on the 

left side the result of the finite element results are presented. 

The comparison is made for all test specimens and presented 

here for two girders. It proves that the structural behavior of 

the tested girders and the numerical models show good 

agreement. 

 

 

Figure 4: Comparison of ultimate failure modes for 

Specimens 1 and 9. 

2.1.2. Behavior of Steel Girders with Corrugated 

Webs and Tubular Flange 

The aim of the verification for this research is to determine 

the behavior of FEA that was conducted by ANSYS® 

program [1] for SGCW under static loading and compared 

its results with experimental tests that were conducted by 

Wang [6]. 

2.1.2.1. Description of the Models 

Wang [6], designed eleven specimens with different 

parameters to analyze the behavior of steel girder. These 

specimens was categorized to three groups of SGCW. The 

first group consisted of two specimens [S1 and S2] subjected 

to shear load while the second group studied the LTB for 

three specimens [At5c3, At8c3 and At8c4]. The third group 

studied the actual behavior of the bending for six specimens 

from Bd1 to Bd6. Three stiffeners were used in all the studied 

girders that were located at the supports and under the 

location of the load. The purpose of using these stiffeners 

was to transfer the loads to web and prevent the local 

crippling of the tubular flange. The material properties for all 

the studied groups of steel girders were modeled as elastic-

plastic material behavior with kinematic hardening. 

2.1.2.2. Finite Element Analysis 

FEM were developed for the tested girders using nonlinear 

analysis using ANSYS program. From the previous sensitive 

mesh study in the patch loading validations, to obtain 

accurate results from the mesh, the intermediate mesh size 

was recommended. Figure 5 shows the applied boundary 

conditions at which the supports were modeled as simple 

support. The load was applied along a transverse line of the 

upper surface of the compression flange above the mid 

stiffener, as shown in Figure 5. 

 

   Figure 5: Finite element mesh and boundary condition 

of typical corrugated girder. 

2.1.2.3. Results and Discussion 

2.1.2.3.1. Load Displacement Relationship 

    Based on the deformed shape of the steel girder, the 

vertical displacement for the girder can be determined. From 
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Figure 6, when comparing the results of the load 

displacement curves for the FEA with the experimental 

results, it can be noted that the initial range of loading for all 

girders is linear and the agreement between the FEA and the 

experimental results is very close. While for the nonlinear 

range loading, there is a small difference between the FEA 

and the experimental results, because in the FEA the stress 

strain relationship for steel sections was defined as elastic 

perfectly plastic which means the strain hardening was 

neglected. Also, based on the sensitive mesh study, the 

intermediate size mesh is the optimal element size for the 

FEA which produced accurate results with acceptable run 

time. 

 

 

 

 

Figure 6: Experimental and numerical load -

displacement curves 

2.1.2.3.2. Failure Modes 

Failure mode for specimen [S1] show the buckling 

behavior of girder under the effect of shear. Shear buckling 

mode of the girder is local buckling in the web, while the 

effect of tubular flanges can be ignored in analyzing due to 

the shear stress in tubular flanges is very small compared that 

in the web. In specimen Bd2, buckling mode of the upper 

flange is local buckling near the center of the girder as shown 

in Figure 7. 

 

 

 

   Figure 7: Experimental and numerical failure modes 

for specimens. 

 

 

 

 

 



 

91 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. PARAMETRIC STUDY  

    Based on the verification study, a parametric study was 

conducted to develop a 3D FEM corrugated girder to study 

the effect of the different parameters. The aim of this study 

is to predict a better behavior of corrugated girder under 

different loads, determine the influence of the effective 

parameters on load and displacement capacity and 

understand the girder response and provide useful data for 

design of steel corrugated girder.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1. Model Description 

    A total of 207 full 3D FE models were created to study the 

behavior of steel corrugated girders under the effect of 

different loads. All the girders were arranged according to 

certain labels as shown in Figure 8. The girders consisted of 

the flange, web, and stiffener where the dimensions of the 

flange and the stiffener are constant [width 200 mm, 

thickness 10 mm]. The length of girder, 4000 mm, while the 

other parameters are shown in Table 2 and Figure 8.

 

Figure 8: Typical 3D finite element model of the corrugated girder [a,b] and Finite element model label [c]. 

Table 2: Parameters of the studied specimens. 

 

Corrugation 

angle [α] 

 

Web    

Height [hw] 

mm 

 

Web 

Thickness [tw] 

mm 

 

Flat  

panel width   

[b] mm 

  

 

Corrugation 

depth 

[hr] mm 

 
 

 0° 
                 
 

400 

 

 

1.5 

 

         

            0 

 
 

 

50  

25° 
 

 

600 

 

 

3 

 
 

 

50 

 

45° 
 

 

 

            100 

 

65° 
 

 

800 

 

 

4.5 

 

 

100 
 

90° 
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3.1.1. Material Properties 

    The material properties for all parts of steel girders were 

modeled as elastic-plastic material behavior with kinematic 

hardening, based on the test of Kovesdi et al. [5]. The 

Young’s modulus is assumed to be 210000 MPa for all parts 

while the yield and the ultimate stress are equal to 376 MPa, 

460 MPa, respectively, and Poisson’s ratio is 0.3. The 

properties of these material remain constant throughout the 

analysis process.  

3.1.2. Boundary Conditions and Loading System 

    To obtain an accurate solution, a boundary condition was 

created at each end of the girder. One end was restrained only 

in X and Y directions, while allowing the movement in the Z 

direction and the other end of the girder was restrained in the 

three directions of X, Y, and Z. A displacement Uy = 200 

mm is applied statically under two point concentrated 

loading at l/3 span of the girder at the upper flange, as shown 

in Figure 8.  

3.2. FEA and Discussion of Results 

    A parametric study was performed on 207 SGCW of IPE 

400, 600 and 800 profile steel sections with different 

configurations. The studied parameters were girder height of 

web, thickness of web, corrugation angle, corrugation depth 

and flat panel width. The girder displacements were 

measured at the center of the lower flange.  

3.2.1. The Load-Displacement Relationship and 

Failure Modes 

    The load-displacement relationship shows the behavior of 

SGCW subjected to various types of loads. All measured 

load-deflection curves are investigated and compared to each 

other. The analysis showed that most of the differences occur 

in the post-ultimate behavior. Some specimens in the current 

study as shown in Figures 9-12 and while reading the results 

it is observed that:- 

Figure 9 compares between the flat web and corrugated 

web with angle 45°, while other dimensions remain constant. 

In case of flat web, the ultimate load is lower than the case 

of corrugated web, whereas in case of flat web linear part of 

the curve ended at load 52.15 kN which means the first 

yielding in the web or in the flange depending on the flange 

and web geometries. Between load 47.05 kN and 66.09 kN 

the flange and web plates are yielding at the same time and 

the ultimate load is reached at load 66.09 kN, while in case 

the corrugated web with angle 45°, Linear part of the curve 

ended at load 157.57 kN and the ultimate load is reached at 

load 170.34 kN. 

Figure 10 compares between the corrugated depth 50 mm 

and 100mm, while other dimensions remain constant. In case 

the corrugated depth 100 mm, ultimate load is lower than the 

case of the corrugated depth 50 mm, whereas in case the 

corrugated depth 100 mm linear part of the curve ended at 

load 79.89 kN and the ultimate load is reached at load 110.92 

kN, while in case the corrugated depth 50 mm linear part of 

the curve ended at load 99.27 kN and the ultimate load is 

reached at load 121.29 kN. 

Figure 11 compares between the web height 400 and 800 

mm, while other dimensions remain constant. In case the 

web height 400 mm, ultimate load is lower than the case of 

the web height 800 mm, whereas in case the web height 400 

mm linear part of the curve ended at load 138.11 kN and the 

ultimate load is reached at load 161.28 kN, while in case the 

web height 800 mm linear part of the curve ended at load 

328.08 kN and the ultimate load is reached at load 375.11 

kN. 

Figure 12 compares between the web thickness 1.5 and 4.5 

mm, while other dimensions remain constant. In case the 

web thickness 1.5 mm, ultimate load is lower than the case 

of the web thickness 4.5 mm, whereas in case the web 

thickness 1.5 mm linear part of the curve ended at load 99.27 

kN and the ultimate load is reached at load 121.29 kN, while 

in case the web thickness 4.5 mm linear part of the curve 

ended at load 158.83 kN and the ultimate load is reached at 

load 183.28 kN. 

 

Figure 9: Comparison between the flat web and 

corrugated web for model number 1 and 10, respectively 

 

 

Figure 10: Comparison between the corrugation depth 

50 and 100 mm for model number 4 and 7, respectively 
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Figure 11: Comparison between the web height 400 and 

800 mm for model number 13 and 151, respectively. 

 

Figure 12: Comparison between the web thickness 1.5 

and 4.5 mm for model number 4 and 50, respectively. 

Depending on the angle of corrugation, the thickness of 

web, the height of web, corrugation depth and flat panel 

width the failure modes can be different. Figure 9 shows the 

failure mode for the flat web [n1 hw400 tw1.5 α0 hr0 b0], 

the failure mode of the girder was lateral torsion buckling 

and shear buckling in web and by increasing the angle of 

corrugation [n10 hw400 tw1.5 α45 hr50 b100], the failure 

mode changed to the local buckling in web as shown in 

Figure 9. 

Figure 10 shows the failure mode for the model [n4 hw400 

tw1.5 α25 hr50 b100], where the failure mode is the local 

buckling in web and the local buckling in flange. Also Figure 

10 shows the failure mode for the model [n7 hw400 tw1.5 

α25 hr100 b100], where the failure mode was also local 

buckling in the flange and the web but here the local buckling 

became larger.  

Figure 11 shows the failure mode for the model [n13 

hw400 tw1.5 α45 hr100 b100] and the model [n151 hw800 

tw1.5 α45 hr100 b100]. This failure mode was local buckling 

in web and by increasing the height of the web from 400 to 

800mm, the buckled zone became smaller. 

Finally, by increasing the thickness of web, the failure 

mode changed from local buckling in flange and web to local 

buckling in flange only, where local buckling in web 

becomes very small. Figure 12 shows the failure mode for 

the model [n4 hw400 tw1.5 α25 hr50 b100], where the 

failure mode is the local buckling in flange and the local 

buckling in web. Also Figure 12 shows the failure mode for 

the model [n50 hw400 tw4.5 α25 hr50 b100], where the 

failure mode is the local buckling in flange and the local 

buckling in web became very small. 

3.2.2. Effect of Studied Parameters 

Different parameters can affect the actual behavior of the 

SGCW such as web thickness, angle of corrugation, height 

of steel girder, corrugation depth and width of horizontal 

plate. In all of the following models the length of steel girders 

remain unchanged [4000 mm].    

3.2.2.1. Effect of the Web Thickness 

To study the effect of the web thickness on the corrugated 

girders, the three girders with the web thickness tw = 1.5mm, 

3mm and 4.5mm are taken into account while keeping all 

other variables constant. It is observed that in the Figures 

from 13 to 18 when the web thickness increases, the ultimate 

load increases. In Figure 13 [hw=400mm, α=25°] the 

ultimate load of girder increased by 14.31% when the 

thickness of web was increased from 1.5 to 3 mm while in 

case the thickness was increased from 3 to 4.5 mm the 

ultimate load was increased by 19.65%, in Figure 13 

[hw=600mm, α=25°] the ultimate load of girder increased by 

8.37% when the thickness of web was increased from 1.5 to 

3 mm while in the case of the thickness was increased from 

3 to 4.5 mm the ultimate load was increased by 7.08% and 

also in Figure 13 [hw=800mm, α=25°] the ultimate load of 

girder increased by 3.53% when the thickness of web was 

increased from 1.5 to 3 mm while in case the thickness was 

increased from 3 to 4.5 mm the ultimate load was increased 

by 9.32%.  

3.2.2.2. Effect of the Angle of Corrugation 

To study the effect of the angle of corrugation on the 

corrugated girders, the five girders with the angle of 

corrugation α = 0°, 25°,45°,65° and 90° are taken into 

account while keeping all other variables constant. It is 

observed that in the Figures from 13 to 18 when the 

corrugation angle increases, the ultimate load increases. In 

Figure 18 [hw = 800mm, tw = 1.5mm] when the angle was 

increased from 0° to 25°, the ultimate load of the girder 

increased by 36.77%, while if the angle was increased from 

25° to 45°, the ultimate load of the girder increased by 

24.49%, while if the angle was increased from 45° to 65°, 

the ultimate load of the girder was increased by 8.44% and 

when the angle was increased from 65° to 90°, the ultimate 

load of the girder increased by 25.60%. 

3.2.2.3. Effect of the Corrugation Depth 

To study the effect of the corrugation depth on the 

corrugated girders, the two girders with the corrugation 

depth hr = 50 mm and 100 mm are taken into account with 

constant other dimensions. It is observed that in the Figures 
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from 13 to 18 when the corrugation depth decreases, the 

ultimate load increases. In Figure 14 and Figure 17 [hw = 

800mm, tw = 4.5mm, α = 25°] the ultimate load of girder 

increased by 18.10% when the corrugation depth was 

decreased from 100 to 50 mm, but in the case of angle 45°, 

65° and 90° the ultimate load of girder increased by 5.56%, 

9.83% and 20.38% respectively.  

3.2.2.4. Effect of the Flat Panel Width 

To study the effect of the flat panel width on the corrugated 

girders, the three girders with the flat panel width b = 0, 50 

mm and 100 mm are taken into account with constant other 

dimensions. From Figures 13 to 18 it is observed the inverse 

relationship between the ultimate load of the girder and the 

flat panel width whereas the decreasing of flat panel width 

leads to increasing in the ultimate load of girder. In Figs. 16 

to 18, [hw = 800mm, tw = 4.5mm, α = 65°] the ultimate load 

of girder increased by 15.79% when the flat panel width was 

decreased from 100 to 50 mm while in case the flat panel 

width was decreased from 50 mm to 0 the ultimate load was 

increased by 25.12%.  

3.2.2.5. Effect of the Height of Steel Girder 

To study the effect of the height of steel girder on the 

corrugated girders, the three girders with the height of steel 

girder hw = 400 mm, 600 mm and 800 mm are taken into 

account with constant other dimensions. It is observed in 

Figures 13 to 18 that when the height of steel girder 

increases, the ultimate load increases as shown in Figure 15 

[tw = 1.5mm, α = 90°] the ultimate load of girder increased 

by 31.94% when the height of steel girder was increased 

from 400 to 600 mm, but in the case of the height was 

increased from 600 to 800 mm the ultimate load was 

increased by 36.41%. Using thickness 3 mm the ultimate 

load of girder increased by 28.53% when the height of steel 

girder was increased from 400 to 600 mm, but in the case of 

the height was increased from 600 to 800 mm the ultimate 

load was increased by 39.77%. Finally in the case of the 

thickness 4.5 mm and the height of steel girder 600 mm and 

800 mm, the ultimate load of girder was increased by 29.98% 

and 31.63% respectively. 

 

      Figure 13: Ultimate load variation with different 

factors [hr = 50 mm, b = 0]. 

 

       Figure 14: Ultimate load variation with different 

factors [hr = 50 mm, b = 50 mm]. 

 

      Figure 15: Ultimate load variation with different 

factors [hr = 50 mm, b = 100 mm]. 

 

   Figure 16: Ultimate load variation with different 

factors [hr =100 mm, b = 0]. 
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  Figure 17: Ultimate load variation with different 

factors [hr =100 mm, b = 50 mm]. 

 

  Figure 18: Ultimate load variation with different 

factors [hr =100 mm, b = 100 mm]. 

4. SUMMARY AND CONCLUSION 

    This research focuses on the behavior of SGCW subjected 

to various types of loads using FEM. The verification study 

was conducted using ANSYS for two different experimental 

tests on the form of load-displacement curves and the 

observed failure modes. The verification showed good 

agreement between the experimental and FEM results for 

load-displacement behavior and the failure modes. A total of 

207 full 3D FE models were created to study the behavior of 

SGCW subjected to various types of loads with different 

parameters. Examining the FEA results in the parametric 

study, it is observed that:-   

1. The FEA can simulate the behavior of the SGCW with a 

very good agreement. It saves time, costs and gives 

accurate results when compared to the experimental 

results. 

2. The FEA results showed a good agreement with the 

experimental ones with a difference varies from 4% to 

6%. 

3. The parametric study showed that the steel girder with 

corrugated web can carry high loads when compared to 

the flat web girder with the following details: 

 When the angle of the corrugation increased from 0° to 

25°, the ultimate load of the SGCW increased from 

8.19% to 184.49%. 

 When the angle of the corrugation increased from 25° 

to 45°, the ultimate load of the SGCW increased from 

17.33% to 61.46%. 

 While the angle of the corrugation increased from 45° 

to 65°, the ultimate load of the SGCW increased from 

3.90% to 41.61%. 

 Finally, when the angle of the corrugation increased 

from 65° to 90°, the ultimate load of the SGCW 

increased from 12.34% to 49.35%.   

4. It is observed that the angle of corrugation of 90° gives 

the highest ultimate load. 

5. Corrugated web thicknesses, corrugation depth, web 

height and flat panel width influence the behavior and 

ultimate load of the steel girder with the following 

details: 

 When the web thickness increased from 1.5 to 4.5 mm, 

the ultimate load of the SGCW increased from 3.53% 

to 45.01%. 

 Increasing the height of the web from 400 to 800 mm, 

the ultimate load of the SGCW increased from 19.72% 

to 131.81%. 

 While the corrugation depth increased, the ultimate 

load of the SGCW decreased from 1.21% to 32.90%. 

 Finally, the ultimate load of the SGCW decreased from 

1.68% to 34.92%, when the flat panel width increased. 
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