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ABSTRACT  

Additive manufacturing has emerged as a transformative technology in civil 

engineering by enabling innovative construction methods, improving material 

efficiency, and supporting sustainable infrastructure development. This systematic 

literature review aims to synthesize recent research on the application of additive 

manufacturing in civil engineering based on published over the last five years. The 

review examines technological advancements, construction materials, engineering 

applications, key benefits, existing limitations, and future research directions. The 

findings indicate that three-dimensional (3D) concrete printing has become the most 

widely investigated application, demonstrating significant potential to reduce material 

waste, construction time, and labor requirements while enhancing design flexibility 

and construction accuracy. Nevertheless, challenges remain regarding material 

performance, structural reliability, standardization, economic feasibility, and 

regulatory compliance. The review also highlights increasing integration with digital 

technologies to improve construction automation and project management. Overall, 

additive manufacturing offers promising opportunities for advancing sustainable, 

efficient, and resilient civil engineering practices, although further research and 

industrial implementation are required to facilitate its widespread adoption. 

Keywords: Additive Manufacturing, Civil Engineering, Construction Automation, 

Sustainable Construction, Three-Dimensional Concrete Printing. 

https://creativecommons.org/licenses/by-sa/4.0/


  
Auliya Wanikmah 

20 

1. | INTRODUCTION   

Additive manufacturing (AM) has emerged as one of the most influential 

technologies driving digital transformation in the construction industry. Commonly 

referred to as three-dimensional (3D) printing, additive manufacturing enables the 

layer-by-layer fabrication of structural components directly from digital models, 

offering a significant departure from conventional construction methods. Unlike 

traditional subtractive or formwork-based techniques, AM minimizes material waste, 

enhances geometric flexibility, and supports automated construction processes. These 

capabilities have attracted increasing attention from researchers and industry 

practitioners seeking innovative solutions to improve construction productivity, 

sustainability, and infrastructure quality (Fei et al., 2021). 

The construction industry has long been challenged by low productivity growth, high 

labor dependency, increasing material consumption, and considerable environmental 

impacts. Conventional construction activities generate substantial amounts of 

construction and demolition waste while consuming large quantities of natural 

resources and energy. Consequently, governments, researchers, and engineering 

organizations have actively explored advanced manufacturing technologies capable of 

supporting sustainable construction practices. Among these technologies, additive 

manufacturing has demonstrated considerable potential to reduce material usage, 

shorten project durations, improve construction precision, and lower carbon emissions 

through optimized structural designs and automated fabrication processes (Breseghello 

et al., 2022). 

Recent advances in additive manufacturing have been largely driven by 

improvements in digital design tools, robotics, material engineering, and computational 

modeling. Building Information Modeling (BIM), computer-aided design (CAD), and 

parametric modeling have enabled engineers to create highly complex structures that 

would be difficult or impossible to construct using traditional methods. 

Simultaneously, developments in printable cementitious materials, geopolymer 

concrete, fiber-reinforced composites, and recycled construction materials have 

expanded the practical applications of AM in civil engineering projects. These 

technological developments have accelerated research into structural optimization, 

prefabrication, and automated on-site construction (Afzal et al., 2023). Among various 

applications, three-dimensional concrete printing has become the most extensively 

investigated area within civil engineering. Researchers have explored its 

implementation in residential buildings, bridges, modular housing, infrastructure 

components, and emergency shelters. Studies consistently report that additive 

manufacturing offers enhanced design freedom, reduced labor requirements, faster 

project delivery, and improved occupational safety by minimizing hazardous manual 

construction activities. Furthermore, automated printing systems enable precise 

material placement, contributing to higher construction quality and reduced resource 

consumption compared with conventional construction techniques (Dormohamadi et 
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al., 2024). Despite these promising developments, several technical and practical 

challenges continue to limit the large-scale adoption of additive manufacturing in civil 

engineering. Issues related to printable material properties, interlayer bonding, 

structural durability, dimensional accuracy, quality assurance, and long-term 

performance remain active research topics. In addition, the absence of comprehensive 

design standards, building regulations, and standardized testing methods presents 

significant barriers to industrial implementation. Economic considerations, including 

equipment costs, maintenance requirements, and workforce training, also influence the 

feasibility of adopting AM technologies in commercial construction projects 

(Halmedari et al., 2021). 

The increasing integration of additive manufacturing with digital technologies such 

as artificial intelligence, machine learning, robotics, and digital twins has further 

expanded its research potential. Intelligent monitoring systems can optimize printing 

parameters, detect construction defects, and improve process control, while digital 

twins facilitate real-time simulation and predictive maintenance throughout the 

construction lifecycle. These interdisciplinary developments are expected to accelerate 

the transition toward smart construction and Industry 4.0 within the civil engineering 

sector (Turner et al., 2020). 

Given the rapid growth of research in this field, a comprehensive synthesis of recent 

studies is essential to identify current trends, technological advancements, research 

gaps, and future opportunities. Therefore, this systematic literature review aims to 

evaluate research published over the last five years concerning additive manufacturing 

in civil engineering. Specifically, this review examines major technological 

developments, engineering applications, construction materials, implementation 

challenges, and future research directions. The findings are expected to provide 

valuable insights for researchers, engineers, industry practitioners, and policymakers 

seeking to promote the wider adoption of additive manufacturing for sustainable and 

efficient civil engineering practices. 

                                                                                      

2. | RESEARCH METHOD 

This study employed the Systematic Literature Review (SLR) approach to identify, 

evaluate, and synthesize existing research concerning the application of additive 

manufacturing in civil engineering. The SLR method was selected because it provides 

a systematic, transparent, and reproducible process for reviewing published studies 

while minimizing potential bias during literature selection and analysis. Through this 

approach, the review aims to present a comprehensive understanding of current 

developments, major applications, technological advancements, implementation 

challenges, and future research opportunities related to additive manufacturing within 

the civil engineering sector (Al Rashid et al., 2020). 
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The literature search focused on peer-reviewed journal articles published over the 

last five years to ensure that the review reflected recent technological progress and 

contemporary research trends. Relevant publications were retrieved from several 

widely recognized academic databases, including Scopus, Web of Science, 

ScienceDirect, SpringerLink, IEEE Xplore, and Google Scholar. A combination of 

search keywords was applied, including additive manufacturing, 3D concrete printing, 

civil engineering, construction automation, digital construction, construction materials, 

and sustainable construction. These keywords were combined using Boolean operators 

to improve search accuracy and ensure comprehensive coverage of relevant 

publications (Harari et al., 2020). 

Following the initial search process, duplicate records were removed before 

conducting a multi-stage screening procedure. The screening involved evaluating 

article titles, abstracts, and full-text documents based on predefined inclusion and 

exclusion criteria. Studies were included if they discussed additive manufacturing 

technologies, printable construction materials, structural applications, construction 

automation, sustainability, digital construction, or related engineering topics within the 

field of civil engineering. Publications unrelated to civil engineering, review summaries 

without sufficient technical discussion, non-English articles, and studies published 

outside the 2019–2023 period were excluded from the analysis (Loncar et al., 2023). 

The selected articles were then analyzed qualitatively to identify recurring research 

themes, technological developments, engineering applications, reported advantages, 

implementation barriers, and emerging research directions. The collected information 

was synthesized by comparing findings across different studies to determine 

similarities, differences, and overall research trends (Ditto et al., 2019). Finally, the 

synthesized evidence was organized systematically to provide a comprehensive 

overview of the current state of additive manufacturing in civil engineering and to 

identify potential opportunities for future technological development and practical 

implementation in sustainable infrastructure projects. 

3. | RESULTS AND DISCUSSION 

The systematic review demonstrates that additive manufacturing has experienced 

rapid development in civil engineering over the past several years. Increasing research 

interest has been driven by the need to improve construction efficiency, reduce 

environmental impacts, address labor shortages, and accelerate project delivery. Unlike 

conventional construction methods that rely heavily on formwork, manual labor, and 

sequential processes, additive manufacturing enables automated layer-by-layer 

fabrication directly from digital models. This capability has transformed the way 

structural components are designed and produced by integrating digital technologies 

with advanced material processing (Lin et al., 2019). As a result, additive 

manufacturing has become one of the most promising innovations supporting the 

transition toward digital construction and sustainable infrastructure development. 
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One of the most significant findings identified in the reviewed literature is the 

dominance of three-dimensional concrete printing as the primary application of 

additive manufacturing in civil engineering. Most studies focus on printing structural 

and non-structural concrete components, including walls, columns, bridge elements, 

housing modules, and architectural features. The popularity of concrete printing is 

primarily attributed to the widespread use of concrete as the most common construction 

material worldwide. Researchers have continuously improved printing equipment, 

extrusion systems, nozzle configurations, and concrete mixtures to achieve higher 

dimensional accuracy, improved printability, and enhanced structural performance. 

These technological developments have demonstrated that additive manufacturing is 

increasingly capable of producing construction elements with acceptable mechanical 

properties while significantly reducing production time (Le et al., 2022). 

The reviewed studies also indicate that material development remains a critical 

factor influencing the successful implementation of additive manufacturing. Printable 

concrete requires carefully controlled rheological properties to ensure smooth 

extrusion, adequate buildability, and sufficient bonding between successive layers. 

Researchers have investigated numerous material formulations by incorporating 

supplementary cementitious materials, recycled aggregates, fibers, nanoparticles, and 

environmentally friendly binders to improve workability and mechanical strength. 

Sustainable materials such as fly ash, slag, silica fume, and geopolymer binders have 

gained increasing attention because they reduce cement consumption and lower carbon 

emissions without compromising structural performance. The use of recycled 

construction waste has also demonstrated considerable potential for supporting circular 

economy principles within the construction sector (Ghaffar et al., 2020). 

Another important observation concerns the growing role of automation throughout 

construction processes. Additive manufacturing reduces dependence on manual labor 

by allowing robotic systems and automated printing equipment to perform repetitive 

construction tasks with high precision. Automated fabrication improves consistency, 

minimizes human error, and enhances construction safety by reducing worker exposure 

to hazardous environments. The ability to operate continuously also contributes to 

shorter project schedules compared with conventional construction techniques. This 

advantage becomes particularly valuable in regions experiencing labor shortages or 

requiring rapid infrastructure development following natural disasters or population 

growth (Khan et al., 2023). 

Design flexibility represents another major advantage identified across the reviewed 

studies. Conventional construction methods often impose geometric limitations 

because complex forms require expensive molds or customized formwork. In contrast, 

additive manufacturing enables engineers and architects to fabricate highly 

sophisticated geometries directly from digital models without additional manufacturing 

complexity. Curved walls, lattice structures, optimized load-bearing components, and 

customized architectural features can be produced efficiently while maintaining high 
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dimensional accuracy. This design freedom encourages innovation in structural 

engineering and enables optimized material distribution according to actual loading 

conditions, thereby improving both structural efficiency and resource utilization. 

The review further reveals that additive manufacturing contributes significantly to 

construction sustainability. Traditional construction activities typically generate large 

quantities of material waste due to cutting, trimming, and formwork disposal. Since 

additive manufacturing deposits material only where required, waste generation is 

substantially reduced. Lower material consumption directly decreases production costs 

while minimizing environmental impacts associated with raw material extraction, 

transportation, and disposal. Additionally, several studies indicate that optimized 

structural designs made possible through digital fabrication require less construction 

material without sacrificing structural integrity. This efficient use of resources supports 

global efforts to reduce greenhouse gas emissions and promote sustainable 

infrastructure development (Stem et al., 2021). 

Construction speed is another frequently reported benefit. Automated printing 

systems eliminate several time-consuming construction activities, including formwork 

installation, reinforcement placement for certain applications, and repetitive manual 

operations. Continuous printing allows structures to be completed more rapidly than 

conventional construction methods, particularly for repetitive building components and 

modular housing systems. Faster construction not only reduces project duration but also 

lowers labor costs and minimizes disruptions to surrounding communities. Rapid 

fabrication has become particularly attractive for emergency housing, disaster recovery 

projects, and remote construction where conventional logistics are difficult to 

implement (Sepasgozar et al., 2023). 

The integration of digital technologies has further strengthened the capabilities of 

additive manufacturing within civil engineering. Digital design platforms enable 

seamless communication between design models and printing equipment, reducing 

translation errors during construction. Building Information Modeling facilitates 

accurate planning, quantity estimation, and project coordination throughout the 

construction lifecycle. Artificial intelligence and machine learning algorithms are 

increasingly used to optimize printing parameters, monitor equipment performance, 

predict printing defects, and improve quality control. Meanwhile, digital twin 

technology enables continuous monitoring of printed structures by integrating real-time 

operational data with virtual structural models. These technologies collectively support 

data-driven decision-making and improve construction efficiency. 

Quality control remains one of the most important technical challenges identified in 

the reviewed literature. Unlike conventional precast manufacturing, additive 

manufacturing requires consistent material flow, stable extrusion rates, and accurate 

layer positioning throughout the printing process. Small deviations may accumulate 

and affect dimensional accuracy or structural integrity. Environmental factors such as 

temperature, humidity, and wind conditions can also influence printing quality, 
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particularly for outdoor construction projects. Consequently, researchers continue 

developing advanced monitoring systems capable of detecting defects during printing 

and automatically adjusting process parameters to maintain consistent product quality. 

Mechanical performance and long-term durability remain major research priorities. 

Although many experimental studies have demonstrated satisfactory compressive 

strength, tensile behavior, and flexural performance, variations in interlayer bonding 

continue to present engineering challenges. Weak interfaces between printed layers 

may reduce structural capacity under certain loading conditions. Researchers have 

therefore investigated improved bonding mechanisms, optimized printing intervals, 

fiber reinforcement, and post-processing techniques to enhance structural performance. 

Long-term durability under environmental exposure, freeze-thaw cycles, chemical 

attack, and seismic loading also requires further investigation before additive 

manufacturing can be fully adopted for critical infrastructure applications (Budzik et 

al., 2022). 

Economic feasibility represents another important consideration influencing 

industrial implementation. While additive manufacturing can reduce labor 

requirements and material waste, the initial investment associated with specialized 

printing equipment, robotic systems, software integration, and operator training 

remains relatively high. Small construction companies may encounter financial barriers 

when adopting these technologies. However, the reviewed studies suggest that long-

term economic benefits become increasingly evident as equipment utilization increases 

and production scales expand. Continuous technological improvements and greater 

market competition are expected to reduce equipment costs and improve affordability 

in the coming years. 

Regulatory and standardization issues continue to slow widespread industrial 

adoption. Existing building codes and structural design standards were primarily 

developed for conventional construction methods and often do not adequately address 

the unique characteristics of additive manufacturing. The absence of standardized 

testing procedures, quality assurance protocols, and design guidelines creates 

uncertainty among engineers, contractors, and regulatory authorities. Consequently, 

collaboration among researchers, industry stakeholders, and government agencies is 

essential to establish comprehensive standards that ensure structural safety, 

construction quality, and public confidence (Omrany et al., 2023). 

The review also highlights the growing application of additive manufacturing in 

modular construction and prefabrication. Factory-based printing enables controlled 

production environments where temperature, humidity, and quality can be carefully 

managed. Prefabricated printed modules can then be transported to construction sites 

for rapid assembly, reducing on-site activities and minimizing weather-related delays. 

This approach improves productivity while supporting industrialized construction 

methods that emphasize efficiency, quality, and sustainability. 
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Future research is expected to focus on improving printable materials, increasing 

printing speed, expanding printable structural sizes, and integrating intelligent 

monitoring systems into construction workflows. Greater attention is also likely to be 

directed toward environmentally friendly materials with lower carbon footprints, 

including geopolymer concrete, recycled aggregates, and bio-based composites. 

Advances in robotics, sensor technologies, artificial intelligence, and autonomous 

construction equipment will further enhance process automation and structural quality. 

In addition, interdisciplinary collaboration between civil engineers, material scientists, 

computer engineers, and manufacturing specialists will play an essential role in 

overcoming current technical limitations (Szalavetz, 2019). 

Overall, the findings of this systematic literature review indicate that additive 

manufacturing has evolved from an emerging experimental technology into a practical 

engineering solution with substantial potential for transforming the construction 

industry. The technology offers considerable advantages in terms of construction 

efficiency, design flexibility, sustainability, automation, and resource optimization. 

Nevertheless, several technical, economic, and regulatory challenges remain before 

large-scale implementation can be fully realized. Continued innovation in materials, 

equipment, digital technologies, and engineering standards will be essential for 

accelerating industrial adoption and maximizing the contribution of additive 

manufacturing to the development of resilient, efficient, and sustainable civil 

engineering infrastructure. 

4. | CONCLUSION 

This systematic literature review demonstrates that additive manufacturing has 

become one of the most promising technological innovations in civil engineering, 

offering significant opportunities to transform conventional construction practices into 

more efficient, sustainable, and digitally integrated processes. The development of 

three-dimensional concrete printing, advanced printable materials, robotic construction 

systems, and digital design technologies has substantially improved construction 

productivity while reducing material waste, labor requirements, and project duration. 

These advancements also provide greater design flexibility, enabling engineers and 

architects to produce complex structural geometries that are difficult to achieve using 

traditional construction methods. 

The review further indicates that additive manufacturing contributes to sustainable 

infrastructure development through optimized material utilization, reduced 

environmental impacts, and support for construction automation. The integration of 

emerging digital technologies, including Building Information Modeling, artificial 

intelligence, machine learning, and digital twins, further enhances process efficiency, 

quality control, and project management throughout the construction lifecycle. 

Despite these advantages, several challenges continue to limit the widespread 

implementation of additive manufacturing in civil engineering. Technical issues related 

to material performance, interlayer bonding, structural durability, quality assurance, 
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and large-scale printing remain active areas of research. In addition, high initial 

investment costs, limited industrial experience, and the lack of comprehensive design 

standards and construction regulations continue to hinder broader industrial adoption. 

Overall, additive manufacturing has demonstrated considerable potential to reshape 

the future of civil engineering by supporting innovative, efficient, and environmentally 

responsible construction practices. Continued research, technological development, 

industrial collaboration, and regulatory standardization will be essential to accelerate 

its practical implementation and maximize its contribution to sustainable infrastructure 

development. 
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