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Abstract: Local failure in cellular beams is strongly influenced by stress redistribution within the web-post region, yet bending-dominated mechanisms associated with closely spaced openings remain insufficiently addressed in current design provisions. This study examines the limit load corresponding to web-post bending failure using a three-dimensional Finite Element (FE) framework, with particular attention to structural members employed in integrated systems where service openings are required. The numerical model is first validated against available experimental and computational results to ensure accurate representation of both global response and local stress transfer. A parametric study involving 100 models is then carried out by varying section size, slenderness ratio, and opening ratio. The limit load is defined by the formation of a continuous yield path across the web-post ligament. The results show that bending-dominated web-post failure develops as a progressive mechanism controlled by the combined action of normal stress and shear transfer. This mode consistently precedes other local mechanisms, including web-post shear failure and Vierendeel action, and therefore governs the load-carrying capacity. Comparisons with ANSI/AISC 360-16 indicate that the current provisions underestimate the limit load by an average of 68.85%, with larger discrepancies observed for beams with lower slenderness ratios, smaller opening ratios, and larger section sizes. The findings highlight the need to explicitly consider this failure mode in design and provide a clearer basis for assessing the local resistance of cellular beams used in structural systems where mechanical performance must be reconciled with service integration requirements. 
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1 Introduction

The continued growth of the construction industry has led to increasing demands on structural systems to deliver longer spans, lower self-weight, and better material efficiency without compromising strength and serviceability [1–

3]. Within this context, cellular steel beams have gained growing interest in building engineering, as shown in Figure 1, since their web openings not only facilitate the passage of mechanical and electrical services but also enhance structural efficiency [4–7]. However, the presence of these openings significantly modifies the stiffness distribution, internal force-transfer mechanism, and stress distribution within the member, thereby introducing both global and local failure modes that must be properly understood to ensure safe and economical design [8–10]. 

Previous studies, from a global perspective, revealed that the structural behavior of cellular beams depended on the interaction among bending, shear, and stability effects [11, 12]. Reported failure modes comprise Vierendeel action, web-post buckling, lateral torsional buckling, and overall bending- or shear-governed failure [13–16]. Taken together, these studies suggested that the behavior of cellular beams was strongly influenced by parameters such as opening geometry, spacing arrangement, loading condition, and member proportions, and that existing design codes may be either overly conservative or unconservative depending on the governing failure mode [13–16]. These observations point to the need for a more refined assessment of failure behavior in perforated steel members. 
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Figure 1. Application of cellular beams in the multiphysics engineering systems In addition to their structural efficiency, cellular beams are increasingly relevant in complex engineering systems where mechanical behavior interacts with other physical fields. In practice, the web openings often accommodate HVAC ducts, piping, and service networks, which makes these members closely connected to fluid–structure interaction in building systems, thermo-mechanical effects under fire or elevated temperature, and vibration–acoustic performance in integrated floor systems. From this perspective, understanding the local failure behavior of cellular beams is important not only for structural safety, but also for the reliable design of multifunctional and multiphysics-coupled engineering systems. At the local scale, stress concentrations around the opening boundaries and within the web-post region play a crucial role in governing resistance and failure progression. Over the years, both numerical and experimental studies have examined several local failure mechanisms, including localized bending, web-post buckling, Vierendeel action, web-post horizontal shear failure, and web-post horizontal moment failure (WPHMF) [17–20]. Although these efforts have substantially advanced the understanding of local behavior, they also reveal that existing design methods do not always provide consistent predictions of local strength in members containing web openings. In particular, the combined influence of local bending demand, shear transfer, and geometric characteristics remains inadequately captured in current design formulations. 

Among the local failure mechanisms, WPHMF has received relatively limited attention. This bending-dominated mode commonly develops in cellular beams with small opening ratios and relatively short spans, where high horizontal shear transfer generates substantial bending demand in the web-post ligament. Existing studies have generally addressed this mechanism only indirectly within broader parametric analyses or have focused primarily on web-post horizontal shear failure [20]. Consequently, specifications of current steel design, including ANSI/AISC 360-16 [21], do not explicitly provide provisions for evaluating web-post bending resistance or identifying the associated failure location under WPHMF. This represents a significant research gap, particularly because preliminary evidence suggested that the direct use of current code-based formulations might lead to considerable errors in predicting both web-post resistance and the critical failure location. 

To address the identified research gap, the present study focused on the load-carrying limit associated with WPHMF in cellular beams within a comprehensive Finite Element (FE) framework. Three-dimensional models were developed and validated in ABAQUS [22], and 100 simulations were carried out through a systematic parametric study involving variations in beam section size, slenderness ratio, and opening ratio. This study formed part of the broader research conducted by Sae-Long et al. [20]; however, it differed in that it specifically addressed the load-carrying limit. In contrast, Sae-Long et al. [20] focused solely on local responses, namely the web-post horizontal moment and the failure location. When compared with existing works [18, 20], the novelty of the current study lied in its advanced understanding of WPHMF by delivering a more rigorous assessment of structural behavior and improved design-oriented formulations for safer and more efficient cellular beam design. 
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2 Methodology

A FE-based approach was adopted in this study to investigate the limit load of cellular beams failed by WPHMF. 

The methodology involved two sequential stages. First, detailed FE models were conducted by ABAQUS [22] and validated using previously published experimental and numerical results [23–25]. The validated models were then used to perform a systematic parametric study of the key geometric variables governing web-post bending-dominated failure, as shown in Figure 2. 

Figure 2. Research methodology [20]

3 Finite Element Models

Four-node reduced-integration shell elements were used to develop the FE models of the cellular beams, including the flanges, web, and circular openings. The steel material was modeled as homogeneous, isotropic, and elastic-perfectly plastic, consistent with the assumptions reported in literature [20]. The elastic properties were specified using a Poisson’s ratio of 0.30 and a Young’s modulus of 200 GPa, while yielding was governed by the von Mises criterion with a yield stress of 245 MPa. As demonstrated in Figure 3, the beams were idealized as simply supported. 

At each end section, the centroidal node was restrained against vertical and lateral displacements, and the left-end centroidal node was additionally restrained in the longitudinal direction to suppress rigid-body motion. The flange tip nodes were constrained against out-of-plane displacement to prevent end twisting. These modeling assumptions were adopted to accurately capture the local web-post behavior, leading to failure while preserving computational efficiency [18, 20]. 

Figure 3. Boundary conditions of Finite Element models [20]
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3.1 Model Validation

As reported in a previous study [20], the accuracy of the numerical model was evaluated through verification and validation against established benchmark results [23–25]. The global response was validated using three-point bending test data for a cellular beam specimen available in literature. The predicted load–displacement behavior showed close agreement with the experimental results, with the predicted failure load being approximately 8.9%

higher than the measured value, as illustrated in Figure 4. At the local level, the model was further verified by comparing the FE predictions of bending moment, vertical shear force, and web-post horizontal shear force with both analytical elastic-line solutions and an independent FE dataset, as shown in Figure 5a–5c. The strong agreement observed in these comparisons confirmed that the proposed model was capable of accurately capturing both the global structural response and the local web-post demands, thereby providing a reliable basis for the subsequent parametric study. 

(a)

(b)

Figure 4. Validation of global response of Finite Element models: (a) cellular beam system; (b) load-displacement curve [20]

Note: FE: Finite Element

3.2 Limit Load

The limit load associated with WPHMF was identified through force-controlled nonlinear analysis. A uniformly distributed surface pressure was applied to the top flange and increased incrementally in small steps of approximately 0.1% of the target load. Failure was assumed to occur when yielding propagated across the web-post region to form a continuous yield path, as identified using the yield indicator in ABAQUS [22]. The corresponding pressure was then converted into an equivalent uniformly distributed line load and taken as the limit load of the cellular beam. 

At this stage, the web-post horizontal bending moment was evaluated along the critical horizontal failure section, and the failure location was defined as the distance from the neutral axis to the horizontal yielded band within the web-post. These parameters were subsequently used as the primary response variables in the following analyses. 

3.3 Mesh Analysis

A mesh analysis was conducted prior to the full parametric study to ensure that the numerical results were independent of mesh discretization, following the procedure reported in literature [20]. The largest beam considered 113
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(a)

(b)

(c)

Figure 5. Validation of local responses of Finite Element models: (a) bending moment; (b) vertical shear force; (c) web-post horizontal shear force [20]

Note: FE: Finite Element

in the study was adopted as the reference model, and the mesh was refined separately in the critical web-post region and the surrounding non-critical regions. Outside the anticipated failure zone, an element size of approximately H/30

was used, whereas a substantially finer mesh was adopted within the web-post region. Convergence was assessed in terms of the limit load and the web-post horizontal bending moment at the critical failure section. Based on the refinement results, the final production mesh in the critical region was defined using 256 elements in the vertical direction and 16 elements in the longitudinal direction, as further refinement produced only negligible changes in the predicted response while considerably increasing the computational cost [20]. 

It is important to note that the S4R four-node shell element was selected because it offered an efficient and reliable formulation for nonlinear analysis of thin-walled steel members with geometric discontinuities such as circular web openings. In the present study, this element provided a suitable balance between accuracy and computational cost, especially for the large parametric set under consideration. Although higher-order shell elements such as S8R could also be used, the adopted S4R formulation was found sufficient to reproduce both the global and local responses of interest after validation, as confirmed in Figures 4 and 5. It is also noted that isogeometric FE formulations may provide an attractive alternative for thin-walled structures with complex geometry, due to their higher geometric continuity and potentially reduced mesh sensitivity, as discussed by Milić et al. [26]. 

The adopted methodology provided a consistent and reliable framework for identifying the initiation of web-post bending-dominated failure, determining the corresponding load-carrying limit, and assessing the effects of key geometric parameters on local resistance. By integrating validated FE modeling with a systematic parametric investigation, this study established a solid foundation for improving the prediction of WPHMF in cellular beams. 

4 Parametric Study

A thorough parametric investigation was conducted to examine the effects of the main geometric variables on the limit load and local response of cellular beams governed by WPHMF. Using the previously validated FE framework, 114
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a total of 100 numerical models were analyzed to represent a broad range of practical cellular beam configurations, as displayed in Figure 6. The variables being considered included the 11 beam section sizes, the slenderness ratio (L/d), and the 4 opening ratios (d0/d), as these were identified as the primary geometric parameters influencing stress redistribution and failure progression in the web-post region. The slenderness ratio ranged from 11.43 to 20, the opening ratio from 0.8 to 1.1, and the beam sections were selected from standard rolled steel profiles commonly used in engineering practice. The ranges of these parameters came from a large parametric database, which confirmed the cellular beams failure by WPBMF [18, 20]. For each numerical case, FE analysis was used to determine the principal response quantity at the onset of WPHMF, namely the limit load, defined as the equivalent uniformly distributed line load corresponding to the formation of a continuous yield path across the web-post region. The numerical results were subsequently compared with the corresponding predictions of ANSI/AISC 360-16 [21] to evaluate the adequacy of the current design approach. 

Figure 6. Parametric investigation

5 Results and Discussion

The numerical simulations indicated that WPHMF emerged as a progressive local mechanism driven by the propagation and coalescence of yielding within the web-post ligament [20]. The stress distributions at failure offered direct evidence of the governing mechanics. The in-plane normal stress field exhibited the characteristic four-lobe pattern of alternating tensile and compressive stresses around adjacent openings, thus confirming that the web-post response was predominantly governed by bending. Concurrently, the shear stress field reached its highest value along the ligament centerline, to reveal strong in-plane shear transfer through the center of the web-post. The combined effect of these normal and shear stress components generated a continuous zone of elevated von Mises stress across the web-post, hence closely corresponding to the observed failure pattern associated with WPHMF. This interaction accounts for the butterfly-shaped yielding pattern observed in the FE simulations and confirms that the failure mode is governed by the coupled effects of bending-induced normal stress and shear transfer rather than pure flexure, as illustrated in Figure 7. 

Figure 7. Butterfly-shaped yielding pattern observed in WPHMF [20]

Note: WPHMF: web-post horizontal moment failure
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Figure 8. Results of the parametric study: (a) 100 × 50 × 9.3 kg/m; (b) 150 × 75 × 14 kg/m; (c) 150 × 100 × 21.1

kg/m; (d) 175 × 90 × 18.1 kg/m; (e) 200 × 100 × 21.3 kg/m; (f) 250 × 125 × 29.6 kg/m; (g) 250 × 175 × 44.1 kg/m; (h) 300 × 150 × 36.7 kg/m; (i) 300 × 200 × 56.8 kg/m; (j) 400 × 200 × 66 kg/m; (k) 500 × 200 × 89.6 kg/m Figure 8 shows that the parametric study, based on 100 FE models, identified the beam section size, slenderness ratio, and opening ratio as the main parameters influencing the local response associated with WPHMF. All simulations exhibited failure in the WPHMF mode, as indicated by the von Mises stress distributions shown in Figure 9. Comparison with the ANSI/AISC 360-16 codes [21] further indicated that the code-based formulation was unable to accurately capture this local failure mechanism. On average, the predicted limit load was underestimated by about 68.85%. This difference could be attributed to the simplified code assumptions regarding the effective resisting area of the web-post and the fixed critical-section idealization adopted in the conventional design expression. 

Consequently, the current standard may not provide accurate prediction of the actual load-carrying limit and local resistance of cellular beams governed by bending-dominated web-post failure. 

Detailed evaluation of the geometric trends showed that decreasing the opening ratio increased the discrepancy in code-based predictions of limit load, particularly for larger beam sections. Conversely, increasing the spacing ratio reduced this discrepancy because the wider web-post ligament provided more effective area to resist local bending. 

The results further indicated that several of the smallest sections displayed the opposite trend in predicted limit load, as these sections were outside the applicable range of the design provisions. Therefore, the local resistance of cellular beams cannot be predicted with sufficient reliability unless the combined effects of opening size and spacing on stress redistribution within the web-post region are explicitly considered. 

The slenderness ratio was also discovered to have a pronounced effect on the failure response. In general, decreasing the span-to-depth ratio increased the discrepancy between the FE predictions and those of ANSI/AISC

360-16 [21], especially for larger sections. This suggested that the current code provisions became increasingly conservative for deeper cellular beams under the WPHMF conditions to be considered. Mechanistically, lower slenderness ratios enhance shear transfer across the web-post ligament and, in turn, increase the local bending demand between adjacent openings, whereas higher slenderness ratios promote a more bending-dominated global response and reduce the local shear-driven demand. Taken together, the results indicated that slenderness, spacing ratio, opening ratio, and section size act in combination to govern the initiation and severity of this failure mode. 
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Figure 9. Von-mises stress for WPHMF

Note: WPHMF: web-post horizontal moment failure

From a design standpoint, these observations suggest that WPHMF should be recognized as a distinct governing local limit state in cellular beams with small spacing ratios, rather than being assessed indirectly through simplified code-based expressions. The persistent discrepancy between the FE results and the ANSI/AISC 360-16 predictions [21] indicated that the current design provisions did not fully represent the actual stress path and yielding progression within the web-post region. The proposed equations therefore provided a more rational basis for estimat-ing both the magnitude and location of failure and might enable safer as well as more economical design of cellular beams within the investigated geometric ranges. However, these conclusions should be considered in light of the assumptions adopted in the numerical model, including monotonic loading, perfectly plastic material behavior, and the omission of detailed geometric imperfections and residual stresses. 

Although the present analysis was conducted under monotonic loading, the identified WPHMF mechanism might be modified under coupled service conditions. Under cyclic or dynamic loading, repeated stress reversals and local demand amplification may accelerate yielding accumulation and alter the progression of the critical plastic zone within the web-post ligament. Likewise, under elevated temperature or thermo-mechanical coupling, the local stiffness and strength degradation of the steel may reduce the limit load and shift the critical failure path. These considerations suggest that WPHMF should also be examined within broader multiphysics loading frameworks in future studies. 

6 Conclusions

This study examined the limit load and behavior of cellular beams under WPHMF using a validated three-dimensional FE model developed in ABAQUS. A total of 100 numerical simulations were performed by varying the beam section size, slenderness ratio, and opening ratio, with the limit load defined by the formation of a continuous yield path across the web-post region. The results demonstrated that WPHMF is a distinct and governing local failure mode in cellular beams with closely spaced openings, occurring before web-post horizontal shear failure and 118

Vierendeel action. 

Besides, stress analysis revealed that this mechanism was controlled by the combined action of in-plane normal stress and shear stress, leading to the characteristic butterfly-shaped yielding pattern within the web-post region. 

The parametric study showed that the limit load was strongly dependent on the opening ratio, slenderness ratio, and section size. Relative to the FE results, the ANSI/AISC 360-16 codes underestimated the limit load by an average of 68.85%, with larger discrepancies observed for beams with smaller opening ratios, lower slenderness ratios, and larger section sizes. These findings suggested that current design provisions did not adequately represent the true load-carrying limit associated with bending-dominated web-post failure, and that WPHMF should be recognized as a distinct local limit state in the design of cellular beams with closely spaced openings. 

For the benefits of complex engineering systems, these findings are relevant to the safer design of integrated structural members that must simultaneously satisfy load-carrying, service-integration, and performance requirements. Improved prediction of web-post limit states could support the optimization of multifunctional cellular beams used in buildings and infrastructure where structural efficiency is combined with routing of mechanical and utility systems. The present results may provide a useful structural basis for future multiphysics modeling frameworks that should take into account coupled effects such as thermal actions, fluid–structure interaction, and dynamic loading in perforated steel members. 

Future research should extend the present work beyond the assumptions adopted in the numerical model, including monotonic loading, elastic–perfectly plastic material behavior, and the exclusion of residual stresses and detailed geometric imperfections. Experimental investigations are recommended to further verify the observed failure mechanism and the predicted limit load, particularly for beams with closely spaced openings and large section sizes. In addition, broader numerical and experimental studies covering wider geometric ranges, different loading conditions, and more realistic material and fabrication effects would be valuable for improving the reliability and general applicability of the findings in practical design. 

Author Contributions

Conceptualization, W.S. and S.A.; methodology, M.P.P., N.I., W.T., P.Y., W.S., and S.A.; software, W.S. and S.A.; validation, W.S., S.A., and S.L.; formal analysis, W.S. and S.L.; investigation, M.P.P., N.I., W.T., P.Y., W.S., S.A., and S.L.; resources, W.S.; data curation, M.P.P., W.S., and S.A.; writing—original draft preparation, M.P.P., N.I., W.T., P.Y., and W.S., writing—review and editing, W.S., S.A., and S.L.; visualization, M.P.P., N.I., W.T., P.Y., W.S., and S.A.; supervision, S.A. and S.L.; project administration, W.S.; funding acquisition, W.S. All authors have read and agreed to the published version of the manuscript. 

Funding

This study was funded by University of Phayao and Thailand Science Research and Innovation Fund (Fundamental Fund 2027) awarded to W. Sae-Long. 

Data Availability

The data used to support the research findings are available from the corresponding author upon request. 

Acknowledgements

This study was financially supported by University of Phayao and Thailand Science Research and Innovation Fund (Fundamental Fund 2027) awarded to W. Sae-Long. 

Conflicts of Interest

The authors declare no conflicts of interest. 

Declaration on the Use of Generative AI and AI-assisted Technologies

The authors declare generative artificial intelligence (AI) or AI-assisted technologies were only used in reviewing and improving the language usage in this manuscript. The authors remain fully responsible for the content of the work and for ensuring its accuracy, originality, and compliance with ethical and publishing standards. 

References

[1] Y. Yang, H. Du, G. Yao, X. Ma, and W. Men, “Time-varying mechanical analysis of long-span spatial steel structures integral lifting in construction basing building information model,”  Sustainability, vol. 15, no. 14, pp. 11 256–11 256, 2023. https://doi.org/10.3390/su151411256

[2] H. E. Fairclough and M. Gilbert, “Layout optimization of long-span structures subject to self-weight and multiple load-cases,”  Struct. Multidiscip. Optim. , vol. 65, no. 7, pp. 197–197, 2022. https://doi.org/10.1007/s0

0158-022-03242-9

119

[3] R. Utami, M. Keintjem, R. Suwondo, and M. Altaee, “Comparative analysis of space truss and conventional truss systems in long-span structures: Performance and material efficiency,”  IOP Conf. Ser.: Earth Environ. 

 Sci. , vol. 1564, no. 1, pp. 012 031–012 031, 2025. https://doi.org/10.1088/1755-1315/1564/1/012031

[4] Q. Ning, J. Lu, S. Li, and X. Lu, “Structural behavior of a fixed-end arched cellular steel beam without lateral support,”  Build. , vol. 14, no. 1, pp. 229–229, 2024. https://doi.org/10.3390/buildings14010229

[5] L. A. de Aguiar, D. K. Monteiro, M. V. Ceron, and I. B. Morsch, “Optimum design of steel cellular beams using particle swarm optimization and finite element method,”  Thin-Walled Struct. , vol. 215, pp. 113 553–113 553, 2025. https://doi.org/10.1016/j.tws.2025.113553

[6] B. Liu, W. Liao, T. Zhang, Y. Yu, B. Dai, D. Liu, S. Chen, and B. Li, “Experimental study and finite element analysis on the shear performance of steel-bamboo composite cellular beam,”  Mech. Adv. Mater. Struct. , vol. 32, no. 22, pp. 5651–5661, 2025. https://doi.org/10.1080/15376494.2024.2427379

[7] M. C. L. Brand˜ao, L. Yepes-Bellver, M. Kripka, and É. C. Alves, “Parametric analysis in the optimization design of composite cellular beams,”  Infrastruct. , vol. 11, no. 4, pp. 135–135, 2026. https://doi.org/10.3390/in

frastructures11040135

[8] A. I. Pritykin, “Prediction of the stress level and stress concentration in cellular beams with circular openings,” 

 Mech. , vol. 23, no. 4, pp. 488–494, 2017. https://doi.org/10.5755/j01.mech.23.4.15136

[9] P. Saternus, “Cellular beams with closely spaced web openings—A review of analytical calculation models for web-post buckling,”  Adv. Sci. Technol. Res. J. , vol. 16, no. 1, pp. 213–230, 2022. https://doi.org/10.12913/229

98624/144146

[10] L. Aguiar, M. E. Benincá, and I. B. Morsch, “Parametric analysis on hybrid design method for steel cellular beams,”  REM, Int. Eng. J. , vol. 77, no. 3, pp. e230 076–e230 076, 2024. https://doi.org/10.1590/0370-44672

023770076

[11] L. Kang, S. Hong, and X. Liu, “Shear behaviour and strength design of cellular beams with circular or elongated openings,”  Thin-Walled Struct. , vol. 160, pp. 107 353–107 353, 2021. https://doi.org/10.1016/j.tws.2020.107

353

[12] P. Panedpojaman, W. Sae-Long, R. Yapa, and P. Chaiviriyawong, “Design of cellular members under axial-shear-flexure interaction,”  J. Appl. Comput. Mech. , vol. 10, no. 4, pp. 754–769, 2024. https://doi.org/10.22055

/jacm.2024.45237.4335

[13] G. M. Franc¸a, C. M. Weidlich, E. D. Sotelino, and D. C. T. Cardoso, “An appraisal of the Vierendeel mechanism capacity of cellular beams with sinusoidal openings,”  J. Constr. Steel Res. , vol. 198, pp. 107 539–107 539, 2022. 

https://doi.org/10.1016/j.jcsr.2022.107539

[14] S. G. Morkhade, K. R. Jagtap, P. S. Ghorpade, D. D. Ahiwale, and H. M. Najm, “Buckling performance evaluation of steel cellular beams strengthened with flange cover plate,”  Asian J. Civ. Eng. , vol. 23, pp. 

1277–1290, 2022. https://doi.org/10.1007/s42107-022-00483-3

[15] J. Y. Namba, I. E. da Silva Ribeiro, H. C. A. Tavares, A. Rossi, P. A. Krahl, C. A. B. Torres, and C. H. Martins, 

“Evaluation of web post-buckling in high-strength cellular steel and high-strength concrete composite beams: A numerical study,”  Eng. Struct. , vol. 334, pp. 120 223–120 223, 2025. https://doi.org/10.1016/j.engstruct.20

25.120223

[16] B. Huang and S. Cao, “Lateral-torsional buckling performance of I-section cellular beams,”  J. Constr. Steel Res. , vol. 228, pp. 109 417–109 417, 2025. https://doi.org/10.1016/j.jcsr.2025.109417

[17] P. Panedpojaman, T. Thepchatri, and S. Limkatanyu, “Novel simplified equations for Vierendeel design of beams with (elongated) circular openings,”  J. Constr. Steel Res. , vol. 112, pp. 10–21, 2015. https://doi.org/10

.1016/j.jcsr.2015.04.007

[18] W. Sae-Long, S. Arun, S. Limkatanyu, P. Chaimahawan, N. Damrongwiriyanupap, W. Fakkaew, and S. Wongchairattana, “Behavior and design implications of web-post shear failure in cellular beams,”  Results Eng. , vol. 27, pp. 106 709–106 709, 2025. https://doi.org/10.1016/j.rineng.2025.106709

[19] F. G. Berti, A. S. de Carvalho, A. Rossi, V. M. de Oliveira, J. P. Martins, L. S. da Silva, and C. H. Martins, 

“Flexural resistance of steel cellular beams subject to global-local buckling interaction: Direct strength method approach,”  Thin-Walled Struct. , vol. 213, pp. 113 266–113 266, 2025. https://doi.org/10.1016/j.tws.2025.113

266

[20] W. Sae-Long, S. Arun, A. Witthayapraphakorn, S. Limkatanyu, N. Damrongwiriyanupap, W. Fakkaew, P. Chaimahawan, and C. Thongchom, “Local failure behavior of cellular beams: A parametric finite element study of web-post bending moment,”  Results Eng. , vol. 29, pp. 109 372–109 372, 2026. https:

//doi.org/10.1016/j.rineng.2026.109372

[21] ANSI/AISC,  Specification for structural steel buildings. 

Chicago, Illinois: American Institute of Steel

Construction, 2016. 

[22] Dassault Systemes Simulia Corp.,  ABAQUS Version 2021-EF documentation. 

Dassault Systemes Simulia

120

Corp., 2021. 

[23] J. Warren, “Ultimate load and deflection behaviour of cellular beams,” Master’s thesis, University of Natal, Durban, Republic of South Africa, 2001. https://api.semanticscholar.org/CorpusID:108789864

[24] P. D. Pachpor, L. M. Gupta, and N. V. Deshpande, “Analysis and design of cellular beam and its verification,” 

 IERI Procedia, vol. 7, pp. 120–127, 2014. https://doi.org/10.1016/j.ieri.2014.08.019

[25] B. S. Institution,  Structural use of steelwork in building: Part 1, 1985. https://doi.org/10.3403/BS5950

[26] P. Milić, D. Marinković, S. Klinge, and Ž. Ćojbašić, “Reissner-Mindlin based isogeometric finite element formulation for piezoelectric active laminated shells,”  Teh. Vjesn. , vol. 30, no. 2, pp. 416–425, 2023. https:

//doi.org/10.17559/TV-20230128000280

121





Document Outline


	1 Introduction

	2 Methodology

	3 Finite Element Models

	3.1 Model Validation

	3.2 Limit Load

	3.3 Mesh Analysis





	4 Parametric Study

	5 Results and Discussion

	6 Conclusions




index-5_3.png
+ Proposed model
O Pachpor's model [24]
BS 5950 [25]






index-5_2.png
+ Proposed model
[ Pachpor's model [24]
BS 5950 [25]






index-6_2.png
bending moment

Horizontal failure section

Horizontal failure
section

Web-post horizontal shear force





index-6_1.png
Section sizes Opening ratios ‘Slendemess ratios Number of study samples

- - -





index-7_2.png
..

-0-L/d=13.33
--L/d=16.67

L/d=20






index-7_1.png





cover.jpeg
Journal of Complex and Multiphysics Engineering

&£
< Systems /\ ACADLORE

https://www.acadlore.com/journals/JCMES. Globat Scholarshp, Curated with Risor

Limit Load of Cellular Beams Governed by Web-Post Bending
Failure in Integrated Structural Systems S

Moe Pwint Phyu!®, Nonthawat Inkiaesai'®, Warayut Tasit'®, Pongphet Yanshai'®, Worathep Sae-Long!"®,
Sutham Arun'®, Suchart Limkatanyu?®

! School of Engineering, University of Phayao, 56000 Phayao, Thailand
2 Department of Civil and Environmental Engineering, Faculty of Engineering, Prince of Songkla University, 90110
Songkhla, Thailand

" Correspondence: Worathep Sae-Long (worathep.sa@up.ac.th)
Received: 01-16-2026 Revised: 03-02-2026 Accepted: 03-22-2026

Citation: Moe Pwint Phyu, N. Inkiaesai, W. Tasit, P. Yanshai, W. Sae-Long, S. Arun, and S. Limkatanyu, “Limit
load of cellular beams governed by web-post bending failure in integrated structural systems,” J. Complex Multiphys.
Eng. Syst.,vol. 1,no. 1, pp. 110-121, 2026. https://doi.org/10.56578/jcmes010107.

© 2026 by the author(s). Licensee Acadlore Publishing Services Limited, Hong Kong. This article can be downloaded for free, and
reused and quoted with a citation of the original published version, under the CC BY 4.0 license.

Abstract: Local failure in cellular beams is strongly influenced by stress redistribution within the web-post region, yet
bending-dominated mechanisms associated with closely spaced openings remain insufficiently addressed in current
design provisions. This study examines the limit load corresponding to web-post bending failure using a three-
dimensional Finite Element (FE) framework, with particular attention to structural members employed in integrated
systems where service openings are required. The numerical model is first validated against available experimental
and computational results to ensure accurate representation of both global response and local stress transfer. A
parametric study involving 100 models is then carried out by varying section size, slenderness ratio, and opening
ratio. The limit load is defined by the formation of a continuous yield path across the web-post ligament. The results
show that bending-dominated web-post failure develops as a progressive mechanism controlled by the combined
action of normal stress and shear transfer. This mode consistently precedes other local mechanisms, including
web-post shear failure and Vierendeel action, and therefore governs the load-carrying capacity. Comparisons with
ANSI/AISC 360-16 indicate that the current provisions underestimate the limit load by an average of 68.85%, with
larger discrepancies observed for beams with lower slenderness ratios, smaller opening ratios, and larger section
sizes. The findings highlight the need to explicitly consider this failure mode in design and provide a clearer basis
for assessing the local resistance of cellular beams used in structural systems where mechanical performance must
be reconciled with service integration requirements.

Keywords: Cellular beams; Limitload; Web-post bending failure; Finite Element modelling; Local failure behaviour;
Structural systems

1 Introduction

The continued growth of the construction industry has led to increasing demands on structural systems to deliver
longer spans, lower self-weight, and better material efficiency without compromising strength and serviceability [1—
3]. Within this context, cellular steel beams have gained growing interest in building engineering, as shown in
Figure 1, since their web openings not only facilitate the passage of mechanical and electrical services but also
enhance structural efficiency [4-7]. However, the presence of these openings significantly modifies the stiffness
distribution, internal force-transfer mechanism, and stress distribution within the member, thereby introducing both
global and local failure modes that must be properly understood to ensure safe and economical design [8-10].

Previous studies, from a global perspective, revealed that the structural behavior of cellular beams depended on
the interaction among bending, shear, and stability effects [11, 12]. Reported failure modes comprise Vierendeel
action, web-post buckling, lateral torsional buckling, and overall bending- or shear-governed failure [13-16]. Taken
together, these studies suggested that the behavior of cellular beams was strongly influenced by parameters such
as opening geometry, spacing arrangement, loading condition, and member proportions, and that existing design
codes may be either overly conservative or unconservative depending on the governing failure mode [13—16]. These
observations point to the need for a more refined assessment of failure behavior in perforated steel members.

https://doi.org/10.56578/jcmes010107
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