Towards fully-recycled high sustainable compressed stabilised earth blocks
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Despite its ecological nature, low cost and hygrothermal benefits, Unstabilised earth has poor performance in
outdoor building elements (Jayasinghe et al. 2016, Bogas 2020). Therefore, even in compacted earth solutions,
such as rammed earth and compressed earth blocks (CEB), chemical stabilization is necessary. However, although
ordinary Portland cement (PC) has shown to be the most effective earth stabiliser in compressed stabilized earth
blocks (CSEB), improving their mechanical and durability performance, it has serious consequences on the
embodied energy and carbon footprint of earth construction (Bogas et al. 2019, 2023). As just a reference, about
800 kg of CO? are released per ton of clinker (Prakasan et al. 2020). This means that for usual amounts of PC in
CSEB, of around 80-200 kg/m? (4-10%, Morel et. 2007), it is estimated that 60-150 kg/m? of CO, are emitted.

The exploration of natural stabilisers, like agricultural wastes (Villamizar et al. 2012), or industrial by-products,
such as slag and fly ash (Sekhar et al. 2018; Elahi et al. 2021), of lower environmental impact, have been attempted.
However, for different reasons, such as poor stabilisation efficiency, low availability, difficult industrial
scalability, and biological vulnerability, these approaches have shown only some scientific interest. Alkali-
activated geopolymers have been also considered as stabilisers, but their cost-effectiveness and eco-efficiency are
still are still far from being demonstrated (Narayanaswamy et al. 2020).

Extensive research aiming the development of new low-carbon binders from the reuse of cement waste has
been conducted in Instituto Superior Técnico, University of Lisbon (IST-UL) since 2018. The aim is to recover
the hydration capacity and binding properties of old cement waste through a low temperature thermoactivation
process (Carrigo et al. 2020). The production of this recycled cement (RC) not only saves relevant carbon emissions
and depletion of natural resources, but also contributes to the effective reuse of construction and demolition waste
(CDW). In fact, a major current problem in the construction industry is the large generation of low-value CDW,
whose destination is mainly landfill. Therefore, new solutions are needed for the ambitious target of 70% CDW
reuse in EU countries (EU 2028). Recent researches have shown the great binding capacity of RC in concretes
(Real et al. 2021, Carrigo et al. 2021). In fact, in these works it is reported that mechanical strength and durability
performance of concrete is little affected for up to 40% PC replacement with RC. In addition, the environmental
impact of RC production was compared with that of clinker production, leading to a reduction of more than 60%
in CO; emissions (Real et al. 2022). However, the production of RC from cement waste initially involves the
difficult task of concrete waste separation, to individualise the cementitious fraction from remaining constituents,
namely aggregates. In this regard, a new method for concrete waste separation was developed and patented in IST
(Carrico et al. 2021). With this method, high-quality recycled sand of less than 3 wt% adhered paste and cement
waste with over 75 wt% purity can be obtained, allowing the production of RC.

In this study the partial to fully substitution of PC with RC was explored in the production of water resistant
CSEB. CSEB with 4-8% stabiliser composed by 20-100% RC was tested for mechanical strength, water absorption
capillary and water erosion properties. In parallel, Unstabilised CEB (UCEB) and reference CEB produced with
PC were considered for comparison purposes. Moreover, for the very first time, compositions with RC directly
retrieved from concrete (RCC), using the above-mentioned separation method, were also studied.

As found in previous studies on concrete, RC showed high rehydration and binding capacity, similar to that of
PC. The mechanical strength was well related with total porosity, regardless the type of binder (Figure 1).
However, due to the higher water requirement of RC, blocks were produced with higher porosity than PC CSEB,
affecting the mechanical and durability performance (Figure 2). Nevertheless, RC CSEB showed high water
resistance, with equivalent mechanical strength sensitivity to different moisture contents as PC CSEB. Moreover,
compared to unstabilised earth blocks (UCEB), RC CSEB was able to increase more than twice the compressive
strength and to maintain their integrity after contact with water, even under severe erosion conditions (Figures 1,3).
The UCEB were completely eroded at 3-4 mm/min under 0.5 bar pressure, whereas CSEB showed no significant
erosion, regardless of the type of stabiliser, even at 2.5 bar pressure (much higher than heavy rain falls, Figure 3).
Only some surface erosion, with detachment of few particles was detected for 4% RC (Figure 3). Therefore,
contrary to UCEB, water-resistant blocks were achieved, even considering the incorporation of only 4% RC, by
weight of earth. This is environmentally comparable to the production of CSEB with less than 30 kg/m? of cement,
which means only about 20 kg/m? of CO, emissions. RCC, retrieved from concrete debris, showed to be as
effective as artificial pure RC in improving the mechanical strength and durability of UCEB (Figures 1,2).
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Figure 1 — Compressive strength versus total Figure 2 — Coeficient of absorption between 10 min and 2

porosity for 8% stabiliser hours in CSEB with different content of PC, RC and RCC
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Figure 3 — Accelerated erosion test (left); erosion surface on blocks with 8%PC 8%RC and 4%RC (right).

Acknowledgements

The authors wish to thank the Portuguese Foundation for Science and Technology (FCT) for funding this research
under project Eco'RCEB, ref. PTDC/ECI-CON/0704/2021, and under unit project UIDB/ECI/04625/2020
(CERIS), as well as Oficinas do Convento, Vimajas, Portuguese Air Force and Cobert for supporting the
experimental work. The second author would also like to thank FCT for the doctoral scholarship 2023.05651.BD.

References

Bogas J, Silva M, Gomes M (2019). Unstabilized and stabilized compressed earth blocks with partial incorpor. of recycled
aggregates. Int J Archit Herit, 569-584. https://doi.org/10.1080/15583058.2018.1442891

Bogas JA (2020). Influence of Water-Repellent Admixtures on the Water-Resistance of Unstabilized and Stabilized
Compressed Earth Blocks. Int J Arch Eng Technology (IJAET), Vol 7, 47-61. https://doi.org/10.15377/2409-9821.2020.07.5

Bogas JA, Real S, Cruz R, Azevedo B (2023). Mechanical performance and shrinkage of compressed earth blocks stabilised
with thermoactivated recycled cement, J. Build. Eng. 79, 107892. https://doi.org/10.1016/J.JOBE.2023.107892

Carrico A, Bogas JA, Guedes M (2020). Thermoactivated cementitious materials - a review, Constr Build Mater, 250,
118873. https://doi.org/10.1016/j.conbuildmat.2020.118873

Carrico A, Bogas JA, Hu S, Real S, Pereira MFC (2021). Novel separation process for obtaining recycled cement and high-
quality recycled sand from waste hardened concrete. J. Clean. Prod. 309, 127375. https://doi.org/10.1016/j.jclepro.2021.127375

Carrigo A, Real S, Bogas JA (2021). Durability performance of thermoactivated recycled cement concrete. Cement and
Concrete Composites 124, 104270. https://doi.org/10.1016/j.cemconcomp.2021.104270

Elahi TE, Shahriar AR, Islam MS (2021). Engineering characteristics of compressed earth blocks stabilized with cement
and fly ash, Constr Build Mater 277. https://doi.org/10.1016/j.conbuildmat.2021.122367.

European Union (2018). Directive 2018/851 amending Directive 2008/98/EC on waste Framework. Off J Eur Union 2018:
L-150/109-140., (n.d.).

Jayasinghe C, Fonseka W, Abeygunawardhene Y (2016). Load bearing properties of composite masonry with CDW and
cement stabilized rammed earth. Constr Build Mater, 102, 471-477. https://doi.org/10.1016/j.conbuildmat.2015.10.136.

Morel JC, Pkla A, Walker P (2007). Compressive strength testing of compressed earth blocks, Constr Build Mater 21, 303—
309. https://doi.org/10.1016/j.conbuildmat.2005.08.021

Narayanaswamy AH, et al. (2020). Mechanical and thermal properties, and comparative life-cycle impacts, of stabilised
earth building products, Constr Build Mater 243. https://doi.org/10.1016/j.conbuildmat.2020.118096

Prakasan S, Palaniappan S, Gettu R (2020). Study of Energy Use and CO2 Emissions in the Manufacturing of Clinker and
Cement, Journal of The Institution of Engineers (India): Series A 101, 221-232. https://doi.org/10.1007/s40030-019-00409-4

Real S, Bogas JA, Carrico A, Hu S (2021). Mechanical characterisation and shrinkage of thermoactivated recycled cement
concrete. Applied Sciences 11, 2454. https://doi.org/10.3390/app11062454

Real S, Sousa V, Meireles I, Bogas JA, Carrigo A (2022). Life Cycle Assessment of Thermoactivated Recycled Cement
Production, Materials 15. https://doi.org/10.3390/mal15196766

Sekhar DC, Nayak S (2018). Utilization of granulated blast furnace slag and cement in the manufacture of compressed
stabilized earth blocks, Constr Build Mater 166 (2018) 531-536. https://doi.org/10.1016/j.conbuildmat.2018.01.125.

Villamizar MCN, Araque VS, Reyes CAR, Silva RS (2012). Effect of the addition of coal-ash and cassava peels on the
engineering properties of CEB, Constr Build Mater 36, 276-286. https://doi.org/10.1016/j.conbuildmat.2012.04.056

' l Fundagao
para a Ciéncia
I

e a Tecnologia

REPUBLICA
PORTUGUESA




