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Abstract: 
The growing evolution of new technologies is a reality that has impacted the civil construction sector, especially in actions related to automation and process digitization. The 3D Concrete Printing (3DCP) can be considered a recent technology with higher potential of increasing over the years and is projected to reach USD 4.88 billion by 2030. However, comprehensive understanding and collaborative studies remain limited, reducing the opportunities to disseminate this solution widely. This study maps research on 3DCP in Brazil and France by analyzing 63 articles (2018-2025) extracted from Scopus using keywords such as “3D concrete” and “printed concrete.” The publications were coded according to printer type, extrusion method, material composition, application scale, impact factor, citations, and main theme. Graphical visualizations (Power BI) reveal that France, which was one of the first countries to adopt this technology, publishes fundamental work in high-impact journals, achieving a strong correlation between citations and impact and demonstrating mature expertise in rheology control, automated reinforcement, and structural optimization. In contrast, Brazilian research, which has emerged since 2021, appears in applied engineering journals, prioritizing sustainable and inexpensive materials and process evaluation to meet local construction needs. This study provides an overview of research on 3DCP in Brazil and France. Keyword highlights that France use more terms as “manufacturing,” “rheology,” and “strength,” while Brazil uses “sustainability,” “materials,” and “evaluation.” These comparations shows that France's is oriented to in-depth technical innovation, on other hand, Brazil has more pragmatic and eco-efficient approach. A study collaboration perspective can guide the global adoption and development of 3D printing in the construction environment.
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1.Introduction
In 1997, the author Josef Pegna made an impact on the construction industry by mentioning a shift in the construction paradigm — from “material handling and assemblies” to “reduced to a large number of identical simple operations”. This quickly brought a new perspective on the future of masonry and how it could be replaced by rapid, automated prototyping, referred to as 3D printing. [1]
The 3D printing represents a convergence between robotic innovation and advanced manufacturing techniques. [2] highlight that this technology has represented a significant advancement in the last decade, with the potential to revolutionize the industry by reducing housing deficits, increasing sustainability through the reduction of greenhouse gas emissions, and, most importantly, addressing the shortage of labor on construction sites.
Despite widespread automation in various industrial processes, the adoption of cement-based additive manufacturing, or 3D concrete printing, has been gradual and remains mainly at the research stage, although it has been studied for over the last 10 years by more than 30 groups worldwide. Moreover, authors report that it can be used to eliminate the need for conventional molds and ensures greater precision and controlled in application and solidification, maintaining a specific volume of material sequenced in overlapping layers. [3]

This delay in the adoption of 3D printing in civil engineering highlights the need for a thorough understanding of its technological and scientific aspects in different regions of the world. The scientific research landscape varies considerably from one region to another, influenced by local resources and industrial and academic priorities. These regional variations have a fundamental impact on the direction and priorities of research efforts. An exchange between French and Brazilian researchers has highlighted distinct approaches and priorities in our respective research environments. This comparative study aims to identify and analyze the key parameters and challenges of 3D printing research in the civil engineering sectors in Brazil and France.

Therefore, this study aims to provide an overview of research on 3D printing in Brazil and France, highlighting similarities and differences in terms of research priorities, technological advances, scientific contributions, and approaches to sustainability. By examining the academic and industrial environments in both countries, we look to provide details on how regional factors influence the development and application of 3D printing technologies in the field of civil engineering.

2. Methodology
To conduct this comparative study, articles were identified through searches in Scopus and Google Scholar and then selected based on their geographical relevance, focusing specifically on research conducted in Brazil and France. This selection process also took into account the affiliation of research groups in these two countries with international research projects.

An interactive process was used with the help of academic research platforms such as Scopus. In order to refine the search results and ensure a higher level of pertinence, various combinations of keywords were used. These keywords included “3D concrete,” “concrete printing,” “3D mortar printing,” and “printed concrete.”

This methodology enabled a focused approach to collect the most relevant publications related to 3D printing in civil engineering in the specified geographical contexts.
Finally after collecting the data, it was organized the selected publications into comparative tables, identifying key parameters such as printer type, printing method, material composition, scale, scientific contribution, etc. This data was then analyzed (by power bi) using graphs and classification matrices to enable structured comparison and highlight thematic tendencies and regional specificities etc.
3. Result and discussion
3.1. Evolution of the Scientific Output
The Figure 1 below shows the annual distribution of scientific publications related to 3D printing in the civil engineering sector in France and Brazil. This data provides an initial assessment of the evolution, growth tendencies, and scientific development of the research field in each country. By analyzing the number of articles published per year, the table highlights differences in the timing and intensity of research efforts between the two regions.
Figure 1. Annual distribution of scientific publications on 3D printing in civil engineering in France and Brazil (2018–2025).
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The data indicates that France initiated its research activities earlier, with publications appearing from 2018 and increasing regularly over time. A notable acceleration occurs in 2023 and 2025, suggesting increased investment and coordination between research centers, as well as potentially stronger industrial partnerships.

In contrast, Brazil entered this field in 2021, with a constant but more moderate number of publications. This reflects a growing interest, driven by practical concerns such as affordable building and sustainable construction using local materials.

France has a historical and structural advantage, supported by mature research institutions already active in the fields of materials science and automation. Brazil, although newer to the field, shows a clear growth trajectory focused on practical applications. 
3.2. Geographical Distribution of Research Centers
Figure 2 shows the geographic distribution of research articles published in both countries, identifying the main academic centers contributing to the development of 3D printing in civil engineering.
Figure 2. Geographic location of research production in Brazil(left) and France(right).
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In Brazil, research activities are largely concentrated in traditional university centers such as São Paulo, Rio de Janeiro, etc. These cities are home to well-established national universities and research institutes. However, the emergence of research centers in northern regions, such as Fortaleza and Natal, suggests a rapidly expanding academic network, particularly in areas where environmental and social development needs are significant.
In France, the landscape is more decentralized. Research is also produced in smaller cities such as Clermont-Ferrand, Orléans, Lorient, etc. This decentralized structure reflects a network of specialized laboratories, each contributing to specific aspects of 3D printing, from rheology to structural performance, while maintaining national and international collaborations.
3.3. Thematic Orientation of research
The Figure 3 highlights how the subject affiliation in 3D printing research articles are distributed in Brazil and France.

Figure 3.  Distribution of subject affiliation in 3D printing research articles in Brazil and France.
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In Brazil, the dominant theme is clearly sustainability, representing 42.86% of the articles. This confirms a strong national focus on environmentally conscious and resource-efficient solutions, particularly through the use of local and recycled materials. Other significant topics include rheology control (21.43%) and mechanical resistance (14.29%), showing that part of the research also aims to ensure adequate material behavior during and after the printing process. The remaining topics are more marginal but point to emerging areas of interest.
In contrast, French publications show a more diversified distribution. The most frequent themes are resistance (31.25%), sustainability (21.88%), and quality (15.63%). This suggests that researchers in France emphasize performance metrics and standardization to ensure long-term structural reliability. The other topics indicate interest in refining both digital and physical aspects of the printing process, particularly for industrial-scale applications.
These differences reveal two complementary strategies: Brazil focuses on ecological feasibility and practical applications using local resources, while also exploring printability. France emphasizes material performance, quality control, and process optimization, which aligns with its earlier and more established position in this field. Together, both countries contribute valuable insights to the practical and technical advancement of 3D printing in civil engineering.

3.4. Correlation Between Impact Factor, Citations and article 
Figure 4 presents a treemap illustrating the correlation between France and Brazil in terms of article/journal citation and impact factor.
Figure 4.  Scientific Mapping: Analyzing Citation and Impact Factor Across Brazil and France 
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It should be noted that these highly cited articles represent some of France's earliest contributions to 3D concrete printing, positioning France as a pioneer in this field and giving it sufficient time to accumulate citations. This early entry and sustained research maturity have enabled French publications to gain significant international recognition and influence within the global scientific community. In contrast, Brazil shows publications spread across journals with moderate impact generating a more modest number of citations. This trend reflects Brazil's relatively recent entry into 3D printing research, where the focus remains primarily on practical applications addressing local construction challenges and regional material specificities rather than fundamental theoretical contributions.
The time factor is crucial: the maturity of French research, as evidenced by pioneering publications that have had years to accumulate citations, contrasts with the emerging landscape in Brazil, where more recent publications have not yet had sufficient time to achieve a comparable impact in terms of citations. These divergent patterns ultimately reflect different research cycles rather than actual differences in quality. 
4. Conclusion
A comparative analysis of research on 3D-printed concrete reveals how national contexts determine distinct but complementary scientific trajectories.

France's leadership is based on fundamental studies published in leading journals, reflecting a mature ecosystem characterized by strong international collaborations, specialized laboratories, and a focus on technical innovations in rheology control, strength, and reinforcement. 

Emerging research in Brazil prioritizes sustainable and low-cost materials (clay-based mortars, recycled aggregates, and soil-cement composites) suited to local housing and environmental challenges. Publications in accessible engineering journals emphasize “sustainability,” “materials,” and “evaluation,” highlighting a practical approach to real-world validation rather than fundamental theory.

In summary, France's strategy, focused on deep technical innovation and high-impact dissemination, has enabled the country to position itself as a pioneer, while Brazil's application-focused approach meets the local needs of the region. Together, these complementary approaches enrich global progress in 3D printing in the field of civil engineering by combining scientific rigor with practical relevance.
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