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Abstract 
Material efficiency in structural systems can be enhanced through cross-
sectional optimization of structural elements, one of which is the use of 
castellated steel beams. A castellated beam has an increased section 
depth without adding material volume from the original beam. Although 
several studies have investigated the flexural performance of castellated 
beams, analytical studies on the moment of inertia, particularly those 
considering the effect of shear deformation, remain limited. This study 
compares the net moment of inertia (Inett) based on the AISC Design 
Guide 31 with the effective moment of inertia (Ieff) obtained from Finite 
Element Analysis (FEA). Beam models were developed with total depths 
(dg) ranging from 450 mm to 1350 mm and span lengths (L) from 6000 
mm to 18000 mm. The Ieff values were derived from the midspan 
deflection under uniformly distributed loading and correlated with the 
L/dg ratio. Results show that Ieff increases with the increasing L/dg and 
tends to converge. Empirical correlation between L/dg and Inett/Ieff was 
obtained with a coefficient of determination of R2 = 0.9412. When L/dg 
≥ 18, the Inett/Ieff ratio is less than 1.1, indicating that the difference 
between Inett and Ieff is below 10%. Therefore, the Inett can be safely used 
for structural design. The findings provide a practical guideline for 
estimating the effective flexural stiffness of castellated beams and 
contribute to the development of analytical and numerical approaches 
for their structural design. 
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Introduction

Material efficiency is one of the key factors in achieving an optimum structural design in 
terms of both cost and constructability. One of the most widely applied innovations to achieve 
such efficiency is the use of castellated steel beams (Kowsalya & Iyappan, 2020), which are 
engineered from wide-flange beams that are cut according to a specific pattern and then rejoined 
in a zigzag configuration. This process produces a new beam with a sectional depth approximately 
1.5 times greater than that of the original member, and with a series of hexagonal openings along 
the web, resulting in increased bending stiffness without a significant increase in self-weight (Elsa 
Sabu & Joseph, 2022; Fares et al., 2016). 

 
Figure 1. Castellated beam fabrication process (Fares et al., 2016) 

 
Figure 1 illustrates the fabrication process of a castellated steel beam, in which the cut 

portions of the parent beam are re-welded using full-penetration welding. According to Zhou et 
al. (2018), welding at the web-post region does not produce residual stresses greater than those in 
the original beam. Previous studies have also shown that castellated beams exhibit significantly 
improved flexural performance compared with their parent wide-flange beams, with a higher 
strength-to-weight ratio, making them a more efficient option for structural steel applications (Elsa 
Sabu & Joseph, 2022; Shaikh & Autade, 2016). Yustisia et al. (2020) compared different opening 
configurations, while Abhale and Wakchaure (2017) evaluated castellated beam designs based on 
several design codes.  

According to Elsa Sabu and Joseph (2022), castellated beams demonstrate a substantial 
increase in flexural performance relative to their parent beams. Because the material composition 
remains identical, this enhancement primarily results from geometric efficiency, leading to a higher 
strength-to-weight ratio. Consequently, castellated beams are considered structurally more efficient 
than conventional wide-flange sections. Wakchaure et al. (2012) reported that the optimum 
strength enhancement occurs when the opening height is approximately 0.6 times the original 
beam depth (d) with an opening angle of 60°. Similar findings were presented by Budi et al. (2017), 
who observed maximum flexural strength at a 60° hexagonal opening, while Barkiah and 
Darmawan (2021) identified an optimum angle of 50° under comparable conditions. 
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The flexural capacity enhancement from the parent beam to the castellated beam is generally 
achieved through the increase in overall beam depth, which directly increases the moment of 
inertia. Numerous studies have attempted to further improve flexural performance through 
various geometric and connection modifications. Al-Thabhawee and Al-Kannoon (2018) and 
Zarmihan et al. (2023a, 2023b)  investigated the use of web-post spacers to increase the effective 
beam depth, transforming the openings into an octagonal shape. Upadhyay et al. (2021) and 
Mehetre et al. (2020) proposed curved-edge openings to reduce stress concentrations at the sharp 
corners of hexagonal holes. Meanwhile, Liu et al. (2020) evaluated bolted web-post connections 
as an alternative to welded joints to mitigate residual stresses, and Hoseinpour et al. (2018) studied 
the effect of lateral stiffeners in preventing lateral-torsional buckling. Although various approaches 
have been proposed, flexural improvement fundamentally depends on the increase in moment of 
inertia resulting from the enlarged beam depth (Weidlich et al., 2021). However, this increase also 
amplifies the shear-deformation contribution to the overall beam stiffness, as reported by Deepha 
et al. (2020) and Deepha & Jayalekshmi (2020). The studies on shear contribution have also been 
developed by Kumar et al. (2015), Wang et al (2016)., and Najafi and Wang (2017). 

From a theoritical perspective, increasing the depth of a castellated beam section enhances 
its flexural capacity. However, the beam flexural resistance to the minor axis becomes weaker 
compared to that about the major axis, whuch may lead to lateral-torsional buckling. This 
phenomenon has been investigated by Kim et al. (2016), Sonck and Bellis (2016, 2017), Gunawan 
and Suryoatmono (2017), Kwani and Wijaya (2017), Subramani and Sukumar (2018), Hadeed and 
Alshimmeri (2019), Sandeep et al. (2020), Huang and Cao (2025), and many others. Nevertheless, 
the lateral-torsional buckling is not considered in this study because the applied loads are relatively 
small and insufficient to trigger that effect.  

The moment of inertia is a fundamental parameter that governs the flexural stiffness and 
the ability of structural members to resist transverse loading. A larger moment of inertia produces 
smaller deflections under identical loading conditions. In castellated beams, geometric 
modifications due to cutting and re-welding of the web significantly change the sectional mass 
distribution, thereby affecting the actual moment of inertia. In addition, the reduction of effective 
web area increases shear deformation, which may reduce total stiffness if not properly considered. 
Therefore, a simultaneous evaluation of effective moment of inertia and shear contribution is 
required to model structural behavior more accurately. 

Although numerous studies have highlighted the flexural strength enhancement caused by 
geometric modifications in castellated beams, research specifically addressing the variation of 
moment of inertia due to different opening shapes and expansion ratios remains limited. Most 
previous works focused on flexural capacity improvement through experimental or numerical 
studies, but few have provided analytical formulations capable of accurately predicting the change 
in moment of inertia for various opening configurations. In moment resisting frame systems, 
however, the accuracy of moment of inertia values is essential for predicting moment distribution, 
joint rotation, and lateral deflection control. Hence, this study focuses on examining the effects of 
expansion ratio and opening pattern on the moment of inertia of castellated beams through 
analytical modeling and finite element analysis (FEA), aiming to develop a parametric relationship 
that can serve as a practical and accurate basis for structural design. Moreover, within moment 
resisting frame analysis, the influence of axial load on beam behavior is relatively insignificant 
compared to the dominant lateral load that governs flexural deformation (El-Tobgy et al., 2021). 

Finite element analysis is adopted as the primary analytical tool in this research because it 
can provide highly accurate and realistic results when the modeling approach and parameters are 
properly defined. Qiao et al. (2022) conducted experimental tests to validate FEA modeling using 
ABAQUS and demonstrated that finite element simulations could effectively represent the flexural 
behavior of castellated beams. Similarly, Anbarasu et al. (2021) investigated box-section steel 
beams modified into castellated box beams, where FEA results showed excellent agreement with 
experimental findings. Other validation studies have been reported by Frans et al. (2017), 
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Morkhade and Gupta (2017), Elaiwi et al. (2019a, 2019b), Serene and Aswathy (2019), Haris et al. 
(2023), Maali and Cinar (2024), and Shiyekar et al. (2024).  These studies confirm the reliability of 
numerical methods based on FEA as an effective approach for analyzing the influence of 
geometric parameters and expansion ratios on the moment of inertia of castellated beams.  

The novelty of this study lies in establishing a quantitative relationship between the span-to-
depth ratio (L/dg) and the ratio between the net moment of inertia (Inett) from AISC Design Guide 
31 and the effective moment of inertia (Ieff) obtained from finite element analysis. This relationship 
provides a practical criterion for identifying the geometric limit at which shear deformation effects 
become negligible and the net moment of inertia can be safely used for structural design. 

 
Research Methods 

A numerical research design with a comparative analytical approach was implemented to 
evaluate the moment of inertia of castellated steel beams. The study focused on castellated beam 
models derived from wide-flange steel sections featuring hexagonal openings. The net moment of 
inertia (Inett) was determined in accordance with AISC Design Guide 31. Finite Element Analysis 
(FEA) was used to obtain the effective moment of inertia (Ieff), which incorporates the contribution 
of the remaining cross-sectional elements and the effects of shear deformation. The results were 
compared to assess the relationship and differences between Inett and Ieff as measures of the 
effective flexural stiffness of castellated beams and the impact of shear deformation. 

 
Research Results and Discussion 

The comparison between the effective moment of inertia (Ieff) and the net moment of inertia 
(Inett) is carried out to evaluate the validity of using Inett in structural design practices. The value of 
Ieff obtained from finite element analysis is influenced by shear deformation occurring in the web 
of the beam. As the beam span increases, the influence of shear deformation to the flexural 
stiffness becomes smaller, causing Ieff to converge toward its true value. The ratio of beam span to 
castellated beam depth (L/dg) is used as the parameter to assess the magnitude of shear 
deformation effects on beam stiffness and to identify the condition where the shear deformation 
can be neglected. 
 
Theoretical Moment of Inertia (Inett) 

 

Figure 2. Transformation of WF12x14 into castelleted beam CB18x14 (Fares et al., 2016) 
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Figure 2 shows the transformation of a W12×14 wide flange (WF) into a CB18×14 
castellated beam, with a final depth (dg) equal to 1.5 times the original beam depth (d). The 
castellated beam contains hexagonal openings with an inclination angle (Q), which is taken as 60° 
in this study. The cross-section through a hexagonal opening consists of two T-shaped sections 
located at the top and bottom flanges, with T-section height dt and opening height ho. The 
distance between the centroids of the two T-sections is defined as the effective depth (deff) of the 
castellated beam section. 

 
 

Figure 3. Gross and net sections of CB18x14 (Fares et al., 2016) 
 
Figure 3 shows a comparison between the net section and the gross section of the CB18×14 

castellated beam. The net section represents the remaining area after the reduction of the 
hexagonal openings, while the gross section is the complete geometry of the beam. The net 
moment of inertia (Inett) is obtained from the net section using the parallel axis theorem. 
The procedure for determining Inett is as follows: 

1. Determine the dimensions of the parent wide flange section used to form the castellated 
beams, namely WF300, WF400, WF500, WF600, WF700, WF800, and WF900. 

2. Define the target final depth of the castellated beam (dg), namely 450 mm, 600 mm, 750 
mm, 900 mm, 1050 mm, 1200 mm, and 1350 mm. 

3. Compute the moment of inertia of the upper and lower T-sections forming the net 
section. 

4. Determine the centroidal distance of each T-section relative to the overall neutral axis of 
the beam. 

5. Calculate Inett using the following equation: 
 

I!"## =#I$ +#A$ ∙ d$% 
Where: 
Inett = net moment of inertia (mm4) 
Ii    = T-section moment of inertia   (mm4) 
Ai   = T-section sectional area (mm2) 
di    = T-sections centroidal distance (mm) 
 

The value of the Inett represents the theoretical moment of inertia according to the AISC 
Design Guide 31, which is typically used in structural design practices. The results are then 
compared with the effective moment of inertia (Ieff) obtained from the finite-element analysis. 
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Table 1 shows the wide-flange (WF) beams used as the base sections in this study. They 
have the original height section (d), flange width (bf), flange thickness (tf), and web thickness (tw) 
as listed in Table 1. 

 
Table 1. Wide-flange sections used in the study 

Wide Flange Beams d bf tf tw 
[mm] [mm] [mm] [mm] 

WF300x300 300 300 15 10 
WF400x300 390 300 16 10 
WF500x300 488 300 18 11 
WF600x300 588 300 20 12 
WF700x300 700 300 24 13 
WF800x300 800 300 26 14 
WF900x300 900 300 28 16 

 
Table 2 shows the castellated beams formed sequentially from their corresponding WF 

parent beams. Each castellated beam has a total depth (dg) and an effective depth (deff) determined 
in accordance with the AISC Design Guide. The flange width, flange thickness, and web thickness 
of the castellated beams remain identical to those of the original WF beams. 

 
Table 2. Castellated beam sections derived from wide-flange sections 

Wide Flange Beams Castellated Beams 
dg deff Inett 

[mm] [mm] [x 109 mm4] 
WF300x300 CB450x300 450 426.18 0.4637 
WF400x300 CB600x300 585 554.85 0.8654 
WF500x300 CB750x300 732 692.67 1.5722 
WF600x300 CB900x300 882 832.22 2.6101 
WF700x300 CB1050x300 1050 988.51 4.4850 
WF800x300 CB1200x300 1200 1126.40 6.5068 
WF900x300 CB1350x300 1350 1260.61 9.2003 

 
The net moment of inertia (Inett) of each castellated beam was calculated using Equation (1), 

which refers to the net cross-section formed by the two T-shaped components. The value of the 
Inett for each beam section is constant and depends solely on the geometric configuration and 
sectional dimensions, without considering the influence of shear deformation or the span to depth 
ratio (L/dg). The theoretical values of Inett as shown in Table 2 serve as the reference for evaluating 
the effective moment of inertia (Ieff) obtained from the finite element analysis in the subsequent 
section. 
 
Finite Element Analysis (Ieff) and Its Comparison with Inett 

Numerical analysis was performed to obtain the effective moment of inertia (Ieff) of 
castellated steel beams through modeling using Finite Element Analysis (FEA). The moment of 
inertia was not obtained directly from the FEA output but was calculated using the elastic 
deflection equation for beams. Finite element modeling was employed because it has been widely 
proven to provide accurate results for analyzing perforated steel structures (Anbarasu et al., 2021; 
Qiao et al., 2022). The software used in this study was ANSYS Workbench 2020 R1. 
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Figure 4. Discretization of castellated beam models 

 
The castellated beam models were developed with sectional depths (dg) of 450 mm, 600 mm, 

750 mm, 900 mm, 1050 mm, 1200 mm, and 1350 mm. The beam spans (L) were defined as 6000 
mm, 9000 mm, 12 000 mm, 15 000 mm, and 18 000 mm. Each beam was modeled with simply 
supported end conditions—pinned at one end and roller-supported at the other—without any 
lateral bracing, as illustrated in Figure 4. A uniformly distributed load of q = 30 N/mm was applied 
along the entire span, and the maximum mid-span deflection was recorded. This configuration 
represents a typical condition of beams in moment-resisting frame systems, except that axial force 
effects were not considered. A similar configuration of simply supported castellated beams under 
uniformly distributed loads was also investigated by Yuan (2016). 

Each castellated beam was discretized using 20-node brick solid elements. A deflection-
based mesh convergence study was performed prior to the analysis, and an element size of 50 mm 
was selected as the optimum mesh size. The steel material was defined as an elasto-plastic, with an 
elastic modulus of E = 2×10⁵ MPa, Poisson’s ratio ν = 0.3, and a nominal yield strength Fy = 240 
MPa. However, the analysis was performed under linear-elastic conditions, so material plasticity 
and geometric nonlinearity were neglected. 
 

 

Figure 5. Midspan deflection of castellated beam models obtained from FEA 
 

The primary output of the numerical simulation was the maximum mid-span deflection (Δ), 
as illustrated in Figure 5. Based on classical beam theory for a simply supported beam under 
uniform load, the relationship between maximum deflection and the moment of inertia, according 
to Wang (1983), can be expressed as: 
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I"&& =
5 ∙ q ∙ L'

384 ∙ E ∙ ∆ 
 

Where: 
Ieff = effective moment of inertia of the     
        castellated beam (mm4) 
q = uniformly distributed load (N/mm) 
L = beam span (mm) 
E = modulus of elasticity (2 x 105 MPa) 
∆ = mid-span deflection (mm) 
 

The calculated Ieff represents the actual flexural stiffness of the castellated beam, which 
includes the effects of shear deformation and the combined contribution of both net and gross 
sectional areas. The total mid-span deflection is the sum of the bending deflection and the shear 
deformation component, expressed as: 
 

∆#(#)*= ∆+ + ∆, 
Where: 
∆total  = total delection of the beam (mm) 
∆b  = deflection due to bending (mm) 
∆s  = deflection due to shear deformations (mm) 
 

This relationship indicates that the value of Ieff analyzed by the FEA and elastic beam 
formulation inherently accounts for the influence of shear deformation on the overall flexural 
stiffness of the castellated beam. 

The numerical analysis using Finite Element Analysis (FEA) produced the maximum 
midspan deflection for each castellated beam geometry variation. Based on these results, the 
effective moment of inertia (Ieff) was calculated using Equation (2). 

Table 3 presents the maximum midspan deflection (∆) and the corresponding Ieff values 
obtained for castellated beams CB450×300, CB600×300, CB750×300, CB900×300, 
CB1050×300, CB1200×300, and CB1350×300, each analyzed under five different span lengths 
(L). The table shows that the Ieff values increase as the beam span length increases and tend to 
converge beyond a certain limit. This indicates that as the ratio between beam span and section 
depth becomes larger, the effect of shear deformation on flexural stiffness diminishes and can be 
neglected. Accordingly, the Ieff values obtained under such conditions can be regarded as 
representing the true stiffness of the castellated beam. 

The ratios L/dg and Inett/Ieff, where the parameters dg and Inett for each castellated beam 
section are listed in Table 2, were used to investigate this phenomenon. The analysis shows that as 
the  L/dg ratio increases, the Inett/Ieff ratio gradually approaches unity, indicating that the difference 
between Inett and Ieff decreases. This suggests that the conventional net moment of inertia (Inett) 
used in structural design provides a sufficiently accurate approximation of the effective moment 
of inertia (Ieff) within a certain L/dg range. In this study, when the difference between Inett and Ieff 
is less than 10%, or equivalently when the Inett/Ieff ratio is less than 1.1, the value of Inett can be 
considered approximately equal to Ieff and therefore acceptable for structural design applications. 
Overall, the results indicate that Ieff approaches Inett as the L/dg ratio increases, confirming that the 
influence of shear deformation on flexural stiffness becomes less significant. This pattern serves 
as the basis for the subsequent analysis, in which the empirical relationship between the L/dg ratio 
and the Inett/Ieff ratio is investigated to determine the critical limit beyond which shear deformation 
can be neglected and Inett can be considered equivalent to the value of Ieff. 
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Table 3. Effective moment of inertia (Ieff) of castellated beams 

Castellated 
Beams 

Beam 
Span 

Ratio of    
L/dg 

Midspan 
deflection 

∆ 

Ieff  
(equation 2) 

Inett    
(Table 1) 

Ratio of 
Inett/Ieff  

[mm]   [mm] [x109 mm4] [x109 mm4]    

C
B

45
0x

30
0  6000 13.33 7.00 0.3614 0.4637 1.28  

9000 20.00 31.05 0.4128 0.4637 1.12  
12000 26.67 92.96 0.4357 0.4637 1.06  
15000 33.33 221.06 0.4473 0.4637 1.04  
18000 40.00 451.53 0.4541 0.4637 1.02  

C
B

60
0x

30
0 6000 10.26 4.07 0.6219 0.8654 1.39  

9000 15.38 17.33 0.7397 0.8654 1.17  
12000 20.51 50.95 0.7949 0.8654 1.09  
15000 25.64 120.17 0.8228 0.8654 1.05  
18000 30.77 243.72 0.8413 0.8654 1.03  

C
B

75
0x

30
0 6000 8.20 2.46 1.0291 1.5722 1.53  

9000 12.30 10.03 1.2776 1.5722 1.23  
12000 16.39 29.01 1.3960 1.5722 1.13  
15000 20.49 67.67 1.4611 1.5722 1.08  
18000 24.59 136.43 1.5028 1.5722 1.05  

C
B

90
0x

30
0 6000 6.80 1.58 1.6025 2.6101 1.63  

9000 10.20 6.26 2.0469 2.6101 1.28  
12000 13.61 17.89 2.2638 2.6101 1.15  
15000 17.01 41.33 2.3923 2.6101 1.09  
18000 20.41 83.31 2.4610 2.6101 1.06  

C
B

10
50

x3
00

 6000 5.71 1.02 2.4904 4.4850 1.80  
9000 8.57 3.92 3.2682 4.4850 1.37  
12000 11.43 10.91 3.7122 4.4850 1.21  
15000 14.29 24.91 3.9697 4.4850 1.13  
18000 17.14 49.64 4.1307 4.4850 1.09  

C
B

12
00

x3
00

 6000 5.00 0.77 3.2842 6.5068 1.98  
9000 7.50 2.81 4.5637 6.5068 1.43  
12000 10.00 7.75 5.2261 6.5068 1.25  
15000 12.50 17.56 5.6321 6.5068 1.16  
18000 15.00 34.67 5.9133 6.5068 1.10  

C
B

13
50

x3
00

 6000 4.44 0.54 4.6628 9.2003 1.97  
9000 6.67 2.08 6.1724 9.2003 1.49  
12000 8.89 5.58 7.2643 9.2003 1.27  
15000 11.11 12.59 7.8530 9.2003 1.17  
18000 13.33 24.76 8.2801 9.2003 1.11  

 
Correlation between L/dg Ratio and Inett/Ieff 

The first analysis was conducted on the effective moment of inertia (Ieff) obtained from the 
finite element analysis results for all variations of castellated beam geometry. The calculated Ieff 
values were then correlated with the beam span length (L) to observe the trend of flexural stiffness 
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variation among the analyzed castellated beam models. Theoretically, as the ratio of span length to 
beam depth increases, the influence of shear deformation on the overall stiffness becomes smaller. 
Consequently, the value of Ieff tends to converge toward the true flexural stiffness of the beam. 

The subsequent analysis compares the Inett values obtained from analytical calculations with 
the Ieff values derived from numerical simulations. This comparison is used to validate the reliability 
of using Inett in structural design practice and to determine whether a correction factor is required. 
Furthermore, the relationship between the span to depth ratio (L/dg) and the stiffness ratio 
(Ieff/Inett) is analyzed to determine the conditions under which the effect of shear deformation can 
be neglected. Also, to derive an empirical correction factor, if necessary, by using Inett as an 
approximation of the effective moment of inertia in castellated beams. 

To examine the influence of castellated beam geometry on its flexural stiffness, a correlation 
analysis was performed between the ratios β = L/dg and n = Inett/Ieff, as illustrated in Figure 6. The 
data used to establish this correlation were derived from Table 3. 

 
Figure 6. Correlation between span to depth ratio L/dg and Inett/Ieff 

 

The graph of the analysis results shows that the value of Inett/Ieff decreases and approaches 
convergence as the L/dg ratio increases. At relatively small L/dg values (less than 15), the stiffness 
ratio (Ieff/Inett) is greater than 1.1, indicating that Ieff is still significantly affected by shear 
deformation. However, as L/dg increases, the influence of shear deformation diminishes and the 
Inett/Ieff ratio tends to approach unity. This indicates that, for certain L/dg ratios, the net moment 
of inertia (Inett) according to the AISC Design Guide 31 can be used directly as a practical design 
parameter without any correction factor. 

Figure 6 shows the general trend of this relationship, where the Inett/Ieff ratio becomes 
progressively stable and approaches a constant value as L/dg increases. Based on regression 
analysis of the numerical data, the relationship between the two parameters can be expressed 
empirically with equation as follows: 

0.85 ∙ β + 4.32
1.03 ∙ β − 0.61

 

Where: 
n = ratio of Inett/Ieff 
Β = ratio of L/dg 
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This empirical relationship exhibits a strong fit with a coefficient of determination R² = 
0.9412, indicating that approximately 94.12% of the variation in the Inett/Ieff ratio can be explained 
by changes in the L/dg ratio. 

This empirical relationship can serve as a practical guideline for evaluating whether the effect 
of shear deformation should be considered in structural design. Based on the results of this study, 
when L/dg ≥ 18, the stiffness ratio (Ieff/Inett) is less than 1.1, meaning that Inett can be considered 
equivalent to Ieff and can be safely used for castellated beam design in general engineering 
applications. For castellated beams with geometries within the scope of this study, when L/dg < 
18, the Inett value obtained from the AISC Design Guide 31 can be corrected using the factor: 
 

k	 = 	
1
n	

so that the effective moment of inertia can be estimated as: 
 

I"&& = k ∙ I!"## 

Therefore, the proposed empirical relationship provides a practical means for estimating the 
effective flexural stiffness of castellated beams while accounting for shear deformation effects, 
particularly for beams with relatively small L/dg ratios. 
 
Conclusion 

This study compares the net moment of inertia (Inett) according to the AISC Design Guide 
31 with the effective moment of inertia (Ieff) obtained from Finite Element Analysis (FEA) for 
various configurations of castellated steel beams. The results indicate that the influence of shear 
deformation on the flexural stiffness of castellated beams decreases as the span to depth ratio 
(L/dg) increases, causing the Ieff values to gradually converge toward the theoretical stiffness of the 
beam (Inett). The comparison between Inett and Ieff shows that the net moment of inertia generally 
provides conservative estimates and can still be used as a practical design reference within certain 
geometric limits. A strong correlation was found between the span to depth ratio β = L/dg and 
the stiffness ratio n = Inett/Ieff, which can be expressed by an empirical relationship with a 
coefficient of determination R² = 0.9412. Based on the analysis results, when L/dg ≥ 18 the 
stiffness ratio (Ieff/Inett) is less than 1.1, indicating that Inett can be considered equivalent to Ieff and 
safely applied in structural design without additional correction, whereas for L/dg < 18 the effect 
of shear deformation becomes more significant and the Inett value can be corrected using the 
empirical factor k=1/n to obtain a more accurate representation of the effective flexural stiffness 
of castellated beams. 
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