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Description du sujet de thèse proposé :                                      Discipline : Civil Engineering



Titre et Résumé : 

Title: Development of a Sustainable Construction Material for 3D Printing: Rheology, Printability, Mechanical Properties and Durability

Abstract: This PhD project aims to develop a new concrete formulation suitable for 3D printing that meets both technical performance and environmental sustainability standards. The objective is to design a durable and printable material while reducing its carbon footprint through the use of alternative materials. The study will focus on the characterization of rheological, mechanical, and durability properties, as well as the influence of formulation and processing parameters.







Sujet : Description du sujet (contexte scientifique, description du problème, Objectifs, …..) :
 3D printing, also referred to as additive manufacturing, is an automated process that produces objects from digital models by successively depositing layers of material. In Civil Engineering, this technology offers great potential, particularly regarding architectural freedom, reduced construction time and optimized prefabrication processes. It allows complex shapes to be created and is particularly useful for producing repetitive or custom-made elements that are integrated into structures.
However, the materials used in 3D printing, particularly concretes and mortars, must meet strict requirements regarding workability, dimensional stability, mechanical performance, and durability. Current formulations largely rely on high Portland cement content and natural resources such as sand, resulting in a significant environmental impact.
In a context where reducing the carbon footprint is a key challenge for the construction sector, this thesis aims to develop a new 3D-printable concrete formulation that meets technical requirements and environmental performance standards. The objective is to design a sustainable material that is suitable for 3D printing. The study will also examine how the material's properties evolve over time in relation to its microstructure to ensure durability and long-term performance.

Approche méthodologique : 
· Begin with an extensive literature review covering various aspects of 3D printing, including materials, components, properties of constituents, mechanical performance, durability, and more.

· Define the key parameters and properties of a 3D-printed cement-based material, with appropriate justification and qualification.

· Study the influence of formulation parameters on the material's properties in both fresh and hardened states (e.g., durability, fire resistance). An optimization process will be conducted.

· Reduce the carbon footprint by replacing conventional constituents (cement, sand, etc.) with alternative materials. This part will also include an optimization study.

· Investigate the durability of the printed material, including its fire resistance and long-term performance.








Résultats attendus : 
· A specification framework for printable concrete materials.
· One or more optimized low-carbon material formulations.
· Full experimental and/or numerical characterization of proposed materials.
· Scientific dissemination via publications and conferences.
· Potential for technology transfer and industrial application.


Bibliographie : 
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· Panda, B., et al. (2018). "Experimental study on mix proportion and fresh properties of fly ash based geopolymer for 3D concrete printing." Ceramics International.
· Ma, G., & Wang, L. (2018). "A critical review of 3D printed concrete." Construction and Building Materials
· Buswell, R. A., et al. (2007). "Freeform Construction: Mega-scale Rapid Manufacturing for Construction." Automation in Construction.
·  Marchment, T., et al. (2019). "Concrete 3D printing: Opportunities & challenges." Materials Today Communications.
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· P. Samrani, Y. Cao, G. Fimbres-Weihs, E. Sanjaya, A. Abbas, Effect of fly ash and ground waste glass as cement replace-ment in concrete 3D-Printing for sustainable construction, Front. Built Environ. 10 (2024) 1430174. https://doi.org/10.3389/fbuil.2024.1430174.
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· Chen, Li, Chaves Figueiredo, Çopuroğlu, Veer, Schlangen, Limestone and Calcined Clay-Based Sustainable Cementitious Materials for 3D Concrete Printing: A Fundamental Study of Extrudability and Early-Age Strength Development, Appl. Sci. 9 (2019) 1809. https://doi.org/10.3390/app9091809.
· D.P. Bentz, S.Z. Jones, I.R. Bentz, M.A. Peltz, Towards the formulation of robust and sustainable cementitious binders for 3-D additive construction by extrusion, Constr. Build. Mater. 175 (2018) 215–224. https://doi.org/10.1016/j.conbuildmat.2018.04.167.
· N. Singh, F. Colangelo, I. Farina, Sustainable Non-Conventional Concrete 3D Printing—A Review, Sustainability 15 (2023) 10121. https://doi.org/10.3390/su151310121.
· S. Bhattacherjee, A.S. Basavaraj, A.V. Rahul, M. Santhanam, R. Gettu, B. Panda, E. Schlangen, Y. Chen, O. Copuroglu, G. Ma, L. Wang, M.A. Basit Beigh, V. Mechtcherine, Sustainable materials for 3D concrete printing, Cem. Concr. Compos. 122 (2021) 104156. https://doi.org/10.1016/j.cemconcomp.2021.104156. 



Mots clés : 
3D printing, sustainable concrete, rheology, alternative materials, carbon footprint, mechanical properties, durability



Possibilité de financement (Justificatif éventuel) : 
This PhD thesis will be funded by Advanced Construction Technology Services ACTS.



Profil Scientifique du candidat : 
We are looking for motivated candidates to carry out their PhD thesis at the University of Artois and the Lebanese University. The candidate must hold a master’s degree in research in civil engineering, materials engineering, or any related discipline. 
The candidate must demonstrate communication skills and an interest in conducting research in a collaborative and multidisciplinary environment.
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