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ABSTRACT” 

The paper also includes an examination of the ultimate load behavior of steel beams having 

web holes. ISMB 100 hot rolled steel beams with web holes have seen a great deal of testing. 

Because of this, there was a concentrated load placed on the center of the beams' span. 

Research on the failure of these particular beams was comprehensive in order to determine 

the optimal ratio of aperture span to diameter. Conventional finite-element analysis software, 

such as ANSYS, was used to study all the beams and the findings were compared to those 

acquired via test.There is a direct correlation between opening size and carrying capacity, 

according to the testing findings. The simulation and experiment findings are in excellent 

accord. In the parametric analysis, the ideal placement for the web opening is in the center 

two-thirds of the span. 

1. Introduction 

“For the first time in structures during 

World War II, open web expanded steel 

beams were used to reduce steel 

construction costs. These beams were 

selected by the designers in order to 

improve the original beam's stiffness and 

strength.”One section of the root beam web 

is cut to a certain shape before being 

joined with another piece by welding. 

Consequently, the entire beam depth 

grows, increasing the original section's 

capacity by a factor of two. For decades, 

structural engineers have sought for 

castellated beams' excellent strength to 

weight ratio in their drive to produce 

lighter and more cost-effective steel 

structures. 

 

Currently, the design principles and 

criteria for these beams are either 

inadequate or difficult to implement 

(2009). Because the I-Beam behavior with 

web apertures is difficult to understand 

and evaluate, simulating the design 

process has proven problematic. This 

means that further study is needed to 

collect enough data to provide a clear 

design strategy. Few experimental and 

analytical studies have been conducted on 

steel beams with web holes until this point. 

Using Redwood's proposed equivalent 

rectangular hole with altered proportions 

for steel beams with circular web 

apertures, the bulk of the design criteria 

are still appropriate (1969). Steel beams 

might be overestimated due to a simple 

loading method. According to the 

elasticity theory and curved beam analysis, 

Chan and Redwood (1974) investigated 

the elastic stress distribution in beams with 

wide circular web apertures. Olander's 

study on steel beam load-carrying 

capability with multiple circular web holes 

provided the basis for this diagram, which 

was developed in 1990 at the Steel 

Construction Institute (1953). 

 

After minor tweaks in 1998, the technique 

was included into Eurocode 3 Amendment 

A2: Part 1.1: Annex N as an entirely new 

section. With independent circular web 

holes, Annex N provides a new set of 

approximate design requirements. 

 

Steel beams with circular and rectangular 

perforations were explored experimentally 
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and statistically by Thevendran and 

Shanmugan (1991) of Tamil Nadu. 

Plexiglass sheets were utilized to construct 

models with cantilever beams and ease of 

support. The buckling load of this kind of 

beam may be computed using an energy 

method. Chung and Lawson (2001) used a 

Eurocode 4 design technique for 

composite bars with large web apertures to 

concentrate steel radiates with round and 

rectangular gaps. A precise shear-second 

connection bend developed by Chung, Liu, 

and Ko (2001) was used to get our results. 

 

Against the vierendeel method, a pierced 

area and configuration technique for steel 

uses round web gaps. Chung, Liu, and Ko 

(2003) developed a precise technique for 

manufacturing steel radiates with web 

apertures of various sizes and shapes using 

a summarized second shear connection 

bend. Detailed explanations and real-world 

examples are provided in this article. “The 

analysts were able to calculate a definite 

vertical shear load strength of web-posts 

constructed from specified web opening 

shapes using the precise approach devised 

by Tsavdaridis and D'Mello (2011). ” A 

thorough assessment was carried out by 

Mukhda and Gupta, both in terms of the 

test and the investigation. As part of the 

evaluation, the first is tested for 

dissatisfaction and its size and form are 

evaluated. 

 

The impartial zone over the range of the 

bar that should be welcomed firmly 

without web post disappointment is 

excluded from data on radiates with web 

gaps. In addition to an evaluation of the 

unbiased zone inside their range, these 

steel radiates are designed with web gaps 

that modify the proportion of dividing to 

the width of the apertures they open up. 

Such beams are studied in this study, with 

results from finite-element analysis being 

contrasted to those from experiments 

(2009). This investigation has a dual 

emphasis. Finite element solutions for 

web-holed steel beams are calibrated with 

the experimental data. The results of these 

studies may help provide information on 

the overall behavior of these beams, as 

well. These beams are subject to shear 

failure in the web post. In this study, 

failure mechanisms, load-deflection 

behavior, and ultimate load-carrying 

capacity are taken into consideration. 

2. “Experimentalinvestigation 

 Detailsoftestspecimens” 

Five different spacing-to-diameter ratios of 

steel beams with web apertures were tested 

to failure: 1.07, 1.33, 1.5, 2.0, and 3.0 

(defined as the ratio of the center-to-center 

distance of openings to the diameter of 

openings, S/Do). Other criteria include the 

position of the stiffener and its geometrical 

dimensions. As can be seen in Figure 1, 

there are many distinct geometrical 

characteristics and loading arrangements 

for the beams. Experimentation is shown in 

Figure 2. 

Fabrication ofthetestspecimens 

All test specimens were constructed 

using hot rolled steel beams of Grade 

E250 (Fe410W) that corresponds to 

IS:2062(2011).”Making the part was done 

in accordance with how it is represented 

in Figure 1. On a web plate, precise holes 

were drilled out of the material using 

drilling techniques that needed great care 

and precision. Due to the heating 

process, welding was completely ruled 

out as a method for creating openings in 

steel. Stiffeners were welded onto both 

sides of the web plate after all of the web 

plate slots were cut out. The weld 

distortion in the web plate was kept to a 

minimum thanks to extra attention. 

Using lime, the specimens were 

whitewashed in order to accurately 

distinguish the yielding and stress-

concentration zones. The dried lime from 

the sections falls to the ground when the 

yielding occurs, making it simpler to 

locate the area of highest stress. 
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Materialproperties 

Section segments' flange and web plate 

tensile test coupons were cut to 

determine the mechanical properties 

required for the modeling procedure' 

Test specimens from both flange and 

web sections were utilized for the 

material testing, along with those from 

all other sections. Their performance 

was evaluated at the testing facility 

using a universal testing machine with a 

capacity of 500 kN.Using coupon tests, 

we were able to collect the following 

data: yield pressure, ultimate pressure, 

and modulus of elasticity (see Table 1). 

 

        Finite-elementanalysis 

The ultimate load bearing capability of 

the cellular beams used in the 

experiment will be compared using a 

non-linear finite element analysis in this 

section (FEA). As the external stress 

level increases, the finite-element 

method is applied in an attempt to 

anticipate their total reaction. “Analysis 

of experimental data and investigation 

of nonlinear behavior of failure modes 

such as shear buckling and vierendeel 

bending of web-holed steel beams are 

carried out using FEMs. To develop a 

3D finite element model of steel beams 

with I-shaped web holes, ANSYS v12 

elasto–plastic finite element software 

was used (2009).”Despite the apparent 

defects in the geometry of the specimens 

used in experiments, faultless copies of 

these specimens were made for use in 

modeling. Bilinear stress–strain curves 

were integrated with the von Misses 

yield criterion and the kinematic 

hardening rule 

as a steel material model.Thelargedeformationeffectshas 
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LoadPosition 
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PlainWebBeam(PWB) 

 

“Figure1. Geometricaldetailsofsteelbeamswithwebopenings.” 
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Figure2.Typicalviewofthetestsetup. 

Torsion and warping rigidities of 

unbraced beams may be estimated using 

the length and minor moment of inertia in 

the cross-section of the beams. 

Convergence study yielded quantifiable 

results. 

The coupon tests yielded material 

attributes (Table 1) that were employed 

in the convergence research. Vertical, 

lateral, and horizontal displacements are 

all included

. 
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Mid-SpanDisplacement(mm)” 

 

“Figure4.ConvergencestudyonthesteelbeamwithwebopeningsSBWO2. ” 

 

The buckling mode determined from the 

elastic stage was imposed in the steel 

beam's final analysis using web apertures. 

As a result, a suitable finite element model 

was found for the second steel beam with 

web apertures after convergence 

experiments were performed. Experiments 

on three mesh designs of 1830, 2272 and 

2885 components have been shown in 

Figure 4. 1830 against 2275 components 

had an ultimate strength differential of 

roughly 5%, whereas the difference 

between 2275 and 2885 components had a 

difference of around 2.5% There was 

essentially no difference between the load–

deflection curves for the 2885-element 

models and the actual research, as shown 

in Figure 4. All steel girders with web 

holes were subjected to finite-element 

analysis, which had 2885 elements in 

total.Failure modes were found to be 

consistent across all of the incidents 

studied. 

 

3. Resultsanddiscussion 

Table 3 summarizes the results of 

experiments and finite element analysis 

(FEA). Examples of common beams' 

vertical deflection as a function of 

applied loads are shown in Figures 5–

10. As opening area increases (S/Do), so 

does the beam stiffness and maximum 

load, as shown experimentally. 

Analytical forecasts also underestimate 

the beam's load-carrying capability. As 

a result, steel beams with web holes and 

an ANSYS analysis can accurately 

predict their ultimate strength. For the 

most part, the experimental and finite-

element findings do not agree with the 

SBWO1 curve (steel beam with web 

openings-specimen1).A possible 

explanation for the disparity in the 

curves is that the ANSYS software is 

incapable of handling the data. For 

SBWO1 and SBWO2, the distorted 

forms shown in Figures 11 and 12 were 

obtained by experimental and finite-

element analysis. 

 

4. “Investigationofneutralzoneint

osteelbeamwithwebopenings ” 

Steel beams with web holes were 

subject to a parametric investigation 

after the finite-element method was 

shown to be accurate in terms of 

ultimate load-carrying capability. 

“Container opening standards have been 
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simplified by British Standards 

Institution (1998) and the Canadian 

Standard AISC-LRFD, for instance.”  
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(a) (b) 

 

“Figure11.Deformed shapedof thebeamSBWO1(a)FEM and(b) experimental. ” 

make it such that the beam does not crack 

or break These regulations, however, are 

very conservative because to the wide 

range of options they provide, and they 

generally restrict openings to three-

quarters of the depth and two-thirds of the 

width of the beam. The fixation of a few 

criteria might lead to more adaptable and 

cost-effective solutions under typical 

construction settings. By using concentric 

holes of same size and shape, beam 

strength is not affected. You can construct 

web openings without reference to beam 

net section if you know where the neutral 

zone is. As a result, the usage of analytical 

calculation techniques has become 

unnecessary. To easily determine the 

neutral zone depth (hnz), which is two 

times the web opening half-depth plus 

opening eccentricity, consider its 

symmetrical placement in relation to the 

steel section centroid. By aligning the 

apertures such that they are symmetrical 

with regard to the steel section centroid, 

you can see the opening depth hnz 

(concentric opening). Concentrated 

pressures were applied to a 5-meter-long 

ISMB400 section with several openings. 

“0.5, 0.62, and 0.75 D-diameter holes are 

among the ones studied in this 

investigation (where D is the diameter of 

openings). To improve the quality of a 

web post, the spacing-to-diameter ratio 

(S/Do) and location of the apertures are 

critical. Figures 13–15 indicate that the 

load–deflection response of the beam is 

almost equal to that of the plain-web beam 

for apertures between 2L and 3L, as 

shown in the parametric experiment.” 

 

6. Conclusions 

In this study, the results of experiments 

on steel beams having web apertures are 

discussed. Various beams with various 

web opening arrangements have been 

put to the test to the point of deflation. 

 

 S/Do was determined to have a 

minimum limit of 1.08, which was 

deemed to be essential. 

 Researchers discovered that a S/Do 
ratio of between 1.33 and 1.5 was 

very effective. 

 The beam's response is almost 
equal to that of a plain-web beam 

when the apertures are provided in 

this ratio. 

 The most common failure 
mechanism seen in experimental 

studies is web post buckling 

failure. 

 When a Vierendeel mechanism 

fails, four plastic hinges develop at 

the corners of the aperture. This is 

the most typical failure scenario. 

 It is also clear that the finite-
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element analysis findings and the 

results from the trials are in 

excellent accord. 

 When designing the apertures, keep 
in mind that bending is more 

important than shear when 

determining where to place them. 
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