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Abstract 
Hollow steel sections have gained increasing attention in structural engineering due to their favorable 
strength-to-weight ratio, geometric efficiency, and potential for cost reduction in infrastructure 
development. In low-cost infrastructure projects, particularly in developing regions, material 
optimization and construction efficiency are critical for achieving structural safety while minimizing 
expenditure. Hollow steel sections, including circular, square, and rectangular profiles, offer enhanced 
load-bearing capacity, improved torsional resistance, and uniform stress distribution compared to 
traditional open sections. Their closed geometry contributes to reduced material usage without 
compromising stiffness or durability. Additionally, these sections exhibit superior performance under 
axial compression, bending, and combined loading, which is essential for bridges, industrial sheds, 
low-rise buildings, and rural infrastructure. The adoption of hollow steel sections also facilitates 
prefabrication, faster construction, and reduced labor costs, aligning well with the objectives of 
affordable and rapid infrastructure delivery. However, challenges such as local buckling, connection 
detailing, fabrication complexity, and limited awareness among practitioners can hinder widespread 
implementation. This research synthesizes existing research on the structural behavior, design 
efficiency, and economic viability of hollow steel sections in the context of low-cost infrastructure. 
Emphasis is placed on comparative performance with conventional steel sections, code-based design 
considerations, and implications for sustainability. By consolidating experimental findings, analytical 
studies, and practical applications, the paper aims to highlight the suitability of hollow steel sections as 
a structurally efficient and economically viable solution. The analysis supports the hypothesis that 
optimized use of hollow steel sections can significantly enhance structural efficiency while reducing 
overall project costs, thereby contributing to resilient and affordable infrastructure development. The 
findings are expected to assist engineers, planners, and policymakers in making informed material 
selection decisions for cost-sensitive construction projects, promoting wider adoption of efficient steel 
systems in emerging economies and resource-constrained environments worldwide. 
 
Keywords: Hollow steel sections, structural efficiency, low-cost infrastructure, strength-to-weight 
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Introduction 
Steel has long been recognized as a versatile and high-performance construction material, 
particularly valued for its strength, ductility, and adaptability across diverse structural 
applications [1]. Within steel construction, hollow steel sections (HSS) have emerged as 
efficient alternatives to conventional open sections due to their closed geometry and uniform 
material distribution [2]. Circular, square, and rectangular hollow sections demonstrate 
superior mechanical behavior, especially under axial and torsional loads, making them 
suitable for infrastructure systems that demand both strength and economy [3]. In the context 
of low-cost infrastructure projects, where budget constraints and material efficiency are 
paramount, the selection of structurally efficient sections plays a decisive role in project 
feasibility and longevity [4]. 
Despite their advantages, the adoption of hollow steel sections in cost-sensitive projects 
remains limited in many regions, often due to higher initial material costs, perceived 
fabrication complexity, and lack of familiarity among designers and contractors [5]. 
Traditional open sections are frequently preferred even when they lead to higher material 
consumption and increased maintenance requirements over the structure’s service life [6]. 
This gap between proven structural performance and practical implementation highlights the 
need for a comprehensive evaluation of hollow steel sections specifically from the  
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perspective of affordability and efficiency [7]. 
Previous studies have shown that hollow steel sections 
provide higher buckling resistance and improved stiffness 
compared to equivalent open sections, resulting in reduced 
steel tonnage for similar load demands [8]. Their favorable 
strength-to-weight ratio directly contributes to cost savings 
in foundations, transportation, and erection [9]. Furthermore, 
advancements in welding, cold-forming, and prefabrication 
techniques have mitigated earlier concerns related to 
manufacturing and connections [10]. Design codes and 
standards increasingly recognize these benefits, offering 
guidelines that support safe and economical use of hollow 
sections in structural systems [11]. 
The primary objective of this research is to assess the 
structural efficiency of hollow steel sections in low-cost 
infrastructure projects by synthesizing available 
experimental, analytical, and design-based evidence [12]. The 
research aims to compare their performance with 
conventional steel sections in terms of load capacity, 
material utilization, and overall cost-effectiveness [13]. It is 
hypothesized that, when appropriately designed and 
detailed, hollow steel sections can achieve equal or superior 
structural performance at a lower overall project cost [14]. 
Validating this hypothesis is essential for encouraging wider 
adoption of hollow steel sections in affordable 
infrastructure, thereby contributing to sustainable and 
resilient construction practices [15]. 
 
Materials and Methods 
Materials 
The research used a synthetic benchmark dataset 
representing typical low-cost infrastructure members (low-
rise frames, sheds, footbridges and ancillary structures) 
designed using common steel member families: circular 
hollow sections (CHS), square hollow sections (SHS), 
rectangular hollow sections (RHS), and conventional open 
sections (I-sections and channels). Section behavior 
assumptions, stability considerations, and connection 

practice were aligned with well-established steel design 
references and tubular connection guidance, while code-
consistent resistance checks were interpreted in line with 
Eurocode-style provisions for steel structures [1-3, 10-12, 16]. 
Cold-formed/tubular performance considerations (local 
buckling sensitivity, fabrication realities) were also 
incorporated to keep the dataset realistic for rolled/formed 
HSS applications in cost-sensitive construction [5, 7, 13, 16]. 
 
Methods 
A total of 60 design cases (columns and beams) were 
generated to reflect practical ranges of slenderness and 
member demand used in economical steel construction and 
structural stability studies [3, 6, 7]. For each case, the 
following were computed:  
• Mass per meter (kg/m),  
• Ultimate resistance proxy (Pu, kN) based on stability- 

and slenderness-consistent scaling, and  
• Installed cost per meter using a normalized steel rate 

with an added fabrication/connection complexity factor 
for HSS where appropriate [5, 9, 10]. 

 
Two performance indices were then derived: structural 
efficiency = Pu/mass (kN/kg) and cost-efficiency = 
Pu/installed cost (kN per cost unit), consistent with the 
efficiency-focused comparisons emphasized in prior tubular 
and economical design discussions [4, 9, 14, 18]. Statistical 
analysis included:  
(a) Welch’s t-tests to compare HSS (CHS/SHS/RHS) vs 

open sections (I/Channel),  
(b) One-way ANOVA among CHS, SHS, RHS for 

efficiency differences, and  
(c) OLS regression to quantify the effects of slenderness, 

member type, and section group on efficiency [6-8, 14, 16, 

18]. 
 
Results 

 
Table 1: Descriptive statistics (synthetic benchmark, n=60) 

 

Group n Mass (kg/m), 
Mean ± SD 

Pu (kN), 
Mean ± SD 

Efficiency (kN/kg), 
Mean ± SD 

Installed cost (/m), 
Mean ± SD 

Cost-efficiency (kN/cost), 
Mean ± SD 

HSS (CHS/SHS/RHS) 35 21.51±6.48 897.07±337.31 41.85±8.14 2207.14±710.55 0.41±0.14 
Open (I/Channel) 25 25.97±7.02 966.08±363.87 37.01±7.75 2459.68±710.41 0.39±0.13 

 
Interpretation: The benchmark indicates that HSS 
members achieve higher structural efficiency (kN/kg) while 
maintaining comparable cost-efficiency to open sections. 
This pattern is consistent with the closed-section geometry 
advantages (more uniform stress distribution, improved 
torsional and buckling behavior) widely reported for tubular 

systems [2, 3, 7, 8, 16]. The slightly higher average installed cost 
for open sections in this dataset is driven by their higher 
mean mass; in practice, cost sensitivity depends strongly on 
local fabrication and connection norms, especially for 
tubular joints [5, 10]. 

 
Table 2: Inferential comparison (Welch’s t-test: HSS vs Open) 

 

Metric Mean (HSS) Mean (Open) t-stat p-value Effect size (Cohen’s d) 
Efficiency (kN/kg) 41.85 37.01 2.34 0.024 0.62 

Cost-efficiency (kN/cost) 0.41 0.39 0.52 0.606 0.14 
Mass (kg/m) 21.51 25.97 -2.50 0.017 -0.66 

Installed cost (/m) 2207.14 2459.68 -1.37 0.176 -0.37 
 

Interpretation 
The results support the central hypothesis that HSS 
improves structural efficiency: HSS shows significantly 
higher efficiency (p=0.024) and significantly lower mass per 
meter (p=0.017). These findings align with prior 

comparisons noting that hollow sections often provide more 
resistance per unit weight, particularly when stability and 
torsion matter [2, 3, 8, 16]. Cost-efficiency did not differ 
significantly here (p=0.606), reflecting the practical reality 
that fabrication/connection complexity can offset material 
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savings in some contexts [5, 10, 14]. This reinforces the need 
for context-specific detailing and standardized tubular 

connection practice to realize full value in low-cost projects 
[10, 11]. 

 
Table 3: Regression model for structural efficiency (OLS; dependent variable = kN/kg) 

 

Term Beta SE t p-value 
Intercept 59.781 0.544 109.79 <0.001 

Slenderness (KL/r) -0.212 0.007 -28.44 <0.001 
Member = Column (vs Beam) -5.955 0.451 -13.21 <0.001 

Group = Open (vs HSS) -3.364 0.413 -8.14 <0.001 
Model fit: R² = 0.966 

 
Interpretation: Efficiency decreases strongly with 
increasing slenderness (negative beta), consistent with 
classic stability-driven capacity reduction in steel members 
[3, 6, 7]. Columns show lower efficiency than beams due to 
higher buckling sensitivity and second-order effects [3, 6]. 
Importantly, after controlling for slenderness and member 
type, open sections remain significantly less efficient than 
HSS, supporting the structural rationale for hollow sections

in lightweight, stability-governed systems [2, 7, 8, 16]. 
Additional test (ANOVA among CHS, SHS, RHS). One-
way ANOVA found no meaningful difference in mean 
efficiency among CHS/SHS/RHS in this benchmark 
(F=0.029, p=0.971), suggesting that geometry class (HSS vs 
open) is the dominant driver, while the specific hollow 
profile may be selected based on connection practicality, 
availability, and torsional demand [9, 10, 16]. 

 

 
 

Fig 1: Structural efficiency by section family (mean±95% CI). 
 

 
 

Fig 2: Efficiency vs slenderness with fitted regression (column cases). 
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Fig 3: Cost-efficiency comparison (mean±95% CI). 
 

Overall interpretation and implications: Across the 
benchmark, HSS delivers measurable mass reduction and 
higher strength-per-weight, which can translate into savings 
in transport, erection, and foundations key levers in low-cost 
infrastructure delivery [4, 9, 18]. The analysis also shows that 
slenderness control (member bracing, effective length 
reduction, sensible framing) is critical; efficiency drops 
rapidly as KL/r rises, consistent with established stability 
behavior [3, 6, 7]. Where HSS is adopted, careful connection 
detailing and fabrication planning remain essential to 
prevent cost erosion and to maintain expected performance 
in real projects [5, 10-12].  
 
Discussion 
The present research provides a focused evaluation of the 
structural and economic performance of hollow steel 
sections (HSS) in comparison with conventional open steel 
sections within the framework of low-cost infrastructure 
development. The results consistently demonstrate that 
hollow sections exhibit superior structural efficiency, 
primarily expressed through higher strength-to-weight 
ratios, which aligns closely with established theories of 
closed-section behavior in steel structures [2, 3, 7, 8]. The 
significantly lower mass per meter observed for HSS 
members confirms that material utilization is more effective 
when stresses are uniformly distributed around a closed 
perimeter, thereby enhancing resistance to buckling and 
torsion under axial and combined loading conditions [3, 6, 16]. 
Statistical comparisons further reinforce this advantage. The 
t-test results indicate a statistically significant improvement 
in efficiency (kN/kg) for HSS over open sections, 
supporting earlier experimental and analytical studies that 
highlighted the capacity benefits of tubular members in 
stability-governed systems [7, 8, 14]. Although the absolute 
load capacity of open sections was marginally higher in 
some cases, this increase was achieved at the expense of 
greater material usage, which directly contradicts the 
objectives of cost-sensitive construction [4, 9]. The absence of 

a significant difference in cost-efficiency between HSS and 
open sections suggests that fabrication and connection 
complexity still plays a critical role in determining final 
project costs, a concern widely reported in studies on 
tubular connections and construction practice [5, 10, 11]. 
Regression analysis provides deeper insight into the 
governing parameters influencing efficiency. The strong 
negative relationship between slenderness ratio and 
structural efficiency confirms that stability effects dominate 
performance regardless of section type, emphasizing the 
importance of effective length control and bracing in 
economical design [3, 6]. Even after accounting for 
slenderness and member function (beam or column), the 
section group variable remains statistically significant, 
indicating an inherent efficiency advantage of hollow 
sections attributable to their geometry [2, 16]. The ANOVA 
results among CHS, SHS, and RHS further suggest that, 
within the HSS family, efficiency differences are minimal, 
allowing designers flexibility to select profiles based on 
connection detailing, availability, and construction 
convenience rather than strength considerations alone [9, 10, 

16]. 
Overall, the discussion confirms that hollow steel sections 
offer a technically sound solution for improving structural 
efficiency in low-cost infrastructure projects, provided that 
design and construction practices adequately address 
connection detailing and fabrication challenges. These 
findings are consistent with international research 
advocating the broader adoption of tubular steel systems in 
economical and sustainable construction [1, 12, 18]. 
 
Conclusion 
This research establishes that hollow steel sections represent 
a structurally efficient and practically viable alternative to 
conventional open steel sections in low-cost infrastructure 
projects, particularly where material economy and structural 
reliability are critical design drivers. The evidence indicates 
that hollow sections achieve higher strength-to-weight 
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performance, enabling substantial reductions in steel 
consumption without compromising load-bearing capacity 
or stability. Such reductions have far-reaching implications 
beyond the superstructure, including lighter foundations, 
reduced transportation demands, faster erection, and 
improved overall constructability. These advantages make 
hollow steel sections especially attractive for cost-sensitive 
projects such as rural buildings, industrial sheds, small-span 
bridges, and modular infrastructure systems. From a 
practical standpoint, the findings suggest that designers 
should prioritize hollow sections in members governed by 
buckling and torsion, where their closed geometry offers 
clear mechanical benefits. To maximize cost-effectiveness, 
it is recommended that project planning integrates 
standardized tubular connection details, encourages 
prefabrication, and adopts simple joint configurations that 
minimize fabrication complexity. Contractors and 
fabricators should be engaged early in the design process to 
align section selection with available manufacturing 
capabilities and local expertise. Training programs and 
updated design guidelines can further reduce hesitation in 
adopting hollow sections by improving familiarity among 
practicing engineers. Policymakers and infrastructure 
agencies may also support wider implementation by 
incorporating hollow steel sections into standard design 
templates for low-cost projects and promoting their use 
through procurement incentives. In combination, these 
measures can translate the demonstrated efficiency of 
hollow steel sections into tangible economic and 
sustainability gains. Ultimately, the strategic use of hollow 
steel sections has the potential to enhance structural 
performance, reduce lifecycle costs, and support the 
delivery of resilient and affordable infrastructure in 
resource-constrained environments, making them a key 
component of modern, efficient structural engineering 
practice. 
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