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Abstract: This article presents a systematic review on the application of 3D printing technology using soil-cement in the construction of affordable housing. This territory concentrates one of the country’s highest housing deficits and faces severe challenges related to water scarcity, construction informality, and socioeconomic vulnerability. The study is based on the hypothesis that 3D printing with clay-based alternative materials can offer a technically, economically, and environmentally viable solution. Fifteen scientific articles were selected based on inclusion criteria that considered only studies with structural applications, cement-based mixtures, and mechanical testing of printed components. The results show that mixtures containing cement and additives—such as calcined clays and viscosity-modifying admixtures (VMA)—achieve adequate mechanical performance, with compressive strength above 15 MPa, stable extrudability, and good interlayer bonding. The partial replacement of cement with supplementary binders significantly reduces the carbon footprint without compromising structural integrity. It is concluded that 3D printing with soil-cement is a promising technology to address the housing deficit in semi-arid regions, provided that strict formulation criteria, rheological control, and adaptation to local resources are observed. This research contributes technical insights to the development of sustainable construction strategies in contexts of high housing vulnerability.
Keywords: 3D printing, Soil-cement, Affordable housing, Semi-arid region, Sustainable construction.
1. INTRODUCTION
Brazil is home to the most populous semi-arid region in the world, with approximately 31 million people living in the area. This territory spans 11 states, includes 1,477 municipalities, and covers more than 70% of the country's Northeast region. The state of Bahia, located in this region, has 85.6% of its territory within the semi-arid zone, where more than half of its population resides. The semi-arid region of Bahia is characterized by a harsh climate and faces significant challenges related to water scarcity, housing deficits, and adverse socioeconomic conditions that affect the quality of life of its inhabitants [1,2]. As shown in Figure 01, the housing deficit in Brazil is a systemic issue, currently estimated at over 6 million housing units. Bahia stands out as the state with the highest housing deficit in the Northeast region and presents a critical aggravating factor: according to a survey conducted by the João Pinheiro Foundation, approximately 40% of private households were classified as inadequate housing, underscoring the severity of housing conditions in the state [3].
The construction industry is undeniably one of the most relevant and economically significant sectors worldwide. However, its profitability still largely relies on technologies established in the 1970s. While digitalization has driven profound transformations across various industrial sectors, in construction it remains largely confined to the design phase [14]. 
Figure 1. Infographic illustrating the semi-arid region and housing deficit in Brazil. 
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Source: Based on data from the Superintendency of Economic and Social Studies of Bahia (SEI) [2] and the João Pinheiro Foundation (FJP) [3].
Currently, the construction industry is considered the least digitalized among industrial sectors, which significantly limits its potential for innovation. The adoption of digital fabrication techniques, however, represents a strategic opportunity for the modernization of the industry, offering substantial potential for reducing production costs and material consumption, while promoting greater efficiency and sustainability in construction processes [4]. In addition, the construction sector is responsible for approximately one-third of the world’s annual greenhouse gas emissions, with carbon dioxide (CO₂) accounting for about 97% of these emissions—a number expected to rise over the next five decades. Notably, an estimated 8% of this environmental impact is directly associated with cement production, the main constituent of concrete, which remains the most widely used construction material globally. Cement manufacturing alone releases around 4 billion cubic meters of CO₂ annually, underscoring the pressing need for more sustainable alternatives in the industry. 
This research proposes an innovative and integrated solution that combines 3D printing technology with the use of soil-cement — a composite made from locally abundant and low-cost materials. The main objective is to enable the automated construction of affordable housing adapted to the specific socioeconomic and environmental conditions of Brazil’s semi-arid region. By utilizing regional resources and adapting extrusion-based printing systems to the local context, the approach aims to enhance construction efficiency, reduce material waste, and lower environmental impacts compared to conventional building methods. The core innovation of this study lies in the technological adaptation of additive manufacturing to an alternative material specifically developed for regions with semi-arid climates and high housing vulnerability. Beyond its clear social and environmental value, the proposal demonstrates strong potential for technological innovation and the generation of intellectual property assets, contributing directly to the sustainable transformation of the construction sector in developing contexts.
2. SOIL-CEMENT 3D PRINTING
Earth has been used as a building material since the dawn of human civilization. It is estimated that around 2 billion people worldwide live and work in earthen buildings [8]. Traditional earth construction techniques have been extensively employed across the Americas, Africa, Asia, and Europe, including in multi-story structures. Among these, rammed earth (RE) and compressed earth blocks (CEBs) are notable examples of widely adopted vernacular methods [9]. This discussion forms part of the present article, which focuses on the use of clay-based materials in civil construction. Despite their widespread use, few countries have developed specific engineering standards codes for earthen construction. A notable exception is New Zealand, which has detailed regulations based on the limit state design approach, allowing for earthen walls up to 6.5 meters in height [10]. Non-structural applications of earthen materials are also recognized in building codes from countries such as the United States (New Mexico), Zimbabwe, France, and Germany [11]
In Brazil, traditional building techniques are still commonly used, particularly in the semi-arid region. However, despite their cultural relevance, these methods do not adequately meet modern requirements for durability, safety, and thermal comfort [1]. Furthermore, the country lacks a national technical standard specifically addressing earthen construction, which represents a limitation for the adoption of advanced technologies like 3D printing with earth-based materials. Nevertheless, this absence should not be viewed as a definitive barrier.

According to the Brazilian Association of Technical Standards (ABNT), the development of a Technical Document can be initiated by any interested party — individuals, companies, institutions, or regulatory bodies — through an online submission form [12]. Alternatively, comparative studies with well-established and regulated construction methods, such as masonry with concrete blocks, can be used as a reference to assess the mechanical feasibility of earth-based construction. 

The academic literature on 3D printing with earthen materials can be categorized into two main research streams: (i) 3D Printing Soil-cement, which explores the reduction of cement content and the incorporation of additives such as superplasticizers (SP) and viscosity-modifying agents (VMA) to achieve environmentally sustainable solutions with adequate mechanical performance [14–27]; and (ii) 3D Printing Earth, which seeks to eliminate cement and industrial additives altogether, accepting lower mechanical strength in favor of full material circularity and minimal environmental impact [28–29]. As part of the present article, a systematic literature review is conducted focusing on the use of clay-based mixtures for the construction of structural components in civil engineering applicatio

3. METHODOLOGY
The methodology adopted for the selection of studies began with the formulation of a clear research question, which guided the entire process of literature search and analysis. The central question was defined as: " What types and proportions of materials are suitable for 3D-printed housing construction in semi-arid regions?". Based on this question, search terms and inclusion/exclusion criteria were established. The keyword sequence used was: [3D PRINTING] AND [CLAY] OR [SOIL] AND [CONSTRUCTION], designed to capture the most frequently cited terms in the relevant literature. The search was conducted in the Scopus and Web of Science databases, considering only peer-reviewed publications, including journal articles and conference proceedings. Academic works such as dissertations, theses, and book chapters were excluded. The exclusion criteria adopted were: (i) purely theoretical articles; (ii) literature reviews; (iii) studies focused solely on geometric optimization of printed forms without mechanical analysis of the samples; (iv) use of industrial clay for ornamental purposes; (v) research aimed at botanical structures; (vi) studies that fired the printed samples after production; (vii) articles focused on the construction of molds or formwork; (viii) studies that did not perform mechanical testing of the printed material; and (ix) construction technologies for off-Earth applications. At the end of the selection process, 12 articles met the established criteria and form the analytical basis of this systematic literature review (Table 1).
Table 1. Comprehensive summary of the studies included in the systematic review.

	TITLE
	YEAR
	MATERIAL
	TECH
	MEASUREMENTS
	MIXES
	CONCLUSION
	IMAGE

	The Effect of Viscosity-Modifying Admixture on the Extrudability of Limestone and Calcined Clay-Based Cementitious Material for Extrusion-Based 3D Concrete Printing [15]
	2019
	Ordinary Cement Portland (OPC) 
Calcined clay (CC)
Limestone filler (LF) 
Sand (S) 1:5
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.3
	ram extruder
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	Extrudability 
Rheological model
Buildability
Compressive strength
	MIX-1: 40% OPC | 40% CC | 20% LF | S | 0.48% VMA 

MIX-2: 40% OPC | 40% CC | 20% LF | S | 0.24% VMA 
 
MIX-3: 40% OPC | 40% CC | 20% LF | S |  0.14% VMA
	The MIX-2 mixture demonstrated good stability after 25 minutes, moderate extrusion pressure, a compressive strength of approximately 34 MPa, and superior overall performance for extrusion-based 3D printing.
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	Limestone and Calcined Clay-Based Sustainable Cementitious Materials for 3D Concrete Printing: A Fundamental Study of Extrudability and Early-Age Strength Development [16]
	2019
	Ordinary Cement Portland (OPC) 
Calcined clay - 40/50% metakaolin (LCC) 
Calcined clay - above 90% metakaolin (HPCC) 
Limestone filler (LF) 
Sand (S) 1:5
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.3
	ram extruder

[image: image4.png]




	Vicat penetration
Extrusion test 
Green strength 
Ultrasound 
Compressive strength
	MIX-R: 40% OPC | 60% LF | S | 0.2% VMA | 1.7% SP  

MIX-L: 40% OPC | 40% LCC | 20% LF | S | 0.2% VMA | 1.7% SP  

MIX-M: 40% OPC | 30% LCC | 10% HPCC | 20% LF | S | 0.2% VMA | 1.7% SP  

MIX-H: 40% OPC | 20% LCC | 20% HPCC | 20% LF | S | 0.2% VMA | 1.7% SP  
	The increase in metakaolin content within the calcined clay positively influenced the mechanical performance of the mixtures, with a notable improvement in compressive strength. However, this enhancement was accompanied by a proportional increase in extrusion pressure. The compressive strength results were approximately 12 MPa for MIX-R, 32 MPa for MIX-L, 39 MPa for MIX-M, and 46 MPa for MIX-H.
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	Effect of different grade levels of calcined clays on fresh and hardened properties of ternary-blended cementitious materials for 3D printing [17]
	2020
	Ordinary Cement Portland (OPC) 
Limestone filler (LF) 
Calcined clay of 2 types: 
LGCC (50% metakaolin) 
HGCC (95% metakaolin) 
Sand (S) 1:5
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.3
	3D bench
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	Ram extrusion test 
Printability window 
Buildability 
Compressive strength 
Computed tomography  Isothermal calorimetry  Thermogravimetric analysis 
X-ray diffraction 
Scanning electron microscopy
	REF: 40% OPC | 60%LF | 0.24% VMA | 2% SP  

LCC: 40% OPC | 40% LGCC | 20% LF | 0.24% VMA | 2% SP 

MCC: 40% OPC | 30% LGCC | 10% HGCC | 20% LF | 0.24% VMA | 2% SP 

HCC: 40% OPC | 20% LGCC | 20% HGCC | 20% LF | 0.24% VMA | 2% SP
	Although increasing the HGCC (high-purity metakaolin) content improved the flow consistency of the mixtures, the MCC formulation exhibited the best balance between compressive strength and printability. The compressive strength values were approximately 25 MPa for REF, 43 MPa for LCC, 47 MPa for MCC, and 43 MPa for HCC.
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	Improving printability of limestone-calcined clay-based cementitious materials by using viscosity-modifying admixture [18]
	2020
	Ordinary Cement Portland (OPC) 
Calcined clay (CC)
Limestone filler (LF) 
Sand (S) 1:5
water/binder - 0.3
	3D bench
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	Slump and slump flow test Extrudability Open time Buildability Green strength Isothermal calorimetry Compressive strength Computed tomography
	1.2VMA: 40% OPC | 40% CC | 20% LF | S | 2% SP | 0.14% VMA 

2VMA: 40% OPC | 40% CC | 20% LF | S | 2% SP | 0.24% VMA 

4VMA: 40% OPC | 40% CC | 20% LF | S | 2% SP | 0.48% VMA
	he 2VMA formulation (containing 0.24% VMA) presented the most favorable balance between mechanical strength and the quality of the extruded filament. The compressive strength values were approximately 38 MPa for 1.2VMA, 46 MPa for 2VMA, and 29 MPa for 4VMA.
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	3D printing of calcined clay-limestone-based cementitious materials [20]
	2021
	Ordinary Cement Portland (OPC) 
Calcined clay (CC)
Limestone filler (LF) 
Sand (S) 1:5
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.3
	3D bench
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	Slump test 
Slump-flow 
Water retention 
Extrudability 
Operating window 
Buildability  
Isothermal calorimetry Compressive strength
	B0: 100% OPC | S | 

B45: 55% OPC | 30% CC | 15% LF | S | 2% SP | 0.24% VMA 

B75: 25% OPC | 50% CC | 25% LF | S | 2% SP | 0.24% VMA 

B90: 10% OPC | 60% CC | 30% LF | S | 2% SP | 0.24% VMA
	The partial replacement of cement with calcined clay and limestone has demonstrated potential for enhancing the sustainability and rheological stability of 3D printing mixtures. However, significant technical limitations remain, particularly with respect to mechanical performance at higher replacement levels. Compressive strength values were approximately 42 MPa for B0, 40 MPa for B45, 25 MPa for B75, and 10 MPa for B90.
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	Printability and particle packing of 3D-printable limestone calcined clay cement composites [21]
	2021
	Ordinary Cement Portland (OPC) 
Calcined clay (CC)
Limestone filler (LF) 
Silica fume (SF) 
Sand (S) 1:4
Superplasticizer (SP)  
water/binder - 0.48
	3D bench
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	Flow test 
Rheological test 
Extrudability test 
Buildability test 
Compressive strength
Life Cycle Analysis (LCA)
	R1-OPC: 100% OPC | 0,48 SP

LC40: 60% OPC | 26.7% CC | 13.3% LP | 0,48 SP

LC40SF5: 50% OPC | 26.7% CC | 13.3% LP | 5% SF  | 0,48 SP

LC40SF10: 50% OPC | 26.7% CC | 13.3% LP | 10% SF | 0,48 SP 

LC40SF15: 45% OPC | 26.7% CC | 13.3% LP | 15% SF | 0,48 SP 

LC50: 50% OPC | 33.3% CC | 16.7% LP | 0,48 SP

LC50SF5: 50% OPC | 33.3% CC | 16.7% LP | 5% SF | 0,48 SP 

LC50SF10: 40% OPC | 33.3% CC | 16.7% LP | 10% SF | 0,48 SP 
	he incorporation of silica fume (SF) markedly enhanced the packing density and rheological behavior of the mixtures. Furthermore, the combined use of calcined clay and limestone enabled a reduction in cement content of up to 55% without compromising mechanical performance. Compressive strength values were approximately 40 MPa for R1-OPC, 38 MPa for LC40, 42 MPa for LC40SF5, 36 MPa for LC40SF10, 36 MPa for LC50, 38 MPa for LC50SF5, and 33 MPa for LC50SF10.
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	Criticality of binder-aggregate interaction for buildability of 3D printed concrete containing limestone calcined clay [22]
	2023
	Ordinary Cement Portland (OPC) 
Processed Fly Ash (FA) 
Mixture of calcined clay (metakaolin) and limestone (LC2)
Sand (S) - with different particle size distributions
QS - max. size 2 mm
MS - max. size 4.75 mm
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.32 - 0.4
	3D bench
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	Extrudability test 
Squeeze flow test 
Step load test 
Penetration test 
Isothermal calorimetry  
Cube compression test 
Aggregate packing tests
	OFA-QS: 80% OPC | 20% FA | 1:5 QS | 0.15-0.7% SP | 0.10-0.22% MVA

LC2-QS: 55% OPC | 45% LC2 | 1:5 QS | 0.15-0.7% SP | 0.10-0.22% MVA 

LC2-MS: 55% OPC | 45% LC2 | 1:5 MS | 0.15-0.7% SP | 0.10-0.22% MVA
	Among the evaluated formulations, the LC2-MS mixture exhibited the most favorable balance between mechanical strength and extruded filament quality. The compressive strength results were approximately 35 MPa for OFA-QS, 25 MPa for LC2-QS, and 35 MPa for LC2-MS.
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	Influence of limestone calcined clay cement on properties of 3D printed concrete for sustainable construction [ 23]
	2023
	Ordinary Cement Portland (OPC) 
Mixture of calcined clay (metakaolin) and limestone (LC2)
Sand (S) 
Polypropylene fibers (PP) 
Superplasticizer (SP)  
Viscosity modifying additive (VMA) 
water/binder - 0.45
	3D bench
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	Slump test
Slump Flow test
Rheological tests
Buildability 
Compressive strength 
Direct tensile strength 
Flexural strength
	A: 32.5% OPC | 52.2% S | 0.32% SP | 0.1% VMA | 0.38% PP 

B: 17.8% OPC | 14.6% LC2 | 52.2% S | 0.32% SP | 0.1% VMA | 0.38% PP 

C: 17.8% OPC | 14.6% LC2 | 52.2% S | 0.2% SP | 0.1% VMA | 0.38% PP 

D: 17.8% OPC | 14.6% LC2 | 52.2% S | 0.26% SP | 0.1% VMA | 0.38% PP 

DNpp: 17.8% OPC | 14.6% LC2 | 52.2% S | 0.26% SP | 0.1% VMA
 
Dadj: 17.8% OPC | 14.6% LC2 | 52.2% S | 0.29% SP | 0.1% VMA | 0.38% PP
	Blend D demonstrated the most favorable balance between mechanical strength and extruded filament quality. The compressive strength values were approximately 34 MPa for Blend A, 29 MPa for Blend B, 30 MPa for Blend C, and 30 MPa for Blend D. Compressive strength was not measured for DNpp and Dadj formulations.
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	The Development of Soil-Based 3D-Printable Mixtures: A Mix-Design Methodology and a Case Study [24]
	2023
	Excavated soil (ES)
Ordinary Cement Portland (OPC)  
Superplasticizer (SP) - 3 types tested
water/binder - 0.4
	3D bench
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	Fresh state: 
Marsh cone (flow time) 
Mini cone (spreading) Extrudability test  
Buildability test  
Fall cone test Setting test (start/end time) 
Hardened state:
Compressive strength  
Porosity
	M1: 30% OPC | 70% ES | 1.5% SP 

M2: 20% OPC | 80% ES | 1.5% SP 

M3: 15% OPC | 85% ES | 1.5% SP
	The most environmentally friendly mixture, M3 — with a soil-to-cement ratio of 6 — demonstrated adequate compressive strength (~16.6 MPa) for structural applications, reinforcing both the environmental and technical feasibility of the proposed approach. The use of a superplasticizer was essential to ensure printability under a low water-to-fines ratio. Compressive strength values were approximately 36 MPa for M1, 25 MPa for M2, and 16.6 MPa for M3.
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	Rheology and 3D Printing of Alginate Bio-Stabilized Earth Concrete [25]
	2024
	Local soil (LS)
Ordinary Cement Portland (OPC) 
Sodium Alginate (SA)
water/binder - 0.45 - 0.7
	Prototype with syringe [image: image20.png]



	Rheology test
Buildability test
Extrudability test
Compressive strength
	A1: 100% LS | 1,5% AS

A2: 100% LS | 2% AS

A3: 100% LS | 2,5% AS

C1: 96% LS | 4% OPC | 1,5% AS
C2: 94% LS | 6% OPC | 2% AS

C3: 94% LS | 6% OPC | 2,5% AS
	The incorporation of 6% cement resulted in a significant increase in compressive strength, reaching up to 5.2 MPa after 28 days of air curing, without adversely affecting the rheological properties of the mixture. Additionally, sodium alginate proved to be an effective natural biostabilizing agent, enhancing cohesion and mechanical performance while avoiding the environmental drawbacks associated with conventional cement use. In mixtures without cement, compressive strength ranged from 1.8 MPa to 2.4 MPa.
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	An approach to develop set-on-demand 3D printable limestone-calcined clay-based cementitious materials using calcium nitrate [26]
	2024
	Ordinary Cement Portland (OPC) 
Calcined clay (CC)
Limestone filler (LF) 
Sand (S) 1:5
Accelerator: calcium nitrate solution (Ca(NO₃)₂) 
Superplasticizer (SP)
water/binder – 0.3
	3D bench
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	Slump test
Rheology test
Buildability 
Isothermal calorimetry 
TGA 
X-ray diffraction
Compressive strength
	F-0: 55% OPC | 30% CC | 15% LF | S | 0.3% SP 

F-1: 55% OPC | 30% CC | 15% LF | S | 6.36% Ca(NO₃)₂ | 0.3% SP 

F-2: 55% OPC | 30% CC | 15% LF | 1:5 S | 12.73% Ca(NO₃)₂ | 0.3% SP
	The F-1 mixture exhibited a favorable balance between mechanical performance and practical applicability. Compressive strength values were approximately 33 MPa for F-0, 34 MPa for F-1, and 35 MPa for F-2
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	Development of 3D printable stabilized earth-based construction materials using excavated soil: Evaluation of fresh and hardened properties [27]
	2024
	Ordinary Portland Cement (OPC),

Lateritic soil (LS) - 42.5% clay

Sand (S) 

Ground Granulated Blast Furnace Slag (GGBS)

Superplasticizer (SP)
Viscosity modifying additive (VMA)

water/binder – 0.4 – 0.52
	3D bench
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	Plastic viscosity

Yield stress 

Extrudability

Shape retention

Green strength

Compressive strength Scanning electron microscopy 

Calorimetry
X-ray diffraction
	CS0: 100% OPC + 0% GGBS + 100% S 

CG30: 70% OPC + 30% GGBS + 100% S

CS25: 100% OPC + 0% GGBS + 75% S + 25% soil 

CS50: 100% OPC + 0% GGBS + 50% S + 50% LS 

CS25G30: 70% OPC + 30% GGBS + 75% S + 25% LS 

CS50G30: 70% OPC + 30% GGBS + 50% S + 50% LS
	Partial replacement of sand with soil reduced plastic viscosity and improved extrudability. GGBS improved shape retention and reduced moisture sensitivity. Mix CS50G30 showed superior performance in extrudability, shape retention, and strength, with buildable heights up to 1.2 m and compressive strengths of 14–25 MPa.
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4. DISCUSSION

Before analyzing the data extracted from the selected studies, it is essential to emphasize that the central question of this review is to assess the feasibility of using 3D printing with local soil and cement for the construction of low-cost housing in the Brazilian semi-arid region. In this context, the compressive strength of the printed material stands out as a critical parameter, enabling comparisons with construction techniques standardized in Brazil. Therefore, studies that did not include cement in the mixture were excluded, since formulations composed solely of local soil typically exhibit compressive strengths below 4 MPa [28, 29], which makes them incompatible with the minimum performance required by conventional systems such as concrete masonry blocks [13]. Only 7% of the analyzed studies used robotic arms in the printing process. The predominant use of gantry-based systems is mainly due to their lower cost. However, this choice limits the geometric complexity and scale of the printed structures. Hojati et al. [14] emphasized the need to balance extrudability and buildability through rheological adjustments and the use of chemical admixtures. Chen et al. [15–18] investigated cementitious systems based on limestone and calcined clay (LC-SCM), demonstrating that viscosity-modifying admixtures (VMA) significantly improve extrudability without compromising early-age strength. In their 2020 study [19], the authors showed that varying the content and grade of calcined clays affects both fresh and hardened properties, including compressive strength and interlayer bonding.

In a more recent work, Chen et al. [26] proposed the use of calcium nitrate to develop set-on-demand printable materials, enabling better control of hydration and early strength gain. Daher et al. [24] developed low-cement earth-based mixtures (≈ 282 kg/m³), achieving compressive strengths ranging from 16 to 34 MPa and demonstrating satisfactory extrudability, buildability, and shrinkage control. In contrast, Maierdan et al. (2024) studied alginate-stabilized “earth concrete” and reported modest strengths (<5.2 MPa), ehighlighting the limitations of biobinders for load-bearing applications in the absence of conventional cement. The collective findings indicate that only mixtures incorporating cement—often combined with supplementary cementitious materials such as calcined clays—achieve compressive strengths comparable to standardized construction systems. Studies by Chen et al. [15–20, 26] consistently demonstrate that the use of VMA, optimized particle packing, and appropriate rheological control are essential to ensure both extrudability and interlayer cohesion, which are key structural aspects for printed concrete. A relevant finding is that 83% of the selected studies [15–18, 20–23, and 27] employed LC³ (Limestone Calcined Clay Cement), a sustainable type of cement designed to significantly reduce CO₂ emissions associated with conventional Portland cement production. LC³ partially replaces clinker — the main source of emissions in the process — with two abundant and low-impact materials: calcined clay (especially rich in metakaolin) and limestone (calcium carbonate). Conducting further studies on the use of LC³ in semi-arid regions emerges as a promising strategy for directly reducing the carbon footprint while maintaining the mechanical performance of the mixtures.
5. CONCLUSION
This review provides an overview of the current state of knowledge regarding the use of 3D printing with soil and cement. The studies suggest that the technical feasibility of applying this technique to low-cost housing construction depends on achieving a balance between mechanical strength, extrudability, and interlayer bonding. Controlled cement addition—often combined with supplementary binders such as calcined clay—has proven effective in reaching compressive strengths above 15 MPa, which could, in principle, meet comparable building standards. Moreover, the technology offers relevant environmental benefits, including the use of local resources and a reduction in cement consumption. To enable large-scale implementation, further studies under real-world conditions are needed, with emphasis on durability, thermal performance, and compliance with Brazilian regulations.
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