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Abstract - Castellated composite beams comprise a steel-castellated section and a concrete slab. Modern floor systems 

increasingly employ these beams owing to their high strength-to-weight ratio and versatility in service accommodation through 

web openings. Despite their advantages, web openings lead to significant, intricate, and complex local and global behaviors 

pertaining to strength and serviceability. This study focuses on the geometrical configuration of web openings, specifically the 

height, width, and spacing, and how these attributes define the structural behaviour of castellated composite beams. ETABS was 

used to create the finite element models, and design checks were carried out according to the provisions delineated in the AISC 

Design Guide 31. In the parametric analysis, the opening height (220-280 mm), width (240-300 mm), and spacing (270-330 

mm) were varied. An assessment was performed on the overall behaviour in terms of ultimate strength, deflection, and local 

failure modes. The results show that the opening height has the most significant impact on the overall performance; increasing 

the height enhances the top-tee strength and reduces deflection, improving both the load-carrying capacity and stiffness. In 

contrast, the opening width and spacing mainly affect the local web-post stability. Wider or closely spaced openings increase 

the susceptibility to web-post buckling, whereas larger spacing restores tee interaction as the governing failure mode. Deflection 

remained within the serviceability limits, except for the smallest opening height. These findings demonstrate that an optimised 

combination of opening geometries can enhance structural efficiency while maintaining serviceability. This study offers practical 

guidance for designing castellated composite beams and contributes to the development of safer, lighter, and more sustainable 

long-span floor systems. 

Keywords - Castellated Composite Beams, Web Opening Geometry, Structural Performance, Serviceability, Web-Post Buckling, 

AISC Design Guide 31.  

 

1. Introduction 
A castellated composite beam is composed of a 

castellated steel beam and a concrete slab connected by shear 

studs to function as a single load-bearing unit. To fabricate a 

castellated beam, the steel section was cut along the web 

centreline, and the pieces were reconnected and offset to form 

a sequence of evenly distributed openings. This shape offers a 

number of benefits, such as lighter weight, enhanced flexural 

strength, better service integration by enabling the passage of 

mechanical and electrical services through the web openings, 

and enhanced service integration. Consequently, composite 

castellated beams have found numerous applications in 

structural engineering [1-5]. 

The outstanding flexibility of floor systems contributes to 

the adoption of profiled concrete slabs within steel-concrete 

composite beams. This composite action enables the efficient 

spanning of beams with lengths of approximately 12-20 m [6, 

7]. However, the structural behaviour of composite beams is 

more complex because of the addition of profiled steel decks 

relative to solid steel beams with no web openings [8]. New 

complexities have been introduced with a steel deck, as 

profiled slabs, with the addition of springs, become 

susceptible to multiple buckling modes and interacting 

collapses under loads [9-12]. The positive effect of the 

composite slab on the total capacity of the beam is especially 

true for long-span scenarios, as the comparative nondurability 

in flexural resistance to non-composite beams becomes much 

more visible [13]. 

The main aim of structural design is to refine the 

structural elements to achieve economic feasibility along with 

an adequate level of service functionality. One standard 

method is to increase the load-carrying ability of the beams 

while trying to decrease the waste of resources. This is the case 

with castellated and composite beams, as both systems 

increase the moment of inertia and thus enhance the member’s 

capacity to endure the bending moment [14-16]. However, 
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each system has some limitations and side effects that need to 

be resolved. For example, castellated beams suffer from 

additional shear forces caused by the openings, which 

sometimes means that the end openings need to be filled to 

relieve the stress [17-19]. 

Early investigations into composite castellated beams 

were performed by Redwood and Cho [20], who studied the 

effects of web openings and the failure modes of hexagonal 

castellated beams. Jackson [21] carried out some experimental 

tests and demonstrated that the procedures contained in the 

AISC design guide for composite prismatic beams are 

applicable to predicting the natural frequencies of beams with 

web openings. Further understanding of the composite 

behaviour was advanced by Wang and Li [22], who researched 

the effect of edge restraints on the flexural strength of 

composite beams. In a related area, Ellakany and Tablia [23] 

created a numerical model for elastic composite beams with 

end shear restraints and elastic composite beams focusing on 

static and free vibration analysis, and concluded that end shear 

restraints do affect beam behaviour significantly, particularly 

in cases of incomplete composite interaction of the steel beam 

and concrete slab. 

Regarding optimisation tactics, Kaveh and Ghafari [24] 

used several metaheuristic algorithms, including particle 

swarm optimisation, colliding body optimisation, and 

enhanced colliding body optimisation, to find the best semi-

rigid semi-rigid jointed composite castellated beam. The semi-

rigid joints provided the most benefits, with total costs 

decreasing by 21% to 35%, while partial fixity alone provided 

additional savings of 5% to 25%.  

Considerable advances have been made in numerical 

modelling with respect to the behaviour of composite 

castellated beams. Salah [25] created and validated numerous 

ABAQUS models using experimental data to conduct a 

parametric study. The results showed that the slender 

composite beam sections primarily failed owing to bending, 

and excessive distortion, lateral buckling, and cross buckling 

occurred before the in-plane Vierendeel mechanism could be 

activated. Subsequently, Grezejowski and Salah [26] focused 

on the behaviour of continuous composite cellular beams, 

casting them in the context of geometrically nonlinear 

analysis.  

Their work showed that, in short-span beams, the 

buckling mode includes both lateral-distortional buckling and 

web-post buckling, whereas in long-span beams, the dominant 

mode shifts to lateral-distortional buckling. Overall, previous 

investigations have provided valuable insights into the 

flexural and shear behaviours of castellated and composite 

beams, including the development of analytical models, 

experimental validations, and numerical approaches for 

assessing web-post stability and connection performance. 

Despite extensive research on castellated and composite 

beams, most previous studies have focused either on the 

general behaviour of composite systems or on specific aspects, 

such as edge restraints, failure modes, and joint optimisation. 

However, the influence of web-opening geometry, 

specifically the width, height, and spacing of openings, on the 

structural performance of castellated composite beams 

remains insufficiently explored. These geometric parameters 

play a crucial role in determining both the local and global 

responses of the beam, affecting the flexural strength, shear 

resistance, stiffness, and vibration characteristics, as well as 

failure mechanisms such as Vierendeel bending and web-post 

buckling. 

To address this gap, the present study systematically 

investigates the effect of opening geometry on the 

performance of castellated composite beams, focusing on key 

response parameters, including flexural capacity, stiffness, 

and failure modes. Unlike previous studies that typically 

examined single parameters or non-composite castellated 

beams, this study evaluated the combined influence of 

opening height, width, and spacing under realistic composite 

action. These findings provide a more comprehensive 

understanding of how geometric variations govern both 

strength and serviceability, offering practical design guidance 

for optimising castellated composite beams in modern long-

span floor systems. 

2. Methodology 
In this study, an 8 m-long castellated beam with simple 

supports was evaluated, as shown in Figure 1. A composite 

castellated-section beam was configured to calculate the beam 

under uniformly distributed loads. The loading conditions 

included beam self-weight, superimposed dead load of 0.5 

kN/m2, and live load of 2.0 kN/m2, which are floor system 

conditions in building applications. 

 
Fig. 1 Structural framing layout 

The fabricated castellated beams were made of structural 

steel A992 with a nominal yield strength of 345 MPa. The 

original castellated section, W12×14, was castellated to obtain 

a CB18×24 profile, as shown in Figure 2. This study primarily 

aimed to determine the impact of the web opening geometry 
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on the structural performance, specifically the opening height 

(h), opening width (w), and spacing (S), and their respective 

combinations. These combinations were varied within a 

reasonable range to obtain information on the strength and 

deflection properties of the beam. 

 
Fig. 2 Cross-sectional configuration of the castellated composite beam 

(unit in mm) 

Structural analysis and design were performed using 

ETABS [27]. The castellated beam was modelled using frame 

elements, whereas the concrete slab was modelled as a shell 

element. The castellated beam and concrete slab were 

modelled as an integrated system, with shear connectors 

represented in accordance with the composite design 

provisions. Shear connectors were explicitly included in 

accordance with the composite design provisions to ensure a 

realistic simulation of the slab-beam interaction.  

The design and verification of the castellated composite 

beam followed the recommendations provided in the AISC 

Design Guide 31 [28], which outlines the procedures for the 

design of castellated and cellular beams. This guide includes 

checks for flexural capacity, shear capacity (including 

Vierendeel bending effects at the openings), web-post 

buckling, and lateral-torsional buckling. Serviceability 

criteria, such as deflection limits, were also evaluated based 

on the AISC provisions [29].  

Particular attention has been given to the strength-related 

failure mechanisms that govern the ultimate capacity of 

castellated composite beams. The analysis considered bending 

failure, tee-section interaction at openings, web-post bending, 

and shear failure. These modes are particularly critical in 

castellated beams, because web perforations modify the stress 

distribution and reduce the effective cross-sectional area. 

Identifying the governing failure mechanism for different 

opening geometries provides important insights into the 

effects of geometric variations on the beam strength, stiffness, 

and overall safety. Composite action involves dealing with 

concrete slabs and shear connectors to determine the flexural 

stiffness and load-carrying capacity of a beam. The provision 

of the AISC design indicates this. The terminology and 

variables for the castellated beam design are shown in Figure 

3. 

 
Fig. 3 Terminology used in castellated beam design 

To address the complex geometry and multiple failure 

modes associated with castellated beams, this study applied a 

comprehensive design procedure following AISC Design 

Guide 31[28], as summarised below. The analysis explicitly 

considers the following. 

1. Axial and flexural strengths of tee sections: The top and 

bottom tees formed by the cut web resist the primary 

bending stresses. 

Required flexural strength in the tee due to Vierendeel 

action 

𝑀𝑣𝑟 = 𝑉𝑟 (
𝐴𝑡𝑒𝑒

𝐴𝑛𝑒𝑡
) (

𝑒

2
) (1) 

 
Available flexural strength of the tee 

 

𝑀𝑐 = 0.9𝐹𝑦𝑆𝑥  (2) 

 
Required axial force in tee (from couple equilibrium) 

 

𝑃𝑟 =
𝑀𝑟

𝑑𝑒𝑓𝑓
 (3) 

 
Available axial compressive strength of the tee 

 

𝑃𝑐 = 0.9𝐹𝑐𝑟𝐴𝑔 (4) 

 
Axial-flexural interaction 

 
𝑃𝑟

𝑃𝑐
+

8

9
(

𝑀𝑣𝑟

𝑀𝑐
) ≤ 1.0 𝑓𝑜𝑟 𝑃𝑟 𝑃𝑐⁄ ≥ 0.2 (5) 

 
𝑃𝑟

2𝑃𝑐
+ (

𝑀𝑣𝑟

𝑀𝑐
) ≤ 1.0 𝑓𝑜𝑟 𝑃𝑟 𝑃𝑐⁄ < 0.2 (6) 

 
2. Web Post Buckling: Local buckling of vertical web posts 

caused by horizontal shear between adjacent openings is 

evaluated by comparing the required flexural strength 

with the available capacity of each web post. 

 

The required horizontal shear through the web post is. 

 

𝑉𝑟ℎ = |
𝑀𝑟(𝑖+1)−𝑀𝑟(𝑖)

𝑑𝑒𝑓𝑓
| (7) 

 
Required web-post flexural strength 

𝑀𝑟ℎ = 𝑉𝑟ℎℎ𝑡𝑒𝑒  (8) 
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Available web-post flexural strength 

 

𝑀𝑝 = 0.25𝑡𝑤(𝑒 + 2𝑏)2𝐹𝑦 (9) 

 
3. Horizontal and Vertical Shear: Shear forces were assessed 

in both the net and gross sections. The horizontal shear 

capacity of the web posts and the vertical shear through 

the openings were checked using code-based expressions 

with coefficients dependent on the beam geometry. 

 

Available horizontal shear in the web post 

 

𝑉𝑐ℎ = 0.6𝐹𝑦𝑒𝑡𝑤 (10) 

 
Available vertical shear at the net section (through openings) 

 

𝑉𝑐𝑣𝑛 = 0.6𝐹𝑦(𝑑𝑡−𝑡𝑜𝑝 + 𝑑𝑡−𝑏𝑜𝑡)𝑡𝑤𝐶𝑣2 (11) 

 
Available vertical shear at the gross section (web post) 

 

𝑉𝑐𝑣𝑔 = 0.6𝐹𝑦𝑑𝑔𝑡𝑤𝐶𝑣1 (12) 

 
4. Deflection: Castellated beams typically behave similarly 

to prismatic sections in terms of deflection, although 

shear deformations around openings can have minor 

effects. Serviceability was checked against the L/240 

limit [29]. 

Where Vr is required shear; Atee is tee area; Anet combined 

top+bottom tee net area; e is solid-web length along 

centerline; Fy is yield stress; Sx is elastic section modulus of 

tee; Mr is required moment; deff is distance between tee 

centroids; Fcr is critical compressive stress; Ag is tee gross 

area; Mr(i) is required moment at opening i; htee is tee depth; tw 

is web thickness; b is horizontal half-opening length 

parameter; dt-top, dt-bot is net web depths above/below opening; 

dg is gross web depth at post; Cv1, Cv2 is shear coefficients per 

geometry; Inet is second moment at net section. 

3. Results and Discussion 
This section presents the analysis and interpretation of the 

data regarding the different geometries of web openings and 

the structural functional performance of composite castellated 

beams. Each of the openings is organised from the tallest to 

the lowest, followed by the width of the openings from the 

narrowest structural configuration to the widest, and lastly the 

spacing of the openings. Each of these parameters is related to 

the performance of the composite castellated beams, which 

consists of the ultimate strength and deflection at the mid-span 

of the beam, which yields the working geometry of the 

openings for the composite castellated beams. 

3.1. Effect of Opening Height 

The performance of castellated composite beams with 

opening heights ranging from 220 mm to 280 mm was 

evaluated, as illustrated in Figure 4, which presents the 

demand-to-capacity ratios for different failure mechanisms. 

Across all cases, the top tee region was consistently identified 

as the weakest under flexural loading, exhibiting the highest 

demand-to-capacity ratio. This confirms that the top tee 

interaction governs the strength behaviour of composite 

castellated beams under bending. 

A clear trend was observed in the top tee interaction as 

the opening height increased. As the opening height increased, 

the demand-to-capacity ratio decreased, indicating that the 

load-carrying capacity of the top tee improved significantly. 

This enhancement can be attributed to the increased separation 

between the top and bottom tees, which effectively raised the 

moment of inertia and lever arm of the section, thereby 

improving the flexural stiffness and reducing the stress 

concentration around the openings. Consequently, a larger 

opening height resulted in a more uniform stress distribution 

and greater resistance to flexural deformation. Quantitatively, 

increasing the opening height from 220 to 280 mm resulted in 

an approximate 8-12% improvement in bending capacity, 

accompanied by a 10% reduction in mid-span deflection, 

confirming that the opening height strongly governs both the 

strength and stiffness performance. 

By contrast, the effect of the opening height on the other 

failure modes was less pronounced. Web-post bending 

exhibited minor sensitivity to the opening height, with slight 

variations in the demand-to-capacity ratio that remained well 

within the design limits, indicating that web-post stability was 

largely unaffected. Similarly, the influence of the opening 

height on shear, global bending, and bottom tee interaction 

was negligible across the studied range, suggesting that these 

modes were not significantly affected by geometric changes 

in the opening height. 

 
Fig. 4 Effect of opening height on the demand-to-capacity ratio for 

different failure mechanisms 

The difference in the opening height clearly affected the 

performance of the castellated composite beams in terms of 

deflection, as shown in Figure 5. The midspan deflection 

consistently decreased as the opening height increased from 

220 to 280 mm. This occurred because larger openings 
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increased the adequate depth of the section, thereby improving 

the flexural stiffness of the section and causing a decrease in 

the deformation of the beam with larger openings. 

Additionally, the 220 mm opening height resulted in 

deflection exceeding the L/240 serviceability limit. This 

demonstrates that smaller opening heights, although they may 

provide weight savings, are also ineffective in meeting the 

required serviceability deflection. On the other hand, opening 

heights greater than 220 mm meet the deflection limit, which 

shows that within this range, increasing the opening height 

improves the flexural stiffness and meets the serviceability 

limit. 

 
Fig. 5 Effect of opening height on mid-span deflection 

Opening height is one of the most important geometric 

parameters in the design of castellated composite beams. Even 

with the parameters studied, larger openings enhanced the 

strength capacity of the beams and lowered the deflection. 

This improvement positively impacts both the ultimate and 

service performance of the beam. However, tiny openings may 

cause serviceability problems even if the strength levels are 

still acceptable. These insights are most helpful in refining the 

design, where the opening height must be proportional to the 

structural efficiency, code compliance, and practical use in 

long-span floor systems. 

3.2. Effect of Opening Width 

In this subsection, the opening width is varied from 240 

to 300 mm to study its effect on the structural behaviour of the 

castellated composite beams. The data in Figure 6 show that 

out of the various failure mechanisms, only web-post buckling 

is substantially influenced by the changes in opening width, 

while the rest, which include bending, top tee interaction, 

bottom tee interaction, and shear, maintain capacities that are 

relatively constant over the range studied. 

With the opening width set to smaller values, the top tee 

interaction dominates the structural response, thereby 

underscoring its importance in controlling the strength of 

castellated composite beams within their typical 

configurations. Nevertheless, larger opening widths result in 

important changes in the failure mechanism. The demand-to-

capacity ratio linked to web-post buckling increases rapidly, 

surpassing the values representative of tee interactions and 

approaching the design limit. This shift underscores the 

susceptibility of web-post stability to the width of the opening, 

whereby larger openings diminish the effective web-post area 

and increase the risk of local buckling. 

 
Fig. 6 Effect of opening width on the demand-to-capacity ratio for 

different failure mechanisms 

Therefore, wider openings reduce the safety margin 

against web-post buckling and change the critical failure mode 

of the beam. While the top tee interaction remains the 

governing mechanism for failure, larger openings shift the 

weakness to web-post instability and possible premature 

failure. The web-post buckling limitation of castellated 

composite beams indicates that the opening width must be 

designed more conservatively. 

 
Fig. 7 Effect of opening width on mid-span deflection 

Figure 7 illustrates how the midspan deflection of the 

castellated composite beams changes with respect to the 

opening width. The deflection values did not exceed the 

serviceability limit of L/240, indicating their consistency 

across the studied range. The opening width changes did not 
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significantly affect the stiffness of the global composite beam. 

This outcome results from the deflection being primarily 

determined by the section’s adequate depth, the composite 

action of the steel beam and concrete slab, and the opening 

width. While wider openings do impact the local behaviour, 

particularly web-post buckling, they do not significantly 

impact the overall beam flexural stiffness. Consequently, the 

variation in the opening width has no effect on the 

serviceability performance in terms of deflection. 

The opening width affects the strength-related failure 

mechanisms predominantly concerning web-post stability, 

without affecting the serviceability limit state. For these 

reasons, the design requires controlling the opening width to 

prevent web-post buckling and acknowledges that deflection 

criteria are not responsive relative to the opening width. 

3.3. Effect of Opening Spacing 

In this subsection, the opening spacing was assessed from 

270 to 330 mm to study its impact on the structural 

performance of castellated composite beams. As shown in 

Figure 8, similar to the impact of the opening width, the 

spacing of the openings mostly affects the web-post bending 

performance of the beams. In contrast, the magnitudes of the 

other failure mechanisms (overall bending, top-tee interaction, 

bottom-tee interaction, and shear failure) did not change 

significantly within the studied range. 

The trend between spacing and web-post performance 

was clear. With increasing opening spacing, the demand-to-

capacity ratio of the bending web-post shifted downward 

considerably, and thus the web-post bending stability 

improved. This is because a large spacing implies more 

continuity between openings, which increases the stiffness of 

web-posts and reduces the chance of local buckling. This is 

the opposite when the spacing is small, that is, when the 

distance between openings decreases and the web posts are 

further weakened, thus increasing the demand-to-capacity 

ratio in and around the design and increasing the chance to 

cross the demand-to-capacity ratio design limits. 

 
Fig. 8 Effect of opening spacing on the demand-to-capacity ratio for 

different failure mechanisms 

The specific spacing variation changed the failure 

mechanism, dominantly controlling the system. For smaller 

opening spacings, web-post bending failure is the dominant 

mode owing to the concentrated weakening of stressed web 

segments. Conversely, when the spacing increases, the web 

posts are no longer weak elements, and the top-tee interaction 

becomes the critical mechanism. This shift illustrates the 

importance of spacing in design. Small spacings are likely to 

cause instability due to web-post failure, while larger spacings 

actually improve stability at the expense of shifting the 

criticality of the failure mechanism back to tee interaction. 

The effect of opening spacing on the mid-span deflection 

of the castellated composite beams is illustrated in Figure 9. 

The results showed that the deflection remained essentially 

constant across the entire range studied, with all values well 

below the serviceability limit of L/240. This indicates that 

changes in the distance between adjacent openings have a 

negligible influence on the global flexural stiffness of the 

composite beam. 

 
Fig. 9 Effect of opening spacing on mid-span deflection 

The insensitivity of deflection to opening spacing can be 

attributed to the fact that serviceability behaviour is primarily 

governed by the composite action between the steel beam and 

concrete slab and the overall section depth, rather than the 

longitudinal distribution of openings. While smaller spacing 

affects the local web-post behaviour and increases 

susceptibility to local buckling, it does not substantially alter 

the global stiffness of the beam. Consequently, the deflection 

performance remained unaffected, even when the spacing was 

varied. 

3.4. Design Implications 

This study offers valuable insights into the relationship 

between the web opening geometry and structural efficiency 

of castellated composite beams. The findings reinforce the 

inherent advantages of castellated systems, that is, lightweight 

construction, high flexural capacity, and integrated service 

routing, while highlighting the necessity of optimising 

opening dimensions to maintain these benefits. Among the 

investigated parameters, the opening height exhibited the most 
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pronounced influence on both strength and serviceability. 

Increasing the opening height enhances the beam efficiency 

by improving the top-tee flexural capacity and reducing the 

mid-span deflection owing to the greater separation between 

the compression and tension zones. However, excessive or 

insufficient opening heights can compromise performance. 

Overly small openings may lead to excessive deflection and 

serviceability issues despite adequate strength, whereas overly 

large openings could introduce local instability. Therefore, 

careful proportioning of the opening geometry is essential to 

balance the strength, stiffness, and serviceability in the design 

of castellated composite beams. 

Open spacing and widths, on the other hand, affected the 

local stability, but not the global performance. Increased web 

openings lead to uncontrolled web-post buckling, which may 

become the governing failure mode. Similarly, a small spacing 

between openings increases the concentration of stress on web 

posts, which contributes to buckling failure. While deflection 

may not be affected by either parameter, they must be 

managed in terms of local stability to avoid beam strength 

failure as a result of local instability. The results indicate that 

the most effective castellated composite beams will have 

moderately large opening heights, whereas the widths and 

spacings will need to be maintained at reasonable levels for 

web-post stability. In the real world, this means that for the 

sake of practical height opening improvements, designers 

have to consider opening width and spacing as limits to 

contain instability. All of these observations point to the 

importance of a harmonious opening shape that meets 

serviceability and strength demands and delivers the 

functional benefits that castellated beams offer through 

service integration. 

4. Conclusion 
This study focused on the structural performance of 

castellated composite beams, considering the effects of the 

geometry of the web openings, specifically the height, width, 

and spacing of the openings. In compliance with the 

provisions of the AISC Design Guide 31, numerical analyses 

were performed, and the beams were assessed according to 

strength-related failure mechanisms and serviceability 

performance. The results outlined the fundamental design 

parameters that control the response of castellated composite 

beams. 

The opening height is the most important determinant of 

both ultimate strength and serviceability performance. The 

strength requirements are most likely to be exceeded when the 

control of the top tee interaction failure mechanism is relaxed. 

This is because the increased mid-span deflection and negative 

section stiffness result from the interaction of the top tee with 

the castellated opening. However, inadequate opening height 

and strength provisions will likely lead to serviceability 

deflection issues. 

In contrast, the configurations of the openings affected the 

local stability, but to a lesser extent, and, much less, the 

deflection. An opening width that is too significant increases 

the demand-to-capacity ratio for the bending of a web post and 

may change the governing failure mechanism from tee 

interaction to web post buckling. Closely spaced openings also 

increase the probability of local buckling because they 

concentrate and amplify the stresses in web posts. More 

spaced openings, on the other hand, alleviate the problem by 

restoring tee interaction, where the critical failure mode is 

located. Because the deflection was still within the specified 

limits, the serviceability was primarily a function of the 

opening height. 

Consequently, the most important contribution of this 

work to the design and optimisation of castellated composite 

beams is the ability to provide a structurally efficient and 

serviceable floor system that conforms to the functional 

advantages of castellated construction, while also ensuring 

that the floor system is safe to use and withstands the stresses 

to which it is subjected. 

In light of these findings, several directions for future 

research are suggested. First, the experimental validation of 

the numerical results presented here, particularly for large 

opening heights and reduced opening spacings, would further 

confirm the applicability of the proposed design implications. 

Second, extending the parametric study to other opening 

shapes (circular, sinusoidal, or hybrid castellated-cellular 

configurations) would help generalise the conclusions beyond 

the hexagonal openings considered. Third, this study focused 

on static loading; therefore, investigating the effects of fatigue, 

fire, and vibration serviceability on castellated composite 

beams with large openings would be of practical interest for 

long-span floor systems. Finally, developing simplified design 

expressions or charts based on current parametric trends could 

support direct application in design offices and inform future 

updates to AISC design provisions. 

Acknowledgements 
 The authors appreciate the support provided by the 

Karbonara Research Institute for every aspect and resource 

allocated to this research. The authors are also thankful to the 

Civil Engineering Department of BINUS University for their 

endless support and guidance, and for providing the authors 

with the research instruments and equipment. The authors 

appreciate the advanced AI language tools, ChatGPT, in 

particular, for the speedy drafting and editing of this 

manuscript. The authors reiterate that the research 

methodology, analysis, and conclusions are their own efforts 

and work. 

Funding Statement 
 This work was supported by Bina Nusantara University. 



Riza Suwondo et al. / IJCE, 12(11), 89-97, 2025  

 

96 

Author Contribution 
 RS wrote the manuscript, AN edited the manuscript, and 

MA reviewed the manuscript. 

 

Data availability 
       Data analysis https://zenodo.org/records/16945609 

 

References 
[1] Vinicius Moura de Oliveira et al., “Lateral Distortional Buckling Resistance Predictions of Composite Alveolar Beams: A Review,” 

Buildings, vol. 13, no. 3, pp. 1-35, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Sanjivani Dhanaji Jadhav, and Popat Dattatraya Kumbhar, “A Review on Behaviour of Castellated Beam with Different Shaped Openings 

using FRP Stiffeners,” Asian Journal of Civil Engineering, vol. 25, pp. 4973-4979, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Barış Mehmet Zeytinci et al., “A Practical Design Formulation for Perforated Beams with Openings Strengthened with Ring Type 

Stiffeners Subject to Vierendeel Actions,” Journal of Building Engineering, vol. 43, pp. 1-34, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[4] Mahmoud Hosseinpour, Yasser Sharifi, and Hojjat Sharifi, “Neural Network Application for Distortional Buckling Capacity Assessment 

of Castellated Steel Beams,” Structures, vol. 27, pp. 1174-1183, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Hanan Hussien El-Tobgy et al., “Experimental and Parametric Investigation of Castellated Steel Beam-Column in Various Expansion 

Ratios, Lengths and Loading Conditions,” Structures, vol. 33, pp. 484-507, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[6] R. Mark Lawson, and A.H. Anthony Saverirajan, “Simplified Elasto-plastic Analysis of Composite Beams and Cellular Beams to Eurocode 

4,” Journal of Constructional Steel Research, vol. 67, no. 10, pp. 1426-1434, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[7] R.M. Lawson et al., “Design of Composite Asymmetric Cellular Beams and Beams with Large Web Openings,” Journal of Constructional 

Steel Research, vol. 62, no. 6, pp. 614-629, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[8] Lucas Figueiredo Grilo et al., “Design Procedure for the Web-Post Buckling of Steel Cellular Beams,” Journal of Constructional Steel 

Research, vol. 148, pp. 525-541, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Lianguang Jia et al., “Influence of the Local Buckling of Web on the Bearing Capacity of a Castellated Beam/Composite Beam Under 

Pure Bending,” Structures, vol. 63, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Rabee Shamass, and Federico Guarracino, “Numerical and Analytical Analyses of High-Strength Steel Cellular Beams: A Discerning 

Approach,” Journal of Constructional Steel Research, vol. 166, pp. 1-57, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Vinicius Moura de Oliveira et al., “Steel-UHPC Composite Castellated Beams under Hogging Bending: Experimental and Numerical 

Investigation,” Engineering Structures, vol. 331, pp. 1-26, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Ali Kaveh, and Amir Fakoor, “Optimal Seismic Design of Asymmetrical-plan Steel Buildings with Composite Castellated Floor Systems,” 

Iranian Journal of Science and Technology, Transactions of Civil Engineering, vol. 46, pp. 1969-1995, 2022. [CrossRef] [Google Scholar] 

[Publisher Link] 

[13] Matheus Erpen Benincáa, and Inácio Benvegnu Morsch, “Numerical Simulation of Composite Steel-Concrete Alveolar Beams: Web-Post 

Buckling, Vierendeel and Flexural Mechanisms,” Latin American Journal of Solids and Structures, vol. 17, no. 5, pp. 1-28, 2020. 

[CrossRef] [Google Scholar] [Publisher Link] 

[14] Ayat Ihsan Naji, and Mushriq Al-Shamaa, “Structural Behavior of Innovative Castellated Steel Beams: Experimental and Numerical 

Analysis of Double and Zigzag Castellated Patterns,” Results in Engineering, vol. 27, pp. 1-15, 2025. [CrossRef] [Google Scholar] 

[Publisher Link] 

[15] Kai Geng et al., “Experimental Study on the Mechanical Behaviour of Castellated Composite Beams under a Negative Bending Moment,” 

Structures, vol. 47, pp. 953-965, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Bida Zhao et al., “Flexural Behavior of Castellated Partially Encased Composite (PEC) Beams,” Journal of Constructional Steel Research, 

vol. 214, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Worathep Sae-Long et al., “Behavior and Design Implications of Web-Post Shear Failure in Cellular Beams,” Results in Engineering vol. 

27, pp. 1-13, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Peijun Wang, Xudong Wang, and Ning Ma, “Vertical Shear Buckling Capacity of Web-Posts in Castellated Steel Beams with Fillet Corner 

Hexagonal Web Openings,” Engineering Structures, vol. 75, pp. 315-326, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Jiongfeng Liang et al., “Research on Shear Behavior of Partially Encased Composite of Cellular Steel and Concrete (PECCS) Beam 

Structures, vol. 80, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Richard Redwood, and Soon Ho Cho, “Design of Steel and Composite Beams with Web Openings,” Journal of Constructional Steel 

Research, vol. 25, no. 1-2, pp. 23-41, 1993. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Rahsean LaNau Jackson, “Vibration and Flexural Strength Characteristics of Composite Castellated Beams,” Masters Theses, Virginia 

Polytechnic Institute and State University, pp. 1-128, 2022. [Google Scholar] [Publisher Link] 

[22] Yang Wang, and Tian Li “Flexural Bearing Capacity Research of Composite Beams with Edge Constraint Component,” Advanced 

Materials Research, vol. 639-640, pp. 807-811, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.3390/buildings13030808
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lateral+Distortional+Buckling+Resistance+Predictions+of+Composite+Alveolar+Beams%3A+A+Review&btnG=
https://www.mdpi.com/2075-5309/13/3/808?utm_campaign=releaseissue_buildingsutm_medium=emailutm_source=releaseissueutm_term=titlelink7
https://doi.org/10.1007/s42107-024-01092-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+behaviour+of+castellated+beam+with+different+shaped+openings+using+FRP+stiffeners+&btnG=
https://link.springer.com/article/10.1007/s42107-024-01092-y
https://doi.org/10.1016/j.jobe.2021.102915
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+practical+design+formulation+for+perforated+beams+with+openings+strengthened+with+ring+type+stiffeners+subject+to+Vierendeel+actions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352710221007737
https://doi.org/10.1016/j.istruc.2020.07.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neural+network+application+for+distortional+buckling+capacity+assessment+of+castellated+steel+beams&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352012420303404
https://doi.org/10.1016/j.istruc.2021.04.053
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+and+parametric+investigation+of+castellated+steel+beam-column+in+various+expansion+ratios%2C+lengths+and+loading+conditions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352012421003520
https://doi.org/10.1016/j.jcsr.2011.03.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Simplified+elasto-plastic+analysis+of+composite+beams+and+cellular+beams+to+Eurocode+4&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143974X11000824
https://doi.org/10.1016/j.jcsr.2005.09.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+of+composite+asymmetric+cellular+beams+and+beams+with+large+web+openings+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143974X05001756
https://doi.org/10.1016/j.jcsr.2018.06.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+procedure+for+the+web-post+buckling+of+steel+cellular+beams+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143974X18303250
https://doi.org/10.1016/j.istruc.2024.106358
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+the+local+buckling+of+web+on+the+bearing+capacity+of+a+castellated+beam%2Fcomposite+beam+under+pure+bending+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352012424005101
https://doi.org/10.1016/j.jcsr.2019.105911
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Numerical+and+analytical+analyses+of+high-strength+steel+cellular+beams%3A+A+discerning+approach+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143974X19311289
https://doi.org/10.1016/j.engstruct.2025.120012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Steel-UHPC+composite+castellated+beams+under+hogging+bending%3A+Experimental+and+numerical+investigation+&btnG=
https://www.sciencedirect.com/science/article/pii/S0141029625004031
https://doi.org/10.1007/s40996-021-00806-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+Seismic+Design+of+Asymmetrical-plan+Steel+Buildings+with+Composite+Castellated+Floor+Systems+&btnG=
https://link.springer.com/article/10.1007/s40996-021-00806-5
https://doi.org/10.1590/1679-78256062
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Numerical+Simulation+of+Composite+Steel-Concrete+Alveolar+Beams%3A+Web-Post+Buckling%2C+Vierendeel+and+Flexural+Mechanisms+&btnG=
https://www.scielo.br/j/lajss/a/JKg6M88VPB55T9nsRvRb5Xx/?lang=en
https://doi.org/10.1016/j.rineng.2025.106259
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Structural+behavior+of+innovative+castellated+steel+beams%3A+experimental+and+numerical+analysis+of+double+and+zigzag+castellated+patterns+&btnG=
https://www.sciencedirect.com/science/article/pii/S259012302502331X
https://doi.org/10.1016/j.istruc.2022.11.074
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+study+on+the+mechanical+behaviour+of+castellated+composite+beams+under+a+negative+bending+moment+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352012422011134
https://doi.org/10.1016/j.jcsr.2024.108509
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flexural+behavior+of+castellated+partially+encased+composite+%28PEC%29+beams+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143974X24000592
https://doi.org/10.1016/j.rineng.2025.106709
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behavior+and+design+implications+of+web-post+shear+failure+in+cellular+beams&btnG=
https://www.sciencedirect.com/science/article/pii/S2590123025027768
https://doi.org/10.1016/j.engstruct.2014.06.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vertical+shear+buckling+capacity+of+web-posts+in+castellated+steel+beams+with+fillet+corner+hexagonal+web+openings&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141029614003757
https://doi.org/10.1016/j.istruc.2025.109796
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Research+on+shear+behavior+of+partially+encased+composite+of+cellular+steel+and+concrete+%28PECCS%29+beam&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S235201242501611X
https://doi.org/10.1016/0143-974X(93)90050-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+of+steel+and+composite+beams+with+web+openings+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0143974X93900503
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vibration+and+Flexural+Strength+Characteristics+of+Composite+Castellated+Beams+&btnG=
https://vtechworks.lib.vt.edu/items/0706ec5a-6f59-4da3-a2f9-ee89afec8b5b
https://doi.org/10.4028/www.scientific.net/AMR.639-640.807
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flexural+Bearing+Capacity+Research+of+Composite+Beams+with+Edge+Constraint+Component+&btnG=
https://www.scientific.net/AMR.639-640.807


Riza Suwondo et al. / IJCE, 12(11), 89-97, 2025  

 

97 

[23] Ahmed M. Ellakany, and Hussein A. Tablia, “A Numerical Model for Static and Free Vibration Analysis of Elastic Composite Beams with 

End Shear Restraint,” Meccanica, vol. 45, pp. 463-474, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[24] A. Kaveh, and M.H. Ghafari, “Optimum Design of Castellated Beams: Effects of Composite Action and Semi-Rigid Connections,” 

Scientia Iranica, vol. 25, no. 1, pp. 162-173, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Wael Khalil, “Modelling of Instability Behaviour in Hogging Moment Regions of Steel-Concrete Composite Beams,” Ph.D. Theses, 

Warsaw University of Technology, pp. 1-314, 2009. [Google Scholar] [Publisher Link] 

[26] Marian A. Gizejowski, and Wael A. Salah, Numerical Modeling of Composite Castellated Beams, Composite Construction in Steel and 

Concrete VI, pp. 1-12, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Building Analysis and Design, Computers & Structures, INC. [Online]. Available: https://www.csiamerica.com/products/etabs 

[28] Sameer S. Fares, John Coulson, and David W. Dinehart, Design Guide 31: Castellated and Cellular Beam Design, American Institute of 

Steel Construction, 2017. [Google Scholar] [Publisher Link] 

[29] Michael West, James Fisher, and Lawrence G. Griffis, Design Guide 3: Serviceability Design Considerations for Steel Buildings, 2nd ed., 

American Institute of Steel Construction, 2004. [Google Scholar] [Publisher Link] 

 
 

https://doi.org/10.1007/s11012-009-9268-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+numerical+model+for+static+and+free+vibration+analysis+of+elastic+composite+beams+with+end+shear+restraint+&btnG=
https://link.springer.com/article/10.1007/s11012-009-9268-1
https://doi.org/10.24200/sci.2017.4195
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimum+design+of+castellated+beams%3A+Effects+of+composite+action+and+semi-rigid+connections+&btnG=
https://scientiairanica.sharif.edu/article_4195.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modelling+of+Instability+Behavior+in+Hogging+Moment+Regions+of+Steel-Concrete+Composite+Beams+&btnG=
https://repo.pw.edu.pl/info/phd/WUT285412/
https://doi.org/10.1061/41142(396)45
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Numerical+Modeling+of+Composite+Castellated+Beams+&btnG=
https://ascelibrary.org/doi/abs/10.1061/41142(396)45
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Castellated+and+Cellular+Beam+Design+&btnG=
https://www.aisc.org/Design-Guide-31-Castellated-and-Cellular-Beam-Design
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+Guide+3%3A+Serviceability+Design+Considerations+for+Steel+Buildings+&btnG=
https://www.aisc.org/Design-Guide-03-Serviceability-Design-Considerations-for-Steel-Buildings-Second-Ed-1

