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Corrugated board is a ubiquitous material, playing a critical role in modern 
packaging, transportation, and storage industries. While traditional flute 
shapes like sinusoidal waves dominate production, exploring and 
implementing novel fluting geometries could significantly enhance the 
mechanical properties of this material. This editorial discusses the 
theoretical future of various flute shapes and their potential to improve 
mechanical performances, such as bending stiffness and load-bearing 
capacity. Embracing innovative design and production techniques could 
lead to more sustainable and high-performing usages for corrugated 
cardboard for diverse applications. 
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The Role of Corrugated Board 
 Cardboard has established itself as a fundamental material in packaging, providing 

a versatile, cost-effective solution for transporting goods worldwide. Its strength, 

resilience, and relatively low weight make it ideal for diverse applications, from bulk 

shipping to retail-ready packaging. The corrugated layer, or flute, plays a key role in 

providing these properties by forming a lightweight, rigid structure that resists compressive 

and bending forces. 

The traditional sinusoidal flute shape, widely used for its balance of performance 

and manufacturability, has limitations (Gaudelas et al. 2023). As global demands evolve, 

particularly regarding sustainability and performance, the industry faces new challenges 

(Garbowski and Pośpiech 2024). Packaging material must be lighter, stronger, and more 

environmentally friendly, with enhanced recyclability and resource efficiency. Addressing 

these challenges requires rethinking the corrugated layer's design and exploring new fluting 

geometries that could offer superior mechanical properties. 

This editorial examines the potential of novel flute shapes to improve cardboard’s 

mechanical behavior, emphasizing their importance in meeting modern requirements 

(Garbowski and Borecki 2024). By investing in innovative designs, the industry can 

achieve more efficient, sustainable packaging solutions that outperform traditional 

products. 
 

Current State of Flute Design 
 The widespread use of sinusoidal flutes in corrugated cardboard production reflects 

their effectiveness and compatibility with high-speed manufacturing processes (Luo et al. 

2022). This shape offers predictable mechanical properties and cost efficiency, making it 

the industry standard (Popil 2012; Johst et al. 2023). However, its limitations become 

evident as market demands for improved performance and sustainability grow. Traditional 
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designs may lack the strength, stiffness, or adaptability required for specific packaging 

applications (Garbowski 2022). 

Exploring alternative flute geometries presents an opportunity to enhance 

performance. Circular, spline-based, and trapezoidal profiles offer potential improvements 

in load-bearing capacity, edge crush resistance, and bending stiffness. Circular flutes, for 

example, distribute compressive stresses more uniformly, reducing the risk of localized 

deformation. Spline-based shapes provide customizable mechanical behavior, while 

trapezoidal designs enhance structural rigidity. 

Adopting these shapes poses challenges in terms of manufacturing complexity, 

cost, and scalability. High-speed production lines must adapt, and the economic feasibility 

of new shapes must be evaluated. Nevertheless, the potential performance gains justify 

exploring these innovations, especially in light of growing sustainability and efficiency 

demands. 
 

Exploring Futuristic Fluting Shapes 
 The sinusoidal flute shape has traditionally defined the corrugated layers in a 

cardboard’s mechanical performance because of its balance of strength, weight, and cost-

effectiveness. It represents only a fraction of the potential designs that could maximize the 

material's capabilities. Researchers and engineers are now delving into a diverse range of 

alternative geometries that aim to unlock new mechanical properties and performance 

enhancements. 

These novel shapes seek to address specific limitations inherent to the sinusoidal 

profile, such as limited adaptability to varying load conditions and suboptimal distribution 

of stresses. By modifying the corrugated layer’s profile, these alternative designs strive to 

improve crucial properties such as edge crush resistance, which is critical for maintaining 

structural integrity during stacking and transport. This exploration of new geometries holds 

the promise of transforming corrugated board into a more efficient, resilient, and adaptable 

material suited for a broad range of modern applications. 
 

Circular fluting 

This design departs from traditional sinusoidal waves by using semi-circular 

segments that connect vertically, offering enhanced load distribution and greater resistance 

to localized deformation. This improved edge crush performance can benefit applications 

demanding high stacking strength, though precise forming increases manufacturing 

complexity. Additionally, the uniform curvature of circular flutes helps in dispersing 

localized stresses more effectively, which can extend the material's lifespan in demanding 

environments. 
 

Variable sinusoidal profiles 

By altering wave period and amplitude, variable sinusoidal profiles allow for 

tailored mechanical responses. Shorter wave periods can enhance stiffness and load 

capacity, while longer periods offer more flexibility. This adaptability strikes a balance 

between innovation and compatibility with existing production processes. It also offers a 

versatile solution for packaging that requires customization for different load conditions 

without significant retooling. 
 

Spline-based profiles 

Spline-based profiles range from triangular to balloon-like shapes, allowing 

customized mechanical behavior through precise curvature control. This opens doors to 
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new performance characteristics, but achieving consistent production remains challenging 

due to geometric complexity. Such profiles enable fine-tuning of stress distribution, 

making them suitable for applications that require both rigidity and shock absorption. 

 

Trapezoidal and rectangular variants 

Trapezoidal and rectangular shapes offer higher bending stiffness due to increased 

moments of inertia, enhancing load-bearing capacity. However, these designs may 

introduce stress concentrations, requiring careful optimization to balance performance and 

structural integrity. Their distinct flat faces and sharp corners can be engineered for specific 

performance improvements in structural applications. 

 

Mechanical advantages and challenges 

Each shape offers unique benefits: circular and spline-based profiles enhance edge 

crush resistance, while variable sinusoidal and trapezoidal designs improve stiffness and 

load distribution. Despite potential gains, challenges such as manufacturing complexity 

and cost increases must be addressed. Collaborative efforts among researchers, engineers, 

and industry stakeholders, coupled with investments in precision forming and rigorous 

testing, are crucial for success. In summary, exploring these futuristic fluting shapes can 

enhance corrugated cardboard's mechanical properties, creating sustainable, high-

performance packaging solutions.  

 

Potential Mechanical Benefits 
 Exploring new fluting shapes offers significant mechanical benefits for corrugated 

cardboard. Enhanced edge crush resistance improves stacking strength and reduces the risk 

of deformation under load. Circular and spline-based profiles achieve this by distributing 

compressive forces more uniformly. Improved bending stiffness, enabled by trapezoidal 

and rectangular shapes, enhances structural rigidity, allowing for thinner, lighter sheets 

without compromising performance.  

Optimized load distribution is another key benefit. Variable sinusoidal and spline-

based profiles can distribute loads more evenly, reducing stress concentrations and 

increasing the material’s overall resilience. Enhanced energy absorption, critical for 

protecting goods during impact, is achievable through shapes with smooth transitions, such 

as circular and spline-based flutes. By reducing material usage through optimized 

performance, novel shapes contribute to sustainability goals. Thinner, lighter sheets reduce 

raw material consumption and transportation costs, supporting a more sustainable supply 

chain. While challenges remain, the potential for improved performance and resource 

efficiency justifies continued investment in research and development. 

 

Production and Economic Feasibility 
 Adopting new fluting shapes in corrugated cardboard production requires 

addressing manufacturing and economic challenges. Traditional high-speed production 

lines are optimized for sinusoidal flutes, necessitating modifications to accommodate new 

shapes. Precision control and consistent material behavior are critical for achieving 

uniform performance across complex geometries. 

Economic feasibility is a key consideration, as the packaging industry is highly 

cost-sensitive. New shapes must offer clear benefits to justify potential increases in 

production costs. However, these benefits—such as reduced material usage, enhanced 
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performance, and lower transportation costs—can offset initial investments. Scalability 

and market acceptance are essential for successful adoption.  

Solutions include leveraging emerging technologies such as precision forming, 

digital modeling, and automation. Collaborative efforts among industry stakeholders can 

drive innovation, develop new standards, and facilitate the adoption of complex designs. 

By addressing manufacturing and cost challenges, the industry can realize the benefits of 

novel fluting shapes without compromising efficiency or affordability. 

 

Concluding Thoughts – A Call for Innovation 
 The exploration of novel fluting shapes represents an opportunity to redefine the 

mechanical performance and sustainability of corrugated cardboard. By improving edge 

crush resistance, bending stiffness, and load distribution, these shapes offer the potential 

for lighter, stronger, and more efficient packaging solutions. Collaborative innovation 

among researchers, engineers, and industry partners is crucial to overcoming 

manufacturing challenges and achieving economic feasibility. 

Embracing new designs aligns with global demands for sustainability and improved 

resource efficiency. By fostering a culture of experimentation and investing in research and 

development, the corrugated cardboard industry can lead the way in creating high-

performance, environmentally-friendly packaging solutions. This call for innovation 

emphasizes the potential to push beyond traditional designs, including Artificial 

Intelligence (Garbowski 2023), offering transformative advances that meet the evolving 

needs of society and industry alike. 
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