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A B S T R A C T
This study aimed to analyze potential industrial solid waste that can 
be added to soil-cement blocks. A narrative literature review was 
conducted in the Scopus academic database, using as the search criteria 
keywords related to the topic, such as soil-cement, building materials, 
soil-cement blocks, soil-cement bricks, physical and mechanical 
properties, solid waste, life cycle analysis, and civil construction. 
A variety of industrial solid waste that can be incorporated into 
soil-cement blocks was observed, such as waste rock, sludge from 
water treatment plants, wood sawdust, polyethylene terephthalate 
fibers (PET), vegetable fibers from loofah, hemp fibers, rice husks, 
brachiaria grass, poultry eggshells, sugar cane bagasse, wheat 
and barley straw, welding slag, foundry sand, waste from quartzite 
mining, construction, and demolition, mechanical turning, pulp 
industry grains, and steel mill co-products. Among the investigated 
wastes, those that improved the physical and mechanical properties 
of the soil-cement blocks were grains from the cellulose industry, rice 
husks, Brachiaria grass, steel by-products with granulated soil-cement 
blocks and blast furnace slag. The waste that produced no satisfactory 
results was sludge from a water treatment plant, sugarcane bagasse, 
and vegetable loofah. Through this research, it was possible to verify 
that the behavior of soil-cement blocks is influenced by several factors 
in their manufacture, mainly regarding the type and percentage of 
incorporated waste. However, it is important to be concerned with its 
application in waste blocks so as not to increase the environmental 
impacts in the long term.

Keywords: building materials; sustainability; waste management.

R E S U M O
Objetivou-se, com o presente estudo, analisar potenciais resíduos sólidos 
industriais que possam ser adicionados a blocos de solo-cimento. Foi realizada 
uma revisão bibliográfica narrativa por meio da base acadêmica Scopus, 
utilizando-se como critérios de busca palavras-chave ligadas ao tema, como: 
solo-cimento, materiais de construção, blocos de solo-cimento, tijolos solo-
cimento, propriedades físicas e mecânicas, resíduos sólidos, análise de ciclo 
de vida e construção civil. Observou-se a versatilidade de resíduos sólidos 
industriais que podem ser incorporados em blocos de solo-cimento, como 
resíduos de rochas ornamentais, lodo de estações de tratamento de água, 
serragem de madeira, fibras de politereftalato de etileno, fibras vegetais 
de bucha, fibras de cânhamo, cascas de arroz, capim braquiária, cascas de 
ovos aviários, bagaço de cana-de-açúcar, palha de trigo e cevada, escória de 
soldagem, areia de fundição, rejeitos de mineração de quartzito, de construção 
e demolição, tornearia mecânica, grãos de indústria de celulose e coprodutos 
siderúrgicos. Entre os resíduos incorporados que contribuíram para a melhoria 
nas propriedades físicas e mecânicas dos blocos de solo-cimento estiveram: 
grãos da indústria de celulose, casca de arroz, capim braquiária, subprodutos 
siderúrgicos com blocos de solo-cimento granulado e escória de alto forno. 
Os resíduos sem resultados satisfatórios foram lodo de estação de tratamento 
de água, bagaço de cana-de-açúcar e bucha vegetal. Por meio desta pesquisa 
foi possível verificar que o comportamento dos blocos de solo-cimento é 
influenciado por diversos fatores em sua fabricação, principalmente no que 
diz respeito ao tipo e ao percentual de resíduos incorporados. Entretanto, é 
importante a preocupação com a sua aplicação de modo a não potencializar 
os impactos ambientais em longo prazo.

Palavras-chave: materiais de construção; sustentabilidade; gestão de resíduos.
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Introduction
According to Nascimento (2012), the idea of sustainability start-

ed in the 1950s and was related to development due to the expanding 
production and consumption pattern along with the perception of an 
environmental crisis in the world. For Romeiro (2012), sustainability 
is a systemic concept, which proposes complexity, because the social, 
environmental and economic pillars must be completely interconnect-
ed. According to the United Nations (2020) in 1972 at the Stockholm 
Conference, the existing environmental guidelines began to be discussed 
through a more holistic perception of sustainability. Since then, the topic 
has been gaining a lot of space in society, with the union of social, eco-
nomic, and environmental guidelines becoming increasingly important.

Bricks have played a significant role in construction for thousands 
of years, because of their outstanding properties such as durability, 
high strength, and low production costs (Campbell and Pryce, 2003; 
Zhang et al., 2018). Brick was a fundamental building material in the 
Mesopotamian, Egyptian, and Roman periods (Fernandes et al., 2010). 
Increasing sustainability is one of the greatest challenges facing the 
construction industry and, in this regard, alternative building mate-
rials are being developed to mitigate environmental impacts and meet 
sustainable development, production, and consumption standards 
(Silva et al., 2009; Araújo et al., 2019; Balaguera et al., 2018; Murmu 
and Patel, 2018). According to Bruna and Vizioli (2006), sustainability 
promotes joint action in the construction industry — multiple and in-
terdisciplinary — to meet the needs of humans, including the need for 
housing, and to organize quality environments for society. 

With the intensification of environmental problems arising from 
the action of humans during the industrial revolution and the growth 
of consumer goods production, the crisis also reached the construction 
and architecture models. As a result, construction made with dirt was 
emphasized as a sustainable alternative to mitigate these impacts. In the 
1930s, soil stabilization with binders opened new possibilities for build-
ing construction, including masonry components such as soil-cement 
blocks, known as CEB (Compressed Earth Blocks). Soil-cement was 
then considered an evolution in construction materials, compared with 
mud and adobe brick. This was justified by the possibility of industrial-
ization of construction at that time, that is, soil-cement blocks emerged 
as a component of masonry whose manufacturing process allows the 
application of an effective quality control system, in addition to ensur-
ing that the blocks have uniform dimensions (Neves and Faria, 2011). 

Clay brick masonry is one of the oldest and most durable construc-
tion techniques used by mankind. Over the years, as the brick indus-
try has evolved, technological advances in processing (with the devel-
opment of machines such as excavation equipment and tunnel kilns, 
among others) has significantly stimulated the production capacity of 
this type of material (Kadir and Mohajerani, 2011; Zhang, 2013; Zhang 
et al., 2018). However, Al-Fakih et al. (2019) and Venkatarama Reddy 
and Jagadish (2003) claim that this advance provoked an increase in 
the depletion of resources, in addition to greater energy consumption, 

corresponding to around 30% more energy than that required to pro-
duce concrete blocks and blocks of soil-cement, due to the need to use 
burning for its manufacture, resulting in a greater carbon footprint, 
even though concrete and soil-cement blocks use cement in their pro-
duction process.

According to Kadir and Mohajerani (2012), the masonry block 
is one of the most complete building material components, due to its 
physical and mechanical properties, in addition to the innovation of 
incorporating various wastes in its production. According to Zhang 
et al. (2018), despite the good workability and accessibility, it is known 
that the production of sintered masonry blocks has always been a very 
intensive process in terms of energy and resources, in addition to the 
large quantities of carbon it consumes. According to Buyle et al. (2013), 
reducing energy consumption is a major focus of civil construction. 

The global urbanization process is one of the main factors re-
sponsible for the substantial growth in the generation of solid waste. 
Developing countries favor irregular disposal in landfills and open 
landfills (Cardoso et al., 2014; Rodseth et al., 2020). As a result, for 
example, Kadir and Mohajerani (2011) state that recycling wastes by 
incorporating them into building materials is an alternative to these 
issues regarding the disposal of solid waste and mitigation of envi-
ronmental impacts. Kurmus and Mohajerani (2020) found in their 
studies that the incorporation of 1% of cigarette butts in sintered clay 
bricks can save approximately 10.2% of burning energy in the man-
ufacturing process.

The natural resource scarcity and the generation of solid waste 
without proper disposal is a worldwide concern, and this enables eco-
logical viability for construction systems, which encourage sustainable 
development and process optimization (Araújo et  al., 2019; Krishna 
et al., 2020). According to Ashour et al. (2015), the current global con-
cerns arose from extensive environmental problems, together with the 
accelerated pace of technological advancement in the industry, espe-
cially in construction, and, with that, the interest in the development of 
alternative building materials gained space, especially materials made 
of earth. According to Zakham et al. (2018), stabilized soil blocks help 
improve the construction energy efficiency, mainly because they have 
low thermal conductivity. In this way, it is possible to use them to im-
prove the thermal and acoustic insulation in buildings. 

The construction and demolition industry is responsible for 40% 
of the energy consumed worldwide and for a third of greenhouse gas 
emissions (Silva et al., 2010; Muñoz et al., 2016). According to De Las-
sio et al. (2016), with the growth of the demand for building materials, 
there was an increase in the consumption of raw materials and energy 
that stands out mainly during the extraction, processing, and material 
transport phases. The current global amount of solid waste generation 
is approximately 2.01 billion tons per year, and it is expected to increase 
to approximately 3.40 billion tons per year by 2050 (Slipa Kasa et al., 
2018). The use of solid industrial waste in construction activities as 
alternative stabilizers has proven to be a viable solution for reducing 
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environmental impact, in addition to the social and economic benefits 
(Arrigoni et al., 2017; Sekhar and Nayak, 2018).

According to Smol et al (2015) and Murmu and Patel (2018), 
the growing demand for ecological and sustainable products has 
encouraged studies of alternative methods and materials to produce 
building bricks. According to Raut and Gomez (2017), the raw ma-
terials consumed by the construction industry represent approxi-
mately 24% of the global raw material supply. Thus, to achieve the 
goal of sustainable development, the selection of a construction 
material plays a very significant role. Soil-cement blocks pose a 
solution to these issues, because they are easily manufactured by 
a process that does not require burning, decreases the amount of 
cement used, and still allows the incorporation of waste materials 
in their composition. In addition, the use of cement blocks reduces 
costs by up to 40% compared with traditional masonry, especially 
in popular housing. In this way, cement blocks can be considered 
eco-friendly relative to traditional masonry blocks (Bruna and Viz-
ioli, 2006; Sena et al., 2017).

This study aimed to conduct a narrative literature review about 
different types of industrial solid waste evaluated for the possibility of 
addition to soil-cement blocks and bricks. Searches were conducted 
in the Scopus bibliographic database. This database was selected for 
the relevance of the indexed papers focusing on the area and topic ad-
dressed. At the end of the database search, duplicate references were 
excluded. The searches were made between November 12 and No-
vember 30, 2020, using the keywords: soil-cement, building materi-
als, soil-cement blocks, soil-cement bricks, physical and mechanical 
properties, solid waste, life cycle analysis, and civil construction. The 
keywords were combined by means of the operators “and”, “or”, and 
“not”, which were related to the diversity of waste limited to soil-ce-
ment blocks and bricks, as well as combined for the association of 
these materials with their life cycle in the construction industry. 
In addition, truncation was used to gain more control over search 
variations. The inclusion criteria were original articles and literature 
reviews indexed within a 17-year time frame (articles published be-
tween 2003 and 2020), articles written in Portuguese and English, 
and articles that addressed the main properties evaluated for this type 
of material, such as physical and mechanical properties, as well as 
literature that evaluated different types of incorporated waste. The 
exclusion criteria were articles that addressed other types of materials 
made with soil-cement, as well as articles that did not report on the 
addition of waste to construction materials. 

For data analysis, a qualitative content analysis protocol was ad-
opted, following the methodology proposed by Bardin (1977), and 
divided into pre-analysis, analysis, and data interpretation steps. For 
the pre-analysis, the first stage was a floating analysis, consisting of a 
survey of bibliographic references to the theme studied; in the second 
stage, the choice of literature that comprised the body of the analysis 
was made; and the third stage was the formulation of the choice of 

information for each content. In the analysis (exploration of the mate-
rial), the information gathered in the pre-analysis stage was compiled 
in spreadsheets, and the informational content was categorized. Final-
ly,  in the data interpretation stage, this categorization of information 
was considered so that the discussion was related to the main topics 
that make up the sections discussed in this paper: Soil-cement; Indus-
trial solid waste in soil-cement blocks; Life Cycle Analysis (LCA) in 
construction: An alternative to evaluate soil-cement blocks with indus-
trial solid waste.

Soil-cement
Soil-cement is the product resulting from the mixture of soil, ce-

ment, and water compacted at the optimum humidity to provide maxi-
mum density. To verify the suitability of a soil for stabilization with ce-
ment, it is necessary to perform granulometric analysis and determine 
consistency limits (Ferreira et al., 2018). Once the soil is chosen, soil 
and soil-cement compaction tests must be carried out to quantify com-
paction control values. The molding process of the soil-cement brick 
consists of compaction by means of a manual or hydraulic press, which 
reduces its porosity through a compressive force and preserves the 
dimensional symmetry of the interlocking bricks’ faces (ABCP, 2000; 
Ferreira et al., 2018). The addition of cement to the soil increases the 
optimum humidity value of the mixture compared with that of natural 
soil (Ferreira et al., 2018). 

Soil-cement blocks with a cement content greater than 10% may 
not be considered advantageous in terms of cost, but a cement content 
of less than 5% may affect the technological properties of the material. 
Soils with a plasticity index (PI) between 15 and 25 are the most suit-
able for soil-cement blocks, because a greater plasticity or clay could 
cause a bigger interference in the connection between cement and fine 
aggregates and, consequently, in water absorption due to the occur-
rence of retractions in the drying process and an increase in the ap-
pearance of cracks. 

The main properties analyzed in this type of block are compres-
sive strength and water absorption according to Brazilian Technical 
Standards ABNT NBR 8491 and ABNT NBR 8492. For compressive 
strength, the blocks must reach a minimum value of 2.0 MPa (aver-
age), and for water absorption, less than or equal to 20% (average) 
(ABNT, 2012a, 2012b; Ferreira et al., 2018; Murmu and Patel, 2018). 
The amount of water has a dominant effect on the mechanical perfor-
mance of clay bricks and sintered masonry. Each component of the 
block, including pores of water and air, plays a role and interacts with 
others in the mix, contributing to the overall strength of the system 
(Li Piani et al., 2020). The proportion of water in the mixture is be-
tween 5 and 20%, and the optimum humidity is defined as the value 
of humidity corresponding to the value of the maximum dry density, 
that is, the ideal amount of water required to obtain stable compaction 
(Campos et al., 2019).
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According to Al-Jabri et al. (2017), soils with a higher clay content 
are more compressible than those with a lower one. The increase in clay 
content, cement, and density in the soil-cement block directly influ-
ences the increase in the thermal conductivity of the material (Balaji 
et al., 2017; Saidi et al., 2018). According to McGregor et al. (2014) and 
Rempel and Rempel (2016), unburned masonry has a high potential 
to regulate its internal humidity, and hygroscopic earth buildings are 
characterized by the maintenance of comfortable internal temperatures.

Soil-cement blocks are a more sustainable alternative to traditional ma-
sonry blocks. Despite the use of cement, the process of manufacturing soil-ce-
ment blocks does not involve burning, which minimizes greenhouse gas 
emissions (Paschoalin Filho et al., 2016; Azevedo et al., 2019). Segantini and 
Wada (2011) and Azevedo et  al. (2019) emphasize that this constructive 
method streamlines the construction process, reduces the amount of waste 
generated, and reduces the consumption of mortar. This type of block is su-
perimposed on the settlement, forming ducts through which hydraulic wires 
and pipes can be passed, besides offering thermal and acoustic comfort (We-
ber et al., 2017), as can be seen in Figure 1.

Industrial solid waste in soil-cement blocks
According to Huarachi et  al. (2020), it is necessary to quantify 

the real impact of alternative blocks through different waste addition 
scenarios. Zhang (2013) adds that it is important to ensure adequate 
treatment for the waste that contains contaminants to produce mate-
rials. Literature (Table 1) shows the versatility of industrial solid waste 
incorporated in the production of soil-cement blocks.

According to Anjum et  al. (2017), the addition of sludge from 
wastewater treatment plants directly affects the increase in water ab-
sorption in the block, as it is a plastic solid waste. Because of that, it 
also affects the cement hydration reactions next to the organic matter 
present in the sludge and the type of soil used, since the sludge traps 
large amounts of water; therefore, it lacks an adequate amount of water 
to complete these reactions. 

Rodrigues and Holanda (2015) also analyzed the addition of waste 
from a water treatment plant to soil-cement blocks and observed that 
the amount of soil used was replaced by up to 1.25% of this waste, al-
though the main limitation was associated with the increase in water 
absorption due to waste plasticity. Having an adequate amount of water 
helps in the homogenization, hydration, and crystallization process of 
the cement, that is, it provides fluidity, plasticity, and workability to 
the material. In addition, the water/cement factor must always be as 
low as possible, within the required characteristics of the block and the 
quality of the materials available for its composition. The higher the 
water content in the mixture, the greater the tendency for exudation to 
occur, which causes the water to reach the surface of the block, creating 
a greater number of voids inside and, consequently, reducing the resis-
tance, increasing the permeability, and impairing the block’s durability 
(Castro and Pandolfelli, 2009).

According to Barros et al. (2020), soil-cement blocks with the use of 
ornamental stone wastes and polyester resin using methyl ethyl ketone 
peroxide as a catalyst showed superior results for compressive strength. 
The result for water absorption was lower than that of conventional 

Figure 1 – Soil-cement blocks. (A) Holes in soil-cement blocks. (B) Ducts in soil-cement blocks. 
Source: Eco Máquinas.

(A) (B)
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Title Journal Authors Waste used

Production of soil-cement bricks using sludge as a partial substitute Earth Science Malaysia Anjum et al. (2017) Sludge from a water treatment 
plant

Ecological bricks from dimension stone waste and polyester resin Construction and 
Building Materials Barros et al. (2020) Ornamental stone waste and 

polyester resin

Assessment of Mechanical Properties and the Influence of the 
Addition of Sawdust in Soil–Cement Bricks Using the Technique of 
Ultrasonic Anisotropic Inspection

Journal of materials in 
civil engineering Carrasco et al. (2014)

Wood sawdust (Eucalyptus 
Grandis and Eucalyptus 

Cloeziana)

Evaluation of compressive strength and water absorption of soil-
cement bricks manufactured with addition of pet wastes Acta Scientiarum Paschoalin Filho et al. 

(2016)
Polyethylene terephthalate fibers 

(PET bottles)

Brick solo cement with vegetable fiber addition: an alternative in civil 
construction

Research, Society and 
Development Cristina et al. (2018) Loofah vegetable fiber (Luffa 

Cylindrica)

Quality evaluation of soil-cement-plant waste bricks by the 
combination of destructive and non-destructive tests

Revista Brasileira de 
Engenharia Agrícola e 

Ambiental

Ferreira and Cunha 
(2017) 

Rice husk and Brachiaria 
grass (Brachiaria brizantha cv. 

Marandu) 

Manufacture of soil-cement bricks with the addition of sugarcane 
bagasse ash Engenharia Agrícola Jordan et al. (2019) Sugar cane bagasse

Characterization of soil-cement bricks with incorporation of used 
foundry sand Cerâmica Leonel et al. (2017) Discarded foundry sand

Incorporation of solid residues from mechanical turning in soil-
cement bricks manufacturing Nativa Oliveira et al. (2014) Mechanical turning

Recycling of Water Treatment Plant Waste for Production of Soil- 
Cement Bricks

Procedia Materials 
Science

Rodrigues and 
Holanda (2015)

Sludge from a water treatment 
plant

Physical-mechanical properties of soil-cement bricks with the 
addition of the fine fraction from the quartzite mining tailings (State 
of Minas Gerais – Brazil)

Bulletin of Engineering 
Geology and the 

Environment
Reis et al. (2020) Quartzite mining waste

Effect of incorporation of grits waste on the densification behavior of 
soil cement bricks Cerâmica Siqueira and Holanda 

(2015) Grains from the pulp industry

Influence of industrial solid waste addition on properties of soil-
cement bricks Cerâmica Siqueira et al. (2016) Poultry eggshells and welding 

slag

Thermal conductivity of unfired earth bricks reinforced by 
agricultural wastes with cement and gypsum Energy and Buildings Ashour et al. (2015) Wheat and barley straw

Sorption characteristics of stabilised soil blocks embedded with 
waste plastic fibres

Construction and 
Building Materials

Subramaniaprasad 
et al. (2014)

Plastic fibers (PET bottles and 
bags)

Evaluation of physical and mechanical properties of soil-cement 
bricks formulated with steel co-products Matéria Castro et al. (2016)

Steel co-products: Balloon blast 
furnace dust powder, dedusting 
powder, electric arc furnace slag, 

and defective granulated soil-
cement blocks

Utilization of granulated blast furnace slag and cement in the 
manufacture of compressed stabilized earth blocks

Construction and 
Building Materials

Sekhar and Nayak 
(2018) Granulated blast furnace slag

Thermal performance of fired and unfired earth bricks walls Journal of Building 
Engineering Bruno et al. (2020) Hemp fibers

Sustainable unfired bricks manufacturing from construction and 
demolition wastes

Construction and 
Building Materials Seco et al. (2018) Construction and demolition 

waste (concrete and ceramics)

Ecological brick made with non-cash banknotes 
Semioses Inovação, 
desenvolvimento e 
sustentabilidade

Valadão et al. (2017) Worthless cash bills

Table 1 – Studies on the incorporation of different industrial solid wastes in soil-cement blocks.
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sintered block. The soil-cement blocks analyzed showed good thermal 
stability and fire strength using 90% of limestone wastes.

Carrasco et al. (2014) observed in soil-cement blocks with the ad-
dition of wood sawdust and with different block shapes that the me-
chanical characteristics of soil-cement blocks depend not only on the 
type of soil used, but also on the form and configuration of blocks and 
prisms. The authors also pointed out that the incorporation of wood 
sawdust into sandy soil increased its compressive capacity, strength, 
modulus of elasticity, and ductility. In clayey soils, it caused a decrease 
in compressive strength, but an increase in elasticity and ductility 
modulus. The authors also demonstrated the results obtained through 
non-destructive tests by ultrasonic waves that allowed estimation of 
the values ​​of compressive strength and elasticity modulus of samples, 
blocks, and prisms, relating the variation of soil, cement, and wastes, 
in addition to allowing the analysis of the structural characteristics of 
the aggregate.

Paschoalin Filho et al. (2016) demonstrated positive results regard-
ing the reduction of  (polyethylene terephthalate) PET waste for the 
environment with the manufacture of soil-cement blocks. The authors 
evaluated blocks with waste added at proportions of 20, 15 and 10%, 
and cement at proportions of 15, 20, and 25%, and found that, with the 
addition of 10% PET, it was possible to reuse approximately 300 g of 
PET in each block. Although the results showed low values of compres-
sive strength, they still proved to be an alternative solution for masonry 
works that are not subjected to heavy loads or structural functions.

Cristina et al. (2018) showed that soil-cement blocks with added 
loofah vegetable fiber presented low compressive strength under con-
ditions of 5% and 10% fiber variation and molded with a water content 
of 17.5% and a cement content of 5%. The authors found that, with the 
increase in waste, there was low adherence of the vegetable fiber to the 
cement with the amount of water used.

Bruno et al. (2020) demonstrated the incorporation of 1.5% of the 
hemp fibers mass in soil-cement blocks with a water content of 5.4% 
to facilitate mixing and hypercompaction of the material. The authors 
found that the insulating fibers provided better thermal performance 
due to their low density, low porosity, and low thermal conductivity.

Ferreira et al. (2008) evaluated soil-cement blocks with the addi-
tion of rice husks and Brachiaria grass with different proportions of 
cement (60, 70, 80, and 90%) and waste (10, 20, 30, and 40%). The au-
thors stated that the best results, in terms of compressive strength 
and water absorption, were obtained by incorporating the wastes as 
10% of the cement content. Ferreira and Cunha (2017) also used the 
addition of rice husks and Brachiaria in their studies of soil-cement 
blocks and pointed out that, to achieve the maximum apparent specif-
ic weight of the molding blocks, the optimum moisture values of the 
soil at the compaction tests should be used. The authors performed 
an anisotropic strength measurement, a non-destructive test using ul-

trasonic waves, to characterize the technical quality of the blocks in 
physical-mechanical, and elastic-acoustic terms.

Sekhar and Nayak (2018) evaluated compressed blocks with the 
addition of granulated blast furnace slag (BFS) and observed that it 
was possible to substitute 25 and 20%, respectively, for two types of soil 
used (lithogenic and lateritic), an improvement of 53 and 40%, respec-
tively, in the compressive strength. The authors calculated the levels 
of addition of each component mixture and observed that the cement 
content, in 10% in the mass mixture, directly interfered in the com-
pression force with the lithogenic soil, with an improvement of up to 
390%. With the lateritic soil, a cement content of 6% showed that there 
was an improvement of 209%. 

Jordan et al. (2019) studied soil-cement blocks with and without the 
addition of sugarcane bagasse and observed that the lack of pre-treat-
ment of the waste interfered with the physical and mechanical results of 
the block due to the presence of impurities and granulometric variables, 
which contributed to a decrease in the quality of the mixtures.

Leonel et al. (2017), when evaluating a mixture composed of 10% 
cement, 0–25% commercial sand, 0–65% foundry sand, 25–65% clay, 
and 15–30% gravel powder, observed a reduction in water absorption 
with the addition of discarded foundry sand combined with crushed 
stone, although the mechanical strength remained stable.

Oliveira et al. (2014) evaluated soil-cement blocks with the addi-
tion of mechanical turning waste with 0, 10, and 15% waste variation, 
and 10% cement content in the mixture. The results showed improve-
ment in the mechanical properties with 15% addition of waste in rela-
tion to the block without waste; however, they did not reach the values 
established by the norm.

Seco et  al. (2018) evaluated the incorporation of construction and 
demolition waste. The authors obtained different percentage results for 
maximum addition of each residue due to the workability of each mixture, 
with 50% of maximum addition for concrete and 30% for ceramic residue.

Reis et  al. (2020) analyzed the physical-mechanical aspects of 
soil-cement blocks with the addition of tailings from quartzite mining 
and found that the incorporation of the waste reduced the limits of 
liquidity and plasticity due to the decrease in the percentage of the clay 
fraction of the soil, since clays, unlike sands, have a plastic behavior 
and a high agglutination capacity.

Siqueira and Holanda (2015) manufactured soil-cement blocks with 
the addition of grains from the cellulose industry and analyzed the incor-
poration of up to 20% by weight of cement in the manufacture of soil-ce-
ment blocks with a water content of 16% in relation to the total block 
weight. The authors varied the waste by 10, 20, and 30%, and observed that 
the compressive strength increased by 15% in relation to the reference line, 
without adding any waste. For additions of waste above 20%, the grain fill-
ing effect was lower, and water absorption increased. As for durability, for 
additions of up to 20% of grains, the loss of mass of the blocks decreased, 
and for additions greater than 20% of grains, it increased.
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Siqueira et  al. (2016) evaluated the addition of poultry eggshell 
and welding slag wastes for the manufacture of soil-cement blocks and 
found that up to 15% welding slag waste could be incorporated into 
the block as a substitute for soil and that the wastes of poultry eggshells 
could replace up to 30% in the cement composition.

Subramaniaprasad et  al. (2014) analyzed the incorporation of 
plastic fibers in compressed blocks and observed that the plastic fiber 
forms interconnected channels and helps to increase water absorption 
when the samples are completely submerged in water. When the blocks 
with added fiber underwent greater molding pressure, water absorp-
tion decreased due to greater soil compaction and the considerable 
reduction of empty spaces between the waste and the high-pressure 
soil. Subramaniaprasad et al. (2015) used evaluation parameters with 
a variation of 7.5, 10, and 15% of cement, types of fiber (water bottles 
and transportation bags), fiber length (1 and 2 cm) and fiber percent-
age (0.1 and 0.2%). With that, the authors were able to find a 4.5-fold 
increase in the block’s tensile strength.

Ben Mansour et  al. (2017) showed in their study on acoustics 
that pressed blocks with a high apparent density are characterized by 
high airflow resistivity due to their low porosity and high sinuosity. 
When there is a decrease in the compaction pressure, there is an in-
crease in porosity and a reduction in the airflow resistivity of the ma-
terial; therefore, it is more efficient in relation to sound absorption at a 
low density, i.e., it is a better sound absorber, than at a higher density. 

Ashour et al. (2015) studied the incorporation of wheat and barley 
straw into soil-cement blocks. The authors observed the density and 
thermal conductivity of the blocks with a variation in the percentage 
of wheat straw and barley from 0 to 3%. They concluded that there was 
a decrease in the thermal conductivity of the blocks by up to 54.4% 
(wheat) and 53% (barley straw), respectively, in relation to the blocks 
without residue. As for the density of the blocks, there was a decrease of 
about 9.8 to 22% in relation to the blocks without residue incorporation.

According to Castro et al. (2016), it is possible to incorporate steel 
by-products, such as balloon blast furnace dust powder, electric furnace 
dust, and granulated blast furnace slag. The authors point out that the 
wastes used are composed of granulometries corresponding to the typi-
cal range of fine and medium sand, except for balloon blast furnace dust 
powder, which is finer. Another aspect they mention is alteration of the 
cement mix as an alternative to increase granule cohesion and reach high-
er strength values, together with the adequate dosage of added wastes.

Valadão et al. (2017) analyzed the incorporation of worthless cash 
banknotes into soil-cement blocks in proportions of 10, 15, 20, and 
25% of the waste and observed an increase in the compressive strength 
with the addition of the waste, considering that waste pre-treatment 
provided greater compaction of the block.

A study by Sekhar and Nayak (2018) evaluated compressed blocks 
with granulated blast furnace slag added to different types of soil (litho-
margic soil and lateritic soil) and waste added in different proportions. 

The authors observed that a cement content of 10% in the mass mix-
ture directly interfered in the compression force with the lithogenic 
soil, with an improvement of up to 390%. With the lateritic soil, a 6% 
cement content showed an improvement of 209%. Siqueira and Holan-
da (2015) manufactured soil-cement blocks by adding grains from the 
cellulose industry. The authors observed that the compressive strength 
increased by 15% in relation to the reference line, without adding waste.

 Subramaniaprasad et al. (2015) analyzed the incorporation of plas-
tic fibers in pressed blocks and found a 4.5-fold increase in the block’s 
tensile strength. Ashour et al. (2015) studied the relationship between 
the incorporation of wheat straw and barley into soil-cement blocks 
and found a reduction in the thermal conductivity of the block by up 
to 54.4%, compared with the block without straws. With the increase 
in barley straw, the thermal conductivity decreased by up to 53% in 
relation to the block without waste, and the density decreased about 
9.8%, to 22%.

According to the related literature in this study, the behavior of 
soil-cement blocks is influenced by several factors, including the type 
of soil used, the cement content, the percentage of incorporation and 
replacement of residue, and the type of waste incorporated (shown in 
Table 1). In addition, the tests of physical-chemical properties must 
be in accordance with the current standards for validating the materi-
al performance, including quality and accuracy in the manufacturing 
steps, mainly regarding the mixture homogenization, moisture content 
and compaction energy of the material (Murmu and Patel, 2018).

In general, there are difficulties in quantifying a complete compar-
ison of the data present in the different authors listed in this review. In 
this context, a comparative synthesis was established for some of the 
advances obtained by each study (Tables 2 and 3):

There is a concern that the incorporation of wastes implies changes 
in the physical and mechanical properties of soil-cement bricks, im-
pairing their performance. It is also necessary to pay attention to pos-
sible contamination problems that this incorporated waste may inflict 
on the environment with the effects of waste over time. Santos et al. 
(2013) studied the addition of leather waste to soil-cement bricks in 
different proportions (10, 15, 20, and 30%) and observed that only the 
sample relative to the addition of 10% showed results for chromium be-
low the maximum limit allowed per liter of leachate, thus being consid-
ered non-hazardous by NBR 10004 (ABNT, 2004a). In contrast, other 
percentages of addition analyzed presented chromium content above 
the limit set by the standard, thus being considered hazardous (ABNT, 
2004a). Despite the study showing satisfactory results in relation to wa-
ter strength and absorption, the impossibility of retaining chromium in 
bricks has become a limiting factor in its use and must be considered.

A study by Pinheiro et al. (2013) evaluated the effects of incorpo-
rating grits waste into soil-cement bricks. The authors found that the 
soil-cement brick with grits added was characterized as non-hazardous 
by NBR 10004 (ABNT, 2004a), which can be used without restriction. 
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Table 2 – Summary of the bibliographic review regarding the factors that influence the behavior of the soil-cement block with the incorporation of industrial solid waste.

Authors Soil type Mixture Waste (%) Waste particle 
type and/or size Pressing type Waste content

Anjum et al. (2017) Sandy 4:1
(soil:cement)

0-2.5-5-7.5-
10

Solid – 1 to 
500 μm Uniaxial Sludge from a water treatment plant

Barros et al. (2020) Unidentified Unidentified 2.33-4-5.66-9 Solid and liquid Hydraulic Ornamental stone waste and 
polyester resin

Carrasco et al. 
(2014) Clay and sandy 8:1

(soil:cement) 0-0.5-1-2-3
Solid – 2.0 and 

4.8 mm (length) 
0.3mm (thickness)

Hydraulic Wood sawdust (Eucalyptus 
Grandis and Eucalyptus Cloeziana)

Paschoalin Filho 
et al. (2016)

Red Latosol 
(Oxisol) Cement

15, 20, 25% 20-15-10 Solid Unidentified Polyethylene terephthalate fibers
 (PET bottles)

Cristina et al. 
(2018) Unidentified Cement

5% 0-5-10 Solid Hydraulic Loofah vegetable fiber (Luffa 
Cylindrica)

Ferreira and 
Cunha (2017) Clayish Cement

60,70,80,90%
0-10-20-

30-40

Solid – 1.19 to 
0.42 mm and 2.00 

to 0.105 mm
Manual Rice husk and Brachiaria grass 

(Brachiaria brizantha cv. Marandu) 

Jordan et al. (2019) Sandy and 
clayey

6: 1, 7: 1, 10: 1
(soil-cement) 0-30-40 Solid Manual Sugar cane bagasse

Leonel et al. (2017) Clayey and 
sandy

Cement
10%

0-25-30-35-
45-65 Solid Manual Discarded foundry sand

Oliveira et al. 
(2014) Silty 10:1

(soil:cement) 0-10-15 Pasty Manual Mechanical turning

Rodrigues and 
Holanda (2015)

Commercial 
soil (sandy)

10:1
(soil:cement) 0-1.25-2.50-5 Pasty – 1 to 

600 μm Uniaxial Sludge from water treatment plant

Reis et al. (2020)
Red-Yellow 

Latosol 6:1, 8:1, 10:1
(soil:cement) 0-15-30 Solid Hydraulic Quartzite mining waste

Siqueira and 
Holanda (2015) Weak clayey

9: 1, 9: 0.9, 9: 
0.8, 9: 0.7

(soil:cement)
0-10-20-30 Solid Not informed Grains from the pulp industry

Siqueira et al. 
(2016) Sandy 9:1

(soil:cement) 0-10-20-30 Solid – 150 μm Unidentified Poultry eggshells and welding slag

Ashour et al. 
(2015) Silty Cement

5%, 10% 0-1-3 Solid – 4cm Mechanical 
pressing Wheat and barley straw

Subramaniaprasad 
et al. (2014) Sandy Cement

5%, 10%,15% 0.1-0.2 Solid – 1 cm and 
2 cm Unidentified Plastic fibers (PET bottles and bags)

Castro et al. (2016) Kaolinitic 6:1
(soil:cement)

0-2.5-5-7.5-
10-15-20 Solid Hydraulic

Steel co-products: Balloon blast furnace 
dust powder, dedusting powder, 

electric arc furnace slag and defective 
granulated soil-cement blocks

 Sekhar and Nayak 
(2018)

Lateritic and 
clayey

Cement
2%, 4%, 6%, 8%, 

10%, 12%
0-20-25 Solid - soil size 

used Hydraulic Granulated blast furnace slag

Bruno et al. (2020) Ilítico 3:1
(soil:cement) 0-1,5 Solid Unidentified Hemp fibers

Seco et al. (2018) Clayey Cement
10% 0-30-50 Solid – 4mm Hydraulic Construction and demolition waste 

(concrete and ceramics)

Valadão et al. 
(2017) Sandy 8:1

(soil:cement)
0-10-15-

20-25 Solid – 2mm Hydraulic Worthless cash bills
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Table 3 – Synthesis of the main tests and results of the literature review on soil-cement blocks with industrial solid waste.

Authors Tests with the waste Tests with the blocks Main results

Anjum et al. (2017) Chemical analysis by X-ray spectrometry Simple compressive strength, water 
absorption, and bulk density

Reduced density and compressive 
strength and increased water absorption 

Barros et al. (2020)

Fourier Transform-Infrared 
Spectroscopy (FTIR)

thermogravimetry (TG), X-ray diffraction 
(XRD), X-ray fluorescence spectrometry 

(XRF), Scanning electron microscopy 
(SEM)

Compressive strength, water absorption, 
TG/DTG, and
flammability

Increase in compressive strength and fire 
strength and decreased water absorption

Carrasco et al. (2014) Particle Size Distribution (PSD)
Proctor compaction, prism test, 

ultrasonic compressive strength, tensile 
strength

Reduced compressive and tensile 
strengths, increased ductility for clayey 

soil and increased compressive and tensile 
strengths and ductility for sandy soil

Paschoalin Filho et al. 
(2016) Particle Size Distribution (PSD)

Particle size distribution, compaction test, 
simple compressive strength and water 

absorption

Reduced compressive strength and water 
absorption

Cristina et al. (2018) Unidentified
Particle size distribution, simple 
compressive strength and water 

absorption

Reduced compressive strength, high 
porosity and high water absorption

Ferreira and Cunha 
(2017)

Particle size distribution and apparent 
density, pre-treatment in a hydrated lime 

solution and drying

Proctor compaction, prism test, 
ultrasonic compressive strength, tensile 

strength 

Increase in compressive strength (rice 
husk), reduction in specific weight and 
anisotropic strength (Branchiaria grass)

Jordan et al. (2019) Drying and screening
Particle size distribution, simple 
compressive strength and water 

absorption

Low compressive strength, increased 
porosity and water absorption

Leonel et al. (2017) X-ray diffraction (XRD) X-ray 
fluorescence (XRF)

Isothermal colorimetric test, compressive 
strength, tensile strength, durability and 

water absorption

The replacement of the block sand 
by waste caused a reduction in the 

compressive strength

Oliveira et al. (2014) Drying and screening
Particle size distribution, simple 

compressive strength, prism test, and 
water absorption 

Increase in compressive strength and low 
water absorption with increased waste

Rodrigues and 
Holanda (2015)

Sedimentation, drying and screening, 
X-ray diffraction (XRD), particle size 

distribution

Simple compressive strength, bulk density 
water absorption

Reduced mechanical strength and 
increased water absorption due to the 

plasticity of the waste

Reis et al. (2020) Particle size distribution
Particle size distribution, simple 
compressive strength and water 

absorption

Compressive strength and stable water 
absorption with added waste

Siqueira and Holanda 
(2015) X-ray diffraction (XRD)

Particle size distribution, X-ray 
diffraction (XRD), simple compressive 

strength, water absorption and durability, 
Scanning Electron Microscopy (SEM)

Reduction in porosity, good durability, 
strength and stable absorption (up to 20% 

of waste)

Siqueira et al. (2016) Drying and screening
Volumetric shrinkage, X-ray diffraction 
(XRD), water absorption, bulk density, 

compressive strength, and durability

Low volumetric shrinkage, decreased 
porosity and water absorption, increased 

durability and reduced compressive 
strength with 30% waste

Ashour et al. (2015) Drying Thermal conductivity Decrease in density and thermal 
conductivity 

Subramaniaprasad 
et al. (2014) Unidentified Water absorption Increase in water absorption with added 

residue

Continue...
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Authors Tests with the waste Tests with the blocks Main results

Castro et al.
(2016)

Mineralogical composition with X-ray 
fluorescence (XRF), X-ray diffraction 

(XRD), particle size distribution and sieving

Particle size distribution, simple 
compressive strength and water 

absorption

Compressive strength and absorption 
suitable for 20% balloon blast furnace 
dust powder + 10% granulated soil-

cement block; 10% slag or 20% steel slag 
+ 10% granulated soil-cement block;

2.5% dedusting powder + 20% granulated 
soil-cement block

 Sekhar and Nayak 
(2018)

Particle size distribution and chemical 
analysis

Particle size distribution, simple 
compressive strength and water 

absorption

Compressive strength and adequate 
absorption, mainly for lateritic soil with 

addition of residue

Bruno et al. (2020) Unidentified Thermal conductivity and apparent 
density

Unburned blocks showed better thermal 
conductivity with addition of residue

Seco et al. (2018) Screening

X-ray diffraction (XRD) X-ray 
fluorescence (XRF), unconfined 

compressive strength, water absorption, 
freeze-thaw test, and environmental 

impact assessment

Decrease in compressive strength with the 
addition of concrete waste in relation to 

ceramic waste and increase in strength to 
freezing and thawing with concrete residue 

Valadão et al. (2017) Waste fragmentation Particle size distribution, simple 
compressive strength Increase in simple compressive strength

Table 3 – Continuation.

However, as for solubilization, the soil-cement brick with added grits 
presented constituents that are solubilized in concentrations higher 
than those allowed by NBR 10005 (ABNT, 2004b) in relation to the 
water potability pattern, realizing that this would impede the molding 
of soil-cement bricks.

Leonel et al. (2017) evaluated the incorporation of foundry sand 
into soil-cement bricks and found leaching values that did not exceed 
the limit established by NBR 10004 (ABNT, 2004a); therefore, the ma-
terials could be classified as non-hazardous. However, a solubilization 
test indicated that the phenol did not incorporate wastes; therefore, it 
is not an adequate component for the brick molding process. Cement 
and soil were classified as non-inert non-hazardous wastes, but in rela-
tion to cement, the parameters that exceeded the limits were chromi-
um, phenol, sodium, and sulfate, and, for the soil, aluminum and iron.

Life cycle analysis (lca) in civil construction: an 
alternative to evaluate soil-cement blocks with 
industrial solid waste

Life Cycle Assessment (LCA) is an increasingly efficient and recog-
nized tool, as it enables the assessment of the impacts of raw material 
extraction up to the final disposal of the products, providing knowl-
edge about its different process phases (De Lassio et al., 2016). Several 
studies highlight LCA as an important tool for the civil construction 
sector in terms of sustainability in civil construction. (Galan-Marin 
et al., 2016; Marcelino-Sadaba et al., 2017; Peng and Wu, 2017; Joglekar 

et al., 2018; Lozano-Miralles et al., 2018; Mohajerani et al., 2018; San-
danayake et al., 2018; Seco et al., 2018; Yuan et al., 2018). 

 Yuan et  al. (2018) compared permeable blocks and traditional 
concrete blocks and used LCA to analyze and compare the environ-
mental and economic impacts, in addition to identifying the main pro-
cesses and materials that make them beneficial for achieving a clean-
er and more economical production. Seco et  al. (2018) analyzed the 
incorporation of construction and demolition waste in non-sintered 
blocks and identified, through LCA, the environmental impact caused 
by these materials. Galan-Marin et al. (2016) conducted environmen-
tal impact studies in different construction systems, highlighting the 
masonry walls of sintered clay bricks, concrete block masonry, and 
masonry walls of soil blocks stabilized with natural fibers through 
LCA. Mohajerani et al. (2018) performed a comparative LCA to assess 
the environmental impacts of sintered blocks incorporating biosolids. 
Joglekar et al. (2018) evaluated different masonry alternatives in low-
cost housing units, in order to define the material that represents the 
greatest sustainability.

Studies by Lozano-Miralles et al. (2018) evaluated the LCA of sin-
tered blocks with organic waste and stated that using LCA can be a 
promising alternative approach regarding sustainability. Peng and Wu 
(2017) demonstrated, through modeling methodologies and ecologi-
cal indicators, an LCA of carbon emissions from a modeled building 
and emphasized that this type of resource can be very useful in reduc-
ing efforts to estimate data, as it provides much-needed information 
and tools to perform this type of analysis. Thus, it alleviates part of the 
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difficulty when executing the structuring of an LCA, since this study 
requires a vast database, and most of the time the obstacle is informa-
tion acquisition.

According to Marcelino-Sadaba et al. (2017), the variability in the 
components of a product, the lack of data for each aspect of manufac-
turing and the processes involved create great challenges. As a result, 
through the incorporation of recycled waste and by-products, the quan-
tification of data becomes more complex. For the authors, the incorpo-
ration of these materials creates problems in terms of data and means 
of conducting a robust and individualized analysis. Sandanayake et al. 
(2018) justify that a typical construction project involves several activ-
ities that cause particular environmental impacts and that, from this, a 
broader view of studies with a global perspective is necessary.

Through this approach, it is possible to verify the feasibility of ap-
plying LCA in new studies on the production of soil-cement blocks, as 
it allows a deeper analysis of the process and the material in question. 
In this sense, the quantification of data by using this methodology can 
enhance future studies, although Seco et al. (2018) emphasize that LCA 
also has the limitations of not fully considering the additional environ-
mental benefits of replacing a non-renewable resource, such as natural 
soil, with recycled waste. Thus, it is still necessary to have broader and 

standardized details for future analysis of soil-cement blocks contain-
ing solid industrial waste.

Final considerations
Considering the general aspects of the discussion of literature in 

this study, the wastes that contributed to the improvement of soil-ce-
ment blocks properties were cellulose industry grains, rice husks, Bra-
chiaria grass, steel by-products with soil blocks, granular cement, and 
blast furnace slag. The wastes that did not obtain satisfactory results 
were sludge from a water treatment plant, sugarcane bagasse, and veg-
etable loofah. 

Through this article, it was possible to verify that the behavior of 
soil-cement blocks is influenced by several factors in their manufac-
ture, mainly regarding the type and percentage of incorporated waste. 
Many wastes prove to be viable for use in this type of block in certain 
proportions, which is thus a sustainable alternative to their inadequate 
disposal in landfills and the environment. However, it is important to 
be concerned about the application of blocks with such wastes, requir-
ing more environmental analyses linked to these types of studies so 
that the intention of these surveys is truly sustainable and does not 
enhance environmental impacts.
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