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   Additive manufacturing (AM) is a valuable addition to engineering design by enabling complex 
geometries, reduced waste, and rapid prototyping. Despite these advantages, the structural integrity 
of 3D-printed components can be limited by several factors, such as anisotropy, porosity, and layer 
adhesion [1]. Adhesive bonding has gained relevance as an effective method to join 3D-printed com-
ponents, offering benefits such as stress distribution, energy absorption, and compatibility with com-
plex geometries. Adhesive bonding, unlike mechanical fastening or welding, distributes stresses more 
uniformly and eliminates the need to drill holes, which are required for bolted joints. In 3D-printed 
components, adhesives offer a versatile solution to join dissimilar materials or repair parts with-
out inducing heat-affected zones, oppositely to welded joints. However, the effectiveness of adhe-
sive bonding relies on parameters such as surface energy, adhesive type, and the quality of surface 
preparation [2]. Adhesive bonding of 3D-printed components entail difficulties such as high surface 
roughness, internal defects, and anisotropic properties due to layer-by-layer deposition. These fac-
tors complicate adhesion and require an additional design effort in the adhesive selection, surface 
treatment, and joint design.

    Experimental research in adhesive bonding of 3D-printed components focuses on understanding 
the effects of material properties, surface treatments, and adhesive performance. Recent studies have 
provided relevant design guidelines to optimize bonding techniques for additive manufacturing [3]. 
Surface preparation is critical for efficient adhesion by improving wettability and removing contam-
inants. Techniques such as mechanical abrasion, chemical etching, and plasma treatment have been 
extensively explored. Selecting the most convenient adhesive is also crucial for the bonding process 
of 3D-printed materials. Epoxies, cyanoacrylates, and polyurethanes have been experimentally eval-
uated. Epoxies are particularly effective due to their high strength and thermal resistance. However, 
tailoring adhesives to the anisotropic nature of 3D-printed materials remains an active area of re-
search [4]. Adhesive joints in 3D-printed components are evaluated through mechanical tests such as 
lap shear and peel tests. Recent studies have also explored the use of Digital Image Correlation (DIC) 
to map strain distributions in bonded joints, providing information into failure mechanisms [5].

     Finite element analysis (FEA) has become an indispensable tool to understand and optimize ad-
hesive bonding in 3D-printed structures. Numerical models allow for detailed analysis of stress dis-
tributions, failure modes, and the impact of geometric complexities. 3D-printed components exhibit 
anisotropic properties due to their layered structure. Numerical models must account for directional 
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variations in stiffness and strength. For instance, cohesive zone models (CZMs) have been employed to simulate interfacial failure in 
adhesive joints, considering anisotropic material behavior [6]. Recent advancements in multiscale modeling have enabled the integra-
tion of microscale features (e.g., porosity, surface roughness) into macroscale simulations. This approach provides a more accurate 
representation of real-world bonding scenarios [7]. FEA models are validated using experimental data, such as load-displacement 
curves and strain maps from DIC. The integration of experimental and numerical approaches has led to improved joint designs with 
optimized geometry and adhesive selection [8].

   The combined use of additive manufacturing and adhesive bonding has provided innovations in materials, processes, and sim-
ulation techniques. Smart adhesives with properties such as self-healing, thermal conductivity, and electrical insulation are being 
proposed. For instance, adhesives with embedded nanoparticles have demonstrated enhanced mechanical and thermal performance, 
making them suitable for aerospace and electronics applications [9]. Hybrid bonding, combining adhesives with mechanical fasteners 
or welding, has been explored to address the limitations of traditional adhesive joints. For example, ultrasonic welding combined with 
adhesive bonding has shown promise in improving joint strength for 3D-printed thermoplastics [10]. Sustainability considerations 
are shifting research into bio-based adhesives and recyclable joint designs. Adhesive bonding of biodegradable 3D-printed materials, 
such as polylactic acid (PLA), aligns with the goals of a circular economy [11].

    To conclude, adhesive bonding is a technology to join 3D-printed components, addressing the limitations of traditional joining 
methods. Experimental advancements and numerical simulations have provided design guidelines into optimizing adhesive joints 
for additive manufacturing. As the field progresses, innovative adhesives, hybrid bonding techniques, and sustainable practices will 
provide new opportunities for adhesive bonding in 3D printing.
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