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Abstract: This paper explores the emerging field of steel-reinforced plastic components in additive manufacturing, focusing on their 

potential to create high-strength, lightweight structures for various industrial applications. While polymers have traditionally dominated 

3D printing, integrating steel reinforcements presents a promising avenue for enhancing mechanical performance. Drawing parallels 

with the extensively studied field of steel-reinforced ceramics, this review highlights the unique challenges and opportunities associated 

with combining steel and plastic matrices, such as material compatibility, process adaptation, and precision in design. The paper 

synthesizes existing knowledge, identifies key research gaps, and suggests future directions to advance the development of steel-

reinforced plastics, positioning this technology as a crucial enabler of innovative manufacturing solutions. 
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1. Introduction 
 

Additive manufacturing, commonly known as 3D printing, 

has dramatically transformed the design and fabrication of 

complex structures across a wide range of industries. While 

polymers have traditionally dominated 3D printing due to 

their ease of printing, cost-effectiveness, and diverse 

material properties, there is a growing interest in composite 

materials that integrate metals like steel to achieve enhanced 

mechanical performance. 

 

Steel-reinforced plastics represent a promising frontier in 3D 

printing, potentially creating high-strength, lightweight 

components tailored for specific applications. This approach 

combines steel’s flexibility, toughness, and tensile strength 

with the versatility and ease of processing of polymers, 

enabling the fabrication of robust and adaptable components. 

However, the scientific literature on steel-reinforced plastics 

remains sparse, with most studies focused on the more 

established field of steel-reinforced ceramics. 

 

Integrating steel into ceramic matrices has been extensively 

researched, resulting in significant mechanical properties, 

thermal stability, and wear resistance advancements. These 

composites have proven invaluable in applications requiring 

high-temperature stability and hardness, such as in 

aerospace, defense, and high-performance engineering 

sectors. The body of work on steel-reinforced ceramics 

provides a rich foundation of knowledge with well-

documented methodologies and performance evaluations. 

 

In contrast, incorporating steel into plastic matrices presents 

a relatively unexplored area, with limited literature 

available. The challenges associated with this integration—

such as disparities in thermal expansion coefficients, 

bonding issues, and processing complexities—demand a 

distinct approach to material design and fabrication. Despite 

these challenges, the potential benefits of steel-reinforced 

plastics are significant, particularly in industries where 

weight savings are critical, such as automotive, aerospace, 

and consumer electronics. 

This review seeks to fill the gap in the literature by 

providing a comprehensive overview of the current state of 

steel-reinforced plastic components and structures. It draws 

comparisons with the extensively studied field of steel-

reinforced ceramics to highlight this emerging area’s 

potential and challenges. This review aims to underscore the 

importance of continued investigation into steel-reinforced 

plastics by synthesizing the existing knowledge and 

identifying areas for further research. The insights provided 

will serve as a valuable resource for researchers and 

engineers, guiding the development of innovative materials 

and advancing the capabilities of additive manufacturing 

technologies. 

 

2. Literature Review 
 

Integrating steel reinforcement into 3D printing has emerged 

as a pivotal development in manufacturing, particularly for 

enhancing the structural integrity of plastic components. 

Traditionally, 3D printing or additive manufacturing 

technology has been employed to create complex geometries 

with minimal waste, offering substantial benefits regarding 

design flexibility and material efficiency. However, one of 

the primary limitations of 3D-printed plastic components is 

their relatively low mechanical strength and durability, 

which restricts their application in load-bearing and 

structural roles [1]. Steel reinforcement has the potential to 

overcome these limitations by combining the lightweight 

nature of plastics with the high strength and rigidity of steel, 

thereby creating hybrid materials that are both strong and 

versatile. Despite the significant progress made in steel-

reinforced ceramics, applying similar techniques to plastics 

is still in its infancy, making this an important area for 

further research and development. 

 

Steel reinforcements in plastic 3D printing are increasingly 

used to enhance the mechanical properties of printed parts, 

providing additional strength, durability, and resistance to 
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deformation. These reinforcements can take various shapes 

and geometries [2], each tailored to specific applications and 

requirements. Straight rods are commonly embedded within 

the layers of the printed material to provide tensile strength 

along specific axes, making them ideal for components that 

need to resist bending or stretching. Mesh and grid 

structures, however, distribute stress more evenly across the 

part, which is particularly beneficial for larger components 

that require uniform strength. For more complex shapes, 

coiled or helical inserts can be used to follow the contours of 

the printed part, offering reinforcement in areas with non-

linear stress distribution. Perforated sheets and custom 

geometries like lattices or honeycombs are also employed 

when a balance between reinforcement and flexibility is 

needed or the design requires a tailored approach to 

strengthening specific areas. 

 

The choice of material for these reinforcements is equally 

important. Stainless steel is frequently used for its excellent 

corrosion resistance and high tensile strength, making it 

suitable for parts exposed to harsh environments or requiring 

long-term durability. Carbon steel, known for its high 

strength and hardness, is a cost-effective alternative, though 

it may require additional coatings to prevent corrosion. 

Alloy steels, with added elements like chromium or 

molybdenum, offer enhanced toughness, wear resistance, or 

heat resistance, making them ideal for high-performance 

applications. Coated with zinc, galvanized steel is often used 

in outdoor applications to prevent rust, while tool steels, 

known for their extreme hardness and wear resistance, are 

used in parts subject to high stress or wear. 

 

Figs 1(a) and 1(b) display stainless steel wire cloth 

reinforcements in rectangular and disc shapes. The 316 

stainless steel offers superior corrosion and abrasion 

resistance compared to 304 stainless steel. Fig 1(c) 

illustrates an Easy-to-Form Wire, which features a soft 

temper that allows it to remain in place when bent, making it 

ideal for use as tie wire or for bundling.  

 

 

Figure 1: Different shapes of steel reinforcement mesh and 

wire. (a) disc-, (b) rectangular-shaped mesh, and (c) Easy-to-

Form Wire 

 

In steel-reinforced 3D printing, the choice of materials is 

critical in determining the final product’s performance. 

Commonly used thermoplastics such as Acrylonitrile 

Butadiene Styrene (ABS), Polylactic Acid (PLA), and nylon 

are favored for their ease of processing, availability, and 

range of mechanical properties [3]. These plastics, however, 

must be carefully selected and optimized for use with steel 

reinforcements to ensure that the composite material 

performs as expected. Steel reinforcements come in various 

forms, including wires, meshes, and fibers, each offering 

different benefits in terms of strength and flexibility [4]. 

Integrating these materials is challenging; achieving a strong 

bond between the steel and the plastic matrix is essential for 

effective load transfer and overall structural integrity. The 

disparity in thermal expansion coefficients between steel and 

plastic can lead to internal stresses and potential 

delamination, posing a significant hurdle in developing 

reliable steel-reinforced plastic composites. 

 

Research efforts have begun to address these challenges by 

exploring innovative material integration and bonding 

approaches. Adumitroaie et al. (2019) [5] introduced a 

continuous fiber bi-matrix composite 3D printing 

technology, which allows for the simultaneous deposition of 

two different matrices, thereby improving printed parts’ 

mechanical properties and functional performance. Although 

this study focused on composites rather than steel-reinforced 

plastics, the methodology offers valuable insights into 

potential solutions for improving the adhesion and 

compatibility of steel and plastic materials. Similarly, efforts 

to enhance the bonding interface, such as surface treatments 

of steel reinforcements or intermediate bonding layers, are 

areas of active investigation that could significantly advance 

the field. 

 

Adapting existing 3D printing techniques to accommodate 

steel reinforcements is another area of ongoing research. 

Fused Deposition Modeling (FDM), one of the most widely 

used 3D printing methods, involves the layer-by-layer 

deposition of a thermoplastic filament to build up a three-

dimensional object [6]. Modifications to the FDM process 

must incorporate steel reinforcement, such as embedding 

steel wires or meshes within the plastic during printing. This 

integration must be carefully managed to avoid disrupting 

the printing process and ensure the steel reinforcement is 

properly aligned and bonded within the plastic matrix. 

Woern et al. (2018) [7] explored the use of recycled 

materials in Fused Particle Fabrication (FPF), a variant of 

FDM, and their findings underscore the importance of 

process innovation in achieving high-performance 3D-

printed components. While focused on recycled polymers, 

their work highlights the potential for incorporating similar 

process modifications to accommodate steel reinforcements. 

 

The mechanical properties of steel-reinforced plastic 

components are a central focus of current research, 

particularly compared to non-reinforced counterparts. Steel 

reinforcement has been shown to significantly enhance 

plastic components’ strength, durability, and load-bearing 
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capacity, making them viable for more demanding structural 

applications. For instance, Katzer and Skoratko (2022) [8] 

demonstrated that 3D-printed formworks for steel fiber-

reinforced concrete-plastic columns substantially increased 

load-bearing capacity and durability. This study exemplifies 

the potential of steel reinforcement to transform the 

mechanical properties of 3D-printed plastics, enabling their 

use in applications where traditional plastics would fail. 

Similarly, Khan et al. (2020) [9] reviewed the broader use of 

3D printing in concrete, emphasizing the critical role of 

reinforcement in achieving uniform material properties and 

expanding the applicability of 3D printing to large-scale 

construction projects. 

 

However, the successful integration of steel reinforcement 

into 3D-printed plastics depends on the materials and 

processes used and the interface quality between the steel 

and the plastic. Pervaiz et al. (2021) [10] discussed the 

challenges associated with fiber alignment, distribution, and 

adhesion in 3D-printed fiber-reinforced plastic composites, 

noting that these issues are equally pertinent to steel-

reinforced plastics. Achieving a strong and uniform bond 

between steel and plastic is essential for maximizing the 

mechanical properties of the composite and ensuring its 

reliability in structural applications. Advanced testing 

methods and standards are being developed to assess these 

materials’ strength, durability, and load-bearing capacity, 

further driving the development of steel-reinforced 3D 

printing. 

 

In conclusion, while integrating steel reinforcement into 3D-

printed plastic components is still an emerging field, it holds 

significant promise for creating high-strength, durable, and 

versatile materials suitable for various structural 

applications. The extensive work done in related areas, such 

as steel-reinforced ceramics and fiber-reinforced composites, 

provides a solid foundation to build. Addressing the 

challenges of material compatibility, process adaptation, and 

mechanical performance will be crucial for advancing this 

technology. As research continues to explore and refine 

these techniques, steel-reinforced 3D printing is poised to 

play an increasingly important role in manufacturing, 

offering new possibilities for designing and producing 

advanced structural components. 

 

Stepwise process of steel-reinforced plastics using 

additive manufacturing 

The manufacturing process of steel-reinforced plastic 

structures [11] involves meticulous steps to ensure that the 

final components achieve the desired mechanical properties 

and functionality.  

 

The process begins with material selection, where the plastic 

and steel reinforcements are chosen based on their 

compatibility and the application’s specific requirements. 

Plastics such as Acrylonitrile Butadiene Styrene (ABS), 

Polylactic Acid (PLA), and nylon are commonly used due to 

their favorable properties and ease of processing. The type 

of steel reinforcement (wires, meshes, or fibers) is selected 

based on the strength and flexibility needed in the final 

component. 

 

Following material selection, the design and modeling phase 

is crucial. Using CAD software, the component is designed 

with careful consideration of how the steel reinforcement 

will be integrated within the plastic matrix. A CAD model of 

simple steel-reinforced ABS plastic has been shown in Fig. 

2(a). Fig 2(b) shows a cross-sectional view of the component 

showcasing the positioning of steel reinforcement within the 

ABS. The positioning of the component on the base support 

of the machine is shown in Fig. 2(c). Fig. 2(d) shows the 

thin support wires to support the reinforcement, which were 

hung by a non-moving frame over the machine’s crosshead.   

 
Figure 2: CAD models of steel-reinforced rectangular blocks 

(a) (b)
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This design is often validated through simulations using 

Finite Element Analysis (FEA) to optimize reinforcement 

placement and predict mechanical performance. Once the 

design is finalized, surface treatments for the steel 

reinforcement may be necessary to improve adhesion with 

the plastic. Techniques such as mechanical roughening, 

chemical etching, or applying a bonding agent are employed 

to enhance the bonding interface. 

 

In the development of steel-reinforced plastic structures 

using additive manufacturing, reinforcement supports are 

essential for ensuring the structural integrity and 

performance of the final product. The most common types of 

reinforcement include steel wires, meshes, and fibers, each 

chosen based on the specific mechanical properties required. 

Steel wires offer linear reinforcement, enhancing tensile 

strength and stiffness, making them ideal for components 

subjected to significant tensile loads. Meshes provide 

multidirectional reinforcement, improving overall strength 

and resistance to deformation, particularly in complex 

geometries that experience stresses from multiple directions. 

Steel fibers, dispersed throughout the plastic matrix, provide 

uniform reinforcement, enhancing impact resistance and 

durability. The selection of the appropriate reinforcement 

type depends on the desired mechanical properties, design 

complexity, and load conditions the component will face.  

 

The integration of steel reinforcements into 3D-printed parts 

can be achieved through various methods. Co-printing 

involves printing the plastic material around the steel 

reinforcement, ensuring a strong bond between the two.  

 

The reinforcement supports are strategically placed during 

the additive manufacturing process to maximize their 

effectiveness. They are positioned using the CAD model to 

ensure the steel reinforcements are precisely aligned with the 

intended design, preventing any movement that could 

compromise the final structure. For example, steel meshes 

might be embedded at critical stress points within the 

structure to transfer loads to the steel reinforcement 

effectively. The supports are removed once the plastic has 

been deposited, and the steel reinforcements are securely 

embedded. Depending on the type of support used, this 

could involve manually detaching them, breaking them 

away, or dissolving them using a solvent that selectively 

removes the supports without affecting the plastic or steel. 

This careful placement and removal process ensures that the 

reinforced structure retains its intended shape, strength, and 

functionality, free from any residual support material that 

could compromise its performance. Such reinforced 

structures find applications in various industries, including 

automotive, aerospace, construction, and medical devices, 

where the combination of lightweight plastic and strong steel 

reinforcement meets the demanding requirements of modern 

engineering challenges. 

 

The 3D printing process is then initiated, typically using 

Fused Deposition Modeling (FDM), where the plastic 

material is deposited layer by layer. During printing, the 

steel reinforcement is strategically embedded into the 

plastic, with precise control over the alignment and 

integration. Monitoring during this stage ensures that the 

steel reinforcement is correctly positioned and bonded. After 

printing, the component can cool and solidify, with post-

processing steps such as sanding, machining, or coating 

applied to achieve the final surface finish and dimensional 

accuracy. Quality inspection follows, checking for 

dimensional accuracy, bonding quality, and structural 

integrity, often using non-destructive testing methods like 

ultrasonic inspection. 

 

Mechanical testing is conducted to assess the reinforced 

component’s strength, durability, and load-bearing capacity. 

This includes tensile, compressive, and flexural tests to 

ensure the component meets the required performance 

standards. Fatigue testing evaluates the long-term 

performance of components subjected to dynamic or cyclic 

loads. Finally, suppose the steel-reinforced plastic structure 

is part of a larger assembly. In that case, it is integrated with 

other components, followed by functional testing in its 

intended environment to verify that it fulfills all operational 

requirements. 

 

3. Challenges and Limitations 
 

Manufacturing steel-reinforced plastic structures has 

challenges, particularly in materials, printing technology, 

and design complexity. One of the primary difficulties lies in 

the material compatibility between steel and plastic [12]. 

The difference in thermal expansion coefficients between 

steel and plastics can lead to internal stresses during 

manufacturing, warping, or even delamination. Ensuring 

these differences and the intrinsic properties of the chosen 

plastic complicate a strong bond between the steel and 

plastic components. Even when using reinforced plastics, 

like fiber-reinforced polymers (FRPs), the disparity in 

mechanical properties between steel and plastic can lead to 

uneven load distribution and potential failure points, 

necessitating complex and precise design strategies. 

 

The precision required to integrate steel within plastic 

structures poses a substantial challenge in manufacturing 

technology. Multi-material 3D printers often struggle with 

the exact deposition needed to maintain alignment and 

bonding between steel and plastic, leading to misalignment 

and material wastage [13]. The significant difference in 

melting points between steel and plastic further complicates 

the process, requiring advanced temperature control and 

coordination. Additionally, the layer-by-layer construction 

inherent in additive manufacturing can result in poor 

interlayer adhesion, with delamination being a common 

issue. This problem is worsened by the different thermal 

expansion and cooling rates of steel and plastic, which can 

lead to cracks and voids, compromising the structural 

integrity of the final product. Surface finish quality is 

another challenge, as the roughness and porosity typical of 

3D-printed structures often necessitate post-processing, 

which adds both time and cost. 

 

The complexity of design for steel-reinforced plastic 

structures further complicates the manufacturing process. 

Balancing the intricate geometries that plastic can achieve 

with the structural integrity provided by steel is a delicate 

task. The anisotropic nature of reinforced plastics, where 
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properties vary depending on direction, makes it difficult to 

design structures that maintain flexibility and strength across 

different load paths [14]. Accurate computational modeling 

and simulation of these structures are also challenging due to 

the non-linear behavior of the materials and the need to 

account for potential issues like warping and delamination. 

These simulations require sophisticated tools and substantial 

computational resources, making the design process time-

consuming and resource-intensive. 

 

In addition to these challenges, potential issues such as 

warping, delamination, and maintaining precision further 

complicate the manufacturing of steel-reinforced plastic 

structures. Warping is particularly problematic during the 

cooling phase, where the differential thermal contraction 

between steel and plastic can induce residual stresses, 

leading to distortions in the final product. Delamination, 

often caused by poor adhesion between layers or between 

steel and plastic, is another critical issue that can weaken the 

structure and lead to premature failure. Precision and 

tolerance issues also arise due to variations in material 

deposition, thermal expansion, and shrinkage during 

cooling, making it difficult to maintain tight tolerances and 

dimensional accuracy in the final components. 

 

4. Future Research 
 

Advancing the manufacturing of complex steel-reinforced 

plastic structures requires targeted research, particularly in 

materials development and 3D printing technology. One 

focus is creating materials that improve compatibility 

between steel and plastic, addressing bonding issues, 

delamination, and warping. This could involve developing 

new composites or hybrid materials that better balance 

steel’s strength with plastic’s flexibility and improve thermal 

expansion compatibility to reduce internal stresses during 

manufacturing. 

 

Equally important is research in refining multi-material 3D 

printing techniques. Enhancing precision in material 

deposition and temperature control will enable more 

accurate fabrication of complex designs. Additionally, 

developing advanced computational modeling tools to 

predict the behavior of these structures and integrating real-

time monitoring systems during printing could help prevent 

defects like misalignment and layer separation. Post-

processing techniques such as improved machining and 

innovative methods like laser annealing are critical to 

enhancing the final products’ surface finish and structural 

integrity. 

 

5. Conclusions 
 

Integrating steel reinforcement into 3D-printed plastic 

structures presents a promising yet challenging frontier in 

additive manufacturing. This review has highlighted steel-

reinforced plastics’ significant potential in creating high-

strength, lightweight, and versatile materials suitable for 

various structural applications. The primary challenges in 

developing steel-reinforced plastics include material 

compatibility, process adaptation, and the precision required 

in design and manufacturing. Addressing these challenges 

through targeted research in materials development, 3D 

printing technology, and computational modeling will be 

crucial for unlocking the full potential of steel-reinforced 

plastics. As research continues to evolve, the successful 

integration of steel reinforcements into plastic matrices is 

expected to play a significant role in manufacturing, opening 

new possibilities for designing and producing advanced 

structural components. 
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