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ABSTRACT — The correlation between the I-beam web-
to-flange ratio to the accuracy of stress is investigated.
The beam’s theory is used to validate the Finite Element
Analysis (FEA) result. The accuracy percentage is
evaluated based on the validation result. Finally, the new
web-to-flange ratio was established to limit the height, h
of the I-beam section which has promisingly improved
the accuracy of stress. The web-to-flange ratio of 0.8,
1.95, and 5.2 are recommended to use for I-beam base, b
of 100 mm, 200 mm, and 300 mm to ensure the stress
accuracy is maintained above 95%.

1. INTRODUCTION

I-beam section has been widely used in the
construction of civil infrastructure, automobile
structures, and oil and gas installations. It is due to the I-
beam section’s characteristics of small size, their strength
to weight ratio, and the ensuing price that demonstrated
capability to withstand various types of loads [1].
Generally, Euler Bernoulli’s beam theory is used to
evaluate the stress on the beam caused by the applied
load. The previous research by Helene Xue and Hassan
Khawaja’s used the Bernoulli beam equation to solve a
four-point bending problem [2].

Mostly, rapid engineering analysis such as finite
elements is used to solve the following structural
properties known as static displacement and static stress
[3]. An important step in finite element modeling (FEM)
is the selection of the mesh density. When there is an
increase in mesh density, it has a negligible effect on the
results. Normally, a convergence study is carried out to
determine an appropriate mesh density [4].

Next, the boundary conditions play a crucial role in
capturing the true response of the structure. Generally,
the predictions obtained from the analysis are compared
with test results. Displacement boundary conditions are
needed to constrain the model where the supports exist to
ensure that the model acts the same way as the
experimental beams [4]. For four-point bending, the
boundary condition is given by applying total force to
two points at equal distances from the supports, while the
fixed support is placed at two ends of the beam [5].

In this research, the FEA is performed to validate
the stress result obtained from the Euler Bernoulli
bending equation for the I-beam section. It is done to
investigate the correlation between the web-to-flange to
the accuracy of analytical and numerical analysis. The

acceptance rate of accuracy percentage is set at 95%. The
acceptance rate is set based on the previous study by
Farzampour et al. on the accuracy of the analytical and
FE analysis for corrugated steel plates [6]. Finally, a web-
to-flange ratio was established to limit the height, h of the
I-beam section that has affected the accuracy.

2. METHODOLOGY

2.1. Model simple I-beam

The I-beam’s web and flange thickness parameters
are set for 8 mm and 5.5 mm respectively. At the same
time, the length of the I-beam section is set at 6000 mm.
It is because the steels are usually delivered in standard
size of 6000 mm by industrial suppliers.

2.2. Euler Bernoulli beams theory

The Euler Bernoulli bending equation is used to
evaluate the Von Misses stress caused by the applied
force. The yield stress for mild steel of 250 Mpa is used
as the limit state to determine the force for the analysis.

2.3. Boundary condition

The boundary condition of the I-beam model was
proposed for this study based on the four-point bending
condition as shown in Figure 1. It is based on the
American Society for Testing and Materials, ASTM
which allows overhanging on each flange end should be
less than 10% of the support span [7]. Therefore, the
remote displacement was placed at each support. The
value of the Y-axis was set as default-free 0. It is to fix
the movement at the support of the Y-axis. Next, two
force points were located at 1600 mm from the supports.
Two edges of the web are selected to place the boundary
condition.
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Figure 1 Boundary condition for four-point bending of
the beam.

2.4. Convergence meshing study
A convergence study is carried out to determine an
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appropriate mesh density. Nine types of mesh are used to
find the best mesh size for FEA. The meshing quality of
fine is used to determine the maximum stress value for
the study. The number of elements from 486 to 4560 is
used to obtain the maximum stress.

3. RESULT AND DISCUSSION

3.1. Convergence mesh study

I-beam size of 400 mm X 200 mm X 6000 mm is
used to evaluate the maximum stress. A constant force of
310000 N is used to evaluate the maximum stress of the
simple I-beam model for the following number of
elements. The result shows that a 2000 to 4560 number
of elements is appropriate to use for the FEA as shown in

Figure 2.
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Figure 2 convergence meshing study

3.2. Comparison between Euler Bernoulli bending
equation and FEA

The analytical result and numerical analysis results
are compared. The error between both results is
evaluated. The error percentage result is used to evaluate
the accuracy percentage.

3.3. Correlation of web-to-flange ratio to the accuracy

Figure 3 shows Correlation of the web-to-flange
ratio to the accuracy based on the validation result. The
graph shows a certain limit of height, h is exceptional to
use for the base, b size of 100 mm, 200 mm, and 300 mm.
Aratio is established to represent the limit state of height,
h for the following base, b.

==
._\Y

=
3

o
b

<95%

—#—Base, b- 100 mm

o
k=1

—i— Base, b- 200 mm

Accuracy percentage, (%)

o
s

—&—Base, b- 300 mm
80
100 200 300 400 500 600

I-beam height, h (mm)
Figure 3 Correlation of web-to-flange ratio to the
accuracy

3.4. Establish I-beam size ratio for accuracy

Figure 4 shows the web-to-flange ratio for 100 mm,
200 mm, and 300 mm base, b of variable height, h [-beam
section. The height of the I-beam section has a significant
effect on the accuracy percentage of the following [-beam
section. When the height increases, the accuracy
percentage decreases. The I-beam web-to-flange ratio of
0.8, 1.95, and 5.2 is recommended to use for FEA.
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Figure 4 I-beam size ratio for accuracy

4. CONCLUSIONS

From the study, accuracy percentage between
analytical and numerical analysis for the I-beam section
of variable size is obtained based on validation. The
results show that the accuracy reduces as the I-beam
height increases. Therefore, the I-beam web to flange
ratio of 0.8, 1.95, and 5.2 was established to limit the I-
beam height to use for FEA.
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