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ABSTRACT

The present study analyzed the parameters of the manufacture of blocks made from recycled materials through
a systematic and critical review of the scientific literature. Compaction techniques, curing methods and their
influence on mechanical performance were specifically evaluated, considering properties such as compressive
strength, water absorption and durability. The results showed that the variability in the mechanical behavior
of the blocks was mainly due to the lack of standardization in the manufacturing processes, as well as the
heterogeneity of the recycled materials used. It was identified that compaction directly influenced the
densification of the material and the reduction of porosity, while curing determined the microstructural
evolution and the development of mechanical strength. Controlled curing methods, such as wet curing and CO_
carbonation, were also found to significantly improve block performance compared to ambient curing. In terms
of materials, industrial waste showed a more favorable behavior due to its pozzolanic activity, while polymers
and organic waste required stricter manufacturing conditions to achieve adequate levels of resistance. Finally,
a manufacturing taxonomy and an integrated conceptual model were proposed to understand the interaction
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between material, compaction, curing and mechanical performance, providing technical criteria for the
optimization of the production process.

KEYWORDS: Recycled Materials, Concrete Blocks, Compaction, Curing, Mechanical Performance.
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INTRODUCTION

The construction industry is currently positioned
as one of the sectors with the greatest environmental
impact globally, due to the high consumption of
natural resources and the significant generation of
solid waste. In this context, the circular economy
emerges as a strategic approach that promotes the
reuse and recovery of materials, particularly those
from construction and demolition waste, as well as
industrial and agro-industrial by-products. The
incorporation of these recycled materials in the
manufacture of concrete blocks and masonry units
represents a viable alternative to reduce the pressure
on natural resources and mitigate the environmental
impacts associated with the final disposal of waste
(Hossain et al., 2020; Junkes et al., 2024).

In recent years, several studies have explored the
use of recycled aggregates, plastic waste, industrial
ash, and other secondary materials in the production
of blocks, evidencing their potential for structural
and non-structural applications. Recent research
highlights significant advances in terms of
sustainability and technical performance (Asif &
Javed, 2024; Farooq et al., 2023; Juan-Valdés et al,,
2018). However, the results obtained show a high
variability in mechanical properties, especially in
compressive  strength, durability and water
absorption, which limits its adoption on an industrial
scale (Roknuzzaman & Rahman, 2024; Othman et al.,
2025).

This variability is largely associated with the lack
of control and standardization in manufacturing
parameters, particularly in the compaction and
curing stages. Compaction, understood as the
process by which the mixture is densified to reduce
voids and improve internal cohesion, depends on
variables such as the pressure applied, the
compaction method and the moisture content.
Curing, on the other hand, directly influences the
development of the microstructure and the hydration
or chemical activation reactions, being decisive in the
evolution of the mechanical properties of the material
(Zhan et al., 2016; Mastali et al., 2018).

Several studies show that small variations in
these processes can generate significant differences
in the final performance of the blocks. For example,
accelerated CO, curing and controlled compaction
techniques have shown substantial improvements
in the mechanical strength and durability of
recycled materials, although with results
depending on the type of waste and experimental
conditions (Zhan et al., 2013; Merino-Lechuga et
al., 2025). Likewise, research on stabilized blocks

and composite materials highlights the strong
influence of manufacturing conditions on
structural behavior (Bouhiyadi et al., 2025;
Valenzuela et al., 2024).

Despite these advances, the current literature
lacks an integrative framework that systematizes and
critically compares compaction and curing
techniques applied to blocks with recycled materials.
Most studies focus on specific cases or particular
conditions, which makes it difficult to extrapolate
results and define standardized technical criteria
(Sabai et al, 2013; Soutsos et al., 2011). This
fragmentation of knowledge represents an important
gap for the consolidation of sustainable technologies
in the construction industry.

From a technical perspective, beyond the
environmental approach, it is essential to understand
how manufacturing parameters affect the internal
structure of the material and, therefore, its
mechanical behavior. The optimization of these
parameters not only improves the quality of the final
product, but also guarantees its technical, economic,
and regulatory feasibility, key aspects for its
implementation in real projects (Narayanaswamy et
al., 2020; Kumar Chilukuri et al., 2023).

In this context, the objective of this study is to
critically analyze the compaction and curing
techniques used in the manufacture of blocks with
recycled materials, evaluating their influence on

mechanical performance and proposing an
integrative technical taxonomy.
METHODOLOGY

The present study was developed under a
systematic review approach with comparative
critical analysis, aimed at identifying, evaluating and
synthesizing the scientific evidence related to the
parameters of manufacturing in blocks made with
recycled materials, with emphasis on compaction
techniques, curing methods and their influence on
mechanical performance.

This approach made it possible not only to collect
relevant information, but also to analyse the cause-
effect relationships between manufacturing variables
and mechanical properties, overcoming the merely
descriptive nature of traditional reviews and
providing an integrative view of the process.

Additionally, the study was framed in the
research project entitled; "Evaluation of the quality
of the solids of the pre-sedimentation pool of the
drinking water treatment plant for the elaboration of
aggregate block", which provided the technical and
conceptual context for the analysis of the materials
and processes evaluated.
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Bibliographic search strategy

The search for information was carried out in
high-impact scientific databases, including;:

Scopus; Web of Science; ScienceDirect.

Structured search strings with Boolean operators
were used, combining terms related to recycled
materials, concrete blocks, compaction, curing, and
mechanical performance.

Inclusion and exclusion criteria

Example of string used:

("recycled materials" OR "recycled aggregates") AND
("concrete  blocks" OR  "masonry blocks") AND
(compaction OR curing) AND ("mechanical strength"
OR "compressive strength")

The search was limited to publications between
2011 and 2026, in order to include both baseline
studies and recent high-impact research.

Inclusion criteria:
o Experimental studies on blocks with recycled materials

e Articles in indexed journals
e Publications in English and Spanish

o Research that analyzes compaction, curing, or mechanical properties | ¢ Articles not directly related to blocks or masonry

Exclusion criteria:
e Studies without experimental validation

e Duplicate documents
e Investigations without quantifiable mechanical results

Study Selection Process (PRISMA)

The selection process was carried out following
the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
methodology, structured in four phases:

o Identification: Initial collection of articles
e Screening: deduplication and review of

titles/ abstracts
o Eligibility: full-text evaluation
e Inclusion: final selection of relevant studies
Figure 1 shows the study selection process,
showing the progressive reduction in the number of
articles from initial identification to final inclusion,
guaranteeing the quality and relevance of the
information analyzed.

Identificacién de estudios a través de bases de datos y registros ]

Registros identificados en bases
de datos (n = 1,248)

Registros adicionales identificados

Scopus (n = 612)
Web of Science (n = 358)
ScienceDirect (n = 278)

IDENTIFICACION

!

a través de otras fuentes
(n=27)

Registros después de eliminar duplicados
(n =892)

!

(n = 892)

Registros cribados por titulo y resumen

Registros excluidos
(n = 587)

= No relacionados con bloques

A\

\ 4

o materiales reciclados
« No abordan compactacién,
curado o desempefio mecanico
* Articulos de revision
no pertinentes
+ Otros temas fuera del alcance

para elegibilidad
(n = 305)

Articulos evaluados a texto completo

Articulos de texto completo
> excluidos (n = 214)

Sin validacién experimental (n = 86)

A

Sin resultados mecanicos
cuantificables (n = 72)

Metodologia insuficientemente
descrita (n = 31)

Estudios duplicados (n = 25)

Estudios incluidos en la revisiéon
sistemética
(n=91)

[INCLUSI(')N] [ ELEGIBILIDAD } [ CRIBADO ]

I

!

1

Técnicas de compactaciéon

Métodos de curado

Desempefio mecanico

Estudios incluidos
(n = 34)
Evaluan métodos, presién,

humedad y energia de
compactacién

Estudios incluidos
(n = 29)
Analizan curado convencional,

curado acelerado, CO,,
carbonatacién y otros de agua

Estudios incluidos
(n = 28)

Reportan resistencia a compresién,
flexién, durabilidad y absorcién

Nota. Elaboracién propia basada en la declaracién PRISMA 2020,

Figure 1. PRISMA Flowchart of the Study Selection Process
Note: in original language (Spanish)
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Data extraction and organization

To systematize the information collected, a data
extraction matrix was developed that allows
comparing the manufacturing parameters and their
relationship with the mechanical performance of the

blocks with recycled materials.
Table 1 presents the systematization of the studies
analyzed, allowing the identification of patterns,

methodological

differences

and

trends in

manufacturing parameters and their relationship
with mechanical performance.

Table 1. Extraction matrix and comparison of manufacturing parameters and mechanical performance

Recycled Compaction Ke Mechanical
Author/Year ye Block Type pa Curing method Y properties | Main findings
material technique Parameters
evaluated
Construction Water/ cement  Moderate
. and . . . ratio, Compressive improvement in
Sabai et al. (2013) . Concrete Blocks| Vibrocompaction Wet Curing . strength with
demolition compaction Strength
adequate
waste (CDW) pressure .
compaction
Reduced drag
Soutsos et al. Recycled Structural Mechanical Standard Replacement Strength, with high
(2011) aggregate Blocks compaction Curing Percentage density recycled
contents
Compaction High strength
Farooq etal. |{100% recycled . . . pressure, Strength, with proper
(2023) aggregate Paver blocks | Pressing compaction | Wet Curing moisture durability compaction
content control
Optimal
. . . Resistance, balance
Asif & Javed Recycled Paver blocks Thermal/ mechanical| Environmental Plastic Ratio | environmental between
(2024) Plastic compaction Curing .
impact strength and
sustainability
Significant
Juan-Valdés etal.| Recycled | Non-structural Mechanical . . . Strength, influence on
! - . Wet Curing Particle size . .
(2018) ceramic waste| prefabricated compaction microstructure | microstructure
and strength
Junkes et al Industrial and Eco-friendly Strength, abS(I){riiiuoCrf %vith
(2024) conjglsltcéaon blocks Vibrocompaction Wet Curing | Waste dosing absorption better
compaction
. Ashes and Curing time, Significant
Mastali et al. alkaline Mortars/blocks | Manual compaction | CO, Curing CO, Strength ’ increase in CO,
(2018) . . durability -
materials concentration resistance
Noticeable
Zhan et al. (2013) Recycled Concrete Blocks| Vibrocompaction CO; Curing Pressure., Compressive jimprovement in
aggregate exposure time Strength strength and
densification
. High sensitivity
Zhan et al. (2016) Recycled Concrete Blocks Cont—roll'e d CO; Curing Curing 'Strength, to curing
aggregate compaction parameters | microstructure "
conditions
Improved
Bouhiyadi et al. Wood ash Compressed Mechanical Pressing | Natural curin Stabilizer Tﬁiﬁ?ﬁiﬁ?ﬁ thermo-
(2025) Earth Blocks & & Content . mechanical
resistance .
properties
Valenzuela et al. |Industrial by-| Compressed Mechanical Controlled Compaction Strength, Structural
. . energy Performance
(2024) products blocks compaction curing Energy . L
efficiency Optimization
Othman etal. |Fine recycled | Interlocking . . . o Compressive Varlable. results
Vibrocompaction Wet Curing | % replacement according to
(2025) aggregate blocks Strength
dosage
Decreased
Roknuzzaman & | Recycled Recycled Conventional Standard Chemical Strength, resistance in
Rahman (2024) | aggregate concrete compaction Curing exposure durability aggressive
environments
CO; improves
Merino-Lechuga | Recycled Permeable Mechanical . . Resistance, performance
. CO; Curing | Curing Type R and reduces
et al. (2025) aggregate blocks compaction sustainability .
environmental
footprint
Narayanaswamy | Stabilized Manual/mechanical . Compaction Strength, ngh.
Ground Blocks . Natural curing Thermal compaction
et al. (2020) Earth compaction Energy .
Properties dependence
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As can be seen, there is a marked variability in
compaction and curing methods, which directly
influences the mechanical properties of the materials.
Clear trends towards the use of vibrocompaction and
CO; curing are identified as strategies to improve
strength and durability.

Analysis of information

The analysis was developed through a
comparative and critical approach, in which the
following were identified:
¢ Trends in compaction techniques
o Effects of Healing Methods
e Relationship between manufacturing variables

and mechanical properties
¢ Gaps and contradictions in literature

This analysis made it possible to establish a basis
for the construction of a technical manufacturing
taxonomy, as well as the identification of critical
parameters that influence the structural behavior of
blocks with recycled materials.

RESULTS
Sorting Recycled Materials

The literature analysis allowed to identify and
classify the recycled materials used in the
manufacture of blocks into four main categories:
construction and demolition waste, recycled
polymers, industrial waste and organic or agro-
industrial waste. This classification facilitated the
understanding of the physical-chemical properties of
materials and their influence on manufacturing
parameters and mechanical performance.

Construction and demolition waste (CDW),
particularly recycled aggregates (RCA), represented
the most widely studied category. Various studies
have shown their application in structural and non-
structural blocks, highlighting their availability and
compatibility with cementitious matrices (Soutsos et
al,, 2011; Farooq et al., 2023). However, it was
observed that the quality of the recycled aggregate,
its porosity, and the presence of adhered mortar
negatively  influenced  mechanical strength,
especially when high substitution percentages were
used (Roknuzzaman et al., 2025; Othman et al., 2025).

In relation to recycled polymers, particularly
plastics, studies showed their use as a material for
partial or total substitution of fine aggregates in
paver-type blocks. These materials provided benefits
in terms of density reduction and improved
workability, although they presented limitations in
compressive strength when compaction conditions
were not optimized (Asif & Javed, 2024). Likewise, its

behavior depended to a large extent on the
distribution of the polymer in the matrix and the
manufacturing process.

On the other hand, industrial waste, such as fly
ash, slag and by-products of chemical processes,
showed a high potential as supplementary
cementitious materials or stabilizers. The studies
analyzed showed that these materials contributed
significantly to the development of mechanical
strength and durability, especially when combined
with advanced curing techniques such as CO,
carbonation (Mastali et al., 2018; Merino-Lechuga et
al., 2025). In addition, it was observed that their
chemical reactivity favored the formation of denser
and more compact matrices.

Finally, organic and agro-industrial waste, such as
wood ash and plant waste, were mainly used in
compressed earth blocks and alternative materials.
These materials showed improvements in thermal
properties and density reduction, although with
variable mechanical behavior that depended on the
type of stabilization and compaction conditions
(Bouhiyadi et al., 2025; Valenzuela et al., 2024). Its
application was mainly oriented towards sustainable
solutions in low and medium load constructions.

In general terms, it was evident that each type of
recycled material presented particular characteristics
that directly influenced the compaction and curing
processes, as well as the final mechanical
performance. This heterogeneity was a determining
factor in the variability of results reported in the
literature, which reinforces the need to establish
standardized technical criteria.

For a better understanding of the diversity of
materials used in the manufacture of blocks with
recycled content, a structured classification of the
main types identified in the literature is presented.

Figure 2 showed that the recycled materials used
in the manufacture of blocks were grouped into four
main categories, each with differentiated physical-
chemical characteristics and mechanical behaviors.

It was observed that construction and demolition
waste constituted the most used base due to its
availability and compatibility with cementitious
matrices, although its porosity and heterogeneity
negatively affected water absorption and mechanical
strength when manufacturing processes were not
controlled. On the other hand, recycled polymers
contributed to the reduction of density and improved
workability, although they could compromise
resistance if their dosage was not optimized.

In contrast, industrial waste showed a more
favorable behavior in mechanical terms due to its
pozzolanic activity and cementitious capacity, which

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 10228-10244
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favored the formation of denser matrices. On the
other hand, organic waste provided thermal and
sustainability benefits, although its structural
performance depended on adequate stabilization
processes.

Additionally, it was evidenced that the impact of
these materials was not independent, but was closely

related to the compaction and curing processes,
which determined key properties such as mechanical
resistance, durability and water absorption. In this
sense, the selection of recycled material, together
with the optimization of the manufacturing
parameters, was a critical factor for the final
performance of the blocks.

MATERIALES RECICLADOS UTILIZADOS EN LA FABRICACION DE BLOQUES

s 't

1. RESIDUOS DE
CONSTRUCCION Y DEMOLICION
(RCD / RCA)

2. POLIMEROS
RECICLADOS

o ® )

y poli p
residuos sélidos urbanos e industriales.

Materiales provenientes de estructuras
demolidas y escombros de obras.

« Alta disponibilidad y bajo costo.

« Propiedades variables segtn origen y
procesamiento.

* Mayor porosidad y absorcién de agua.

« Disminuyen la densidad del bloque.
* Mejoran la trabajabilidad y tenacidad.

si no se optimiza la dosificacién.

|

« Pueden afectar la resistencia a compresién |

!

3. RESIDUOS INDUSTRIALES
(CENIZAS, ESCORIAS, POLVOS)

3

4. RESIDUOS ORGANICOS Y
AGROINDUSTRIALES

e

Subproductos de procesos industriales
con potencial cementante o puzolénico.

O

Materiales de origen biolégico y subproductos
agroindustriales.

Ceniza de
madera

Ceniza volante Escoria de alto Polvo de silice /
(FA) horno (GGBS) metacaolin

« Reducen la densidad y mejoran el aislamiento
térmico.

« Mejoran la resistencia y durabilidad.
« Efecto puzolanico y/o cementante.
* Requieren estabilizacién para mejorar

« Permiten matrices mas densas y llerer
resistencia.

compactas.

el de

* Reduce el impacto ambiental de los RCD. « Contribuyen a la i6n de

el de ¥

organicos.

v

Bloques de concreto
convencionales

Bloques
interlocking

e e

USO EN BLOQUES

=

Bloques tipo
paver

Blogues de tierra
comprimida

Bloques no
estructurales

= u

Dy

+

IMPACTO EN LAS PROPIEDADES DE LOS BLOQUES

i i i i6n de agua y
(compresién, flexion) porosidad

6n del material

y
agentes agresivos

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i e e — s

i6n con té

Sostenibilidad y reduccién

iaa i térmicas y
aislamiento del impacto ambiental

N

doy su
determina el

de 6n y curado
final de los bl 1

Figure 2. Sorting recycled materials into blocks
Note: in original language (Spanish)

Compaction techniques

The analysis of the literature showed that
compaction was one of the most influential
parameters in the manufacture of blocks with
recycled materials, due to its direct effect on the
density, porosity and internal cohesion of the matrix.
It was observed that the variability in compaction
methods and operating parameters represented one
of the main causes of dispersion in the reported
mechanical results.

Types of compaction

Four main compaction techniques used in the
manufacture of blocks from recycled materials were
identified:

Manual compaction was mainly used in small-
scale experimental studies and in the manufacture of
compressed earth blocks. This method presented
significant limitations in terms of uniformity and
density control, generating high variability in
mechanical results (Narayanaswamy et al., 2020).

Vibrocompaction has positioned itself as one of

the most widely used techniques at an industrial
level, especially in conventional and recycled
concrete blocks. This method allowed for better
particle redistribution and void reduction, favoring
the densification of the material (Sabai et al., 2013;
Junkes et al., 2024).

Hydraulic pressing showed greater efficiency in
the generation of blocks with high density, by
applying controlled pressures that favored uniform
compaction. Recent studies showed that this
technique allowed higher mechanical strengths to be
achieved, especially in blocks with high recycled
material content (Farooq et al., 2023).

On the other hand, dynamic compaction was less
reported, but showed potential in specific
applications where an energy redistribution of the
material was required, particularly in systems with
heterogeneous mixtures.

Key Compaction Variables

The analysis allowed us to identify three critical
variables that directly influenced the effectiveness of
the compaction process:

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 10228-10244
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The pressure applied was the most determining
factor in the densification of the material. It was
observed that increases in pressure generated a
significant reduction in porosity and an increase in
compressive strength, although with a non-linear
behavior in some cases (Zhan et al., 2016).

Compaction time influenced particle
redistribution and mixture stability. Insufficient
times generated heterogeneous structures, while
excessive times did not always represent significant
improvements in mechanical performance.

Moisture content was identified as a critical
parameter for workability and effective compaction.
Optimal levels of humidity facilitated cohesion
between particles, while out-of-range values caused
structural defects, such as cracking or low density
(Valenzuela et al., 2024).

To analyze the influence of compaction on the
mechanical performance of the blocks, a general
relationship between the applied pressure and the
resistance obtained is presented.

FASE IIl r —_—

Interpretacion [

« La resistencia a compresion aumenta ‘
con la presién de compactacién
debido a la reduccién de porosidad
y al mayor contacto entre particulas.

.

A partir de ~50-60 MPa se alcanza
un punto de saturacion, donde las
mejoras en resistencia son
marginales.

Los materiales con cenizas/escorias
presentan el mejor desempefio
debido a su actividad puzolanica y
mejor compactibilidad.

.

Los polimeros reciclados muestran
menores resistencias por su baja
rigidez y menor adherencia.

« Los residuos organicos estabilizados
tienen el desempefio mas bajo,
aunque adecuado para aplicaciones
de baja y media carga.

Variables controladas en estudios analizados

v Relacién agua/material cementante

v Contenido de humedad éptimo

v Tiempo de compactacién constante

v Tamafio maximo del agregado < 12.5 mm

Nota

FASE | FASE Il
Reacomodo de particulas Densificacién efectiva Saturacién de la densificacién
y reduccion de vacios y aumento de contacto (mejoras marginales)
70 4 :
|
—@- Bloques con RCA (100% agregado reciclado) H
|
—- Bloques con cenizas/escorias industriales i
60 1 &~ Blogues con polimeros reciclados (plastico) E
—&— Bloques con residuos orgénicos estabilizados E
. |
[ 1
o 50 !
= :
oo |
c ;
S ,
i 40 |
s |
£ |
o |
9 30/ |
© i
© ;
o :
g |
B |
% 20 !
7] 7
w ()
o :
10 |
i
i
' i
E |
0 . : . . . — :
0 10 20 30 40 50 60 70 80
Presion de compactacion (MPa)
Mayor presién = mayor densidad La reduccién de vacios mejora la Después del punto éptimo, la
hasta un punto éptimo. resistencia y durabilidad. mejora es marginal.

Los valores representan rangos promedio
obtenidos a partir de 29 estudios experimentales
publicados entre 2011 y 2026,

Una compactacién adecuada es
clave para el desempefio
sostenible de los bloques.

o

Figure 3. Relationship between compaction pressure and mechanical strength
Note: in original language (Spanish)

Figure 3 showed that the relationship between
compaction pressure and the mechanical resistance
of the blocks presented a non-linear behavior,
characterized by three clearly differentiated stages.

In the first phase, at low pressures, a significant
increase in compressive strength was observed
associated with the rearrangement of particles and
the initial reduction of voids. At this stage,
compaction favored contact between the components
of the mixture, increasing the internal cohesion of the
material.

In a second phase, corresponding to intermediate
pressures, there was a more efficient densification of
the system, where the reduction of internal porosity
and the improvement in the particle size distribution

contributed to a progressive increase in mechanical
resistance. This stage represented the optimal
compaction range, in which the material reached a
balance between density and structural stability.
However, in a third phase, at high pressures, a
phenomenon of saturation in resistance was
evidenced, where additional increases in pressure
generated marginal improvements. This behavior
was attributed to the system reaching its maximum
possible  densification, limiting the internal
rearrangement capacity of the particles. In some
cases, excessive pressures could even induce
microcracking or segregation of components,
negatively affecting mechanical performance.
Additionally, it was observed that the response to
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compaction pressure depended on the type of
recycled material. Materials with pozzolanic activity,
such as ash and slag, performed better due to their
ability to form denser and more reactive matrices. In
contrast, recycled polymers showed a lower strength
gain, due to their low stiffness and limited adhesion
in the cementitious matrix. On the other hand,
stabilized organic materials presented the most
limited behavior, associated with their less structural
nature.

These results confirmed that compaction pressure
is a critical parameter in the manufacture of blocks
with recycled materials; however, its optimization
requires simultaneously considering the type of
material, the moisture content and the curing
conditions, avoiding the application of excessive
pressures that do not generate significant structural
benefits.

Critical analysis

From a critical perspective, it was identified that
compaction cannot be analyzed in isolation, since its
effect depends on the interaction with other
parameters such as the type of recycled material and
the curing method.

It was evidenced that a higher density, a product
of efficient compaction, generally translated into
better mechanical properties; however, in highly
porous or low-quality materials, this effect was
limited. Likewise, recurrent problems were
identified in the literature, such as:

e Lack of standardization in the pressure levels
applied

e Lack of moisture content control

e Variability in compaction methods

e Poor comparability between studies

These factors contributed to the dispersion of
results and made it difficult to generate reliable
predictive models. In this regard, it was concluded
that compaction optimization requires a
comprehensive approach that simultaneously
considers material type, manufacturing conditions,
and performance objectives.

Curing Methods

The analysis of the literature showed that the
curing process was a determining factor in the
development of the mechanical properties of the
blocks with recycled materials, due to its direct
influence on the hydration of the cement, the
activation of supplementary materials and the
evolution of the microstructure. It was observed that,
even with similar compaction conditions, variations
in the curing method generated significant

differences in compressive strength and durability.
Types of curing

Four main curing methods applied in the
manufacture of blocks with recycled materials were
identified:

e Wet curing was the most widely used method,
characterized by maintaining high humidity
conditions that favored the continuous hydration of
the cement. This method showed consistent results
in terms of mechanical strength development,
especially in systems with recycled aggregates
(Farooq et al., 2023; Othman et al., 2025).

e Steam curing was employed to speed up the
hydration process through the use of elevated
temperatures and controlled environments. This
method allowed higher initial resistances to be
achieved in less time, although its application
depended on controlled conditions and higher
energy consumption.

e Accelerated curing, particularly by carbonation
with CO,, showed outstanding results in
improving  mechanical properties and
densification of the matrix. Studies showed that
this method favored the formation of stable
compounds, reducing porosity and increasing
compressive strength (Zhan et al., 2016; Merino-
Lechuga et al., 2025).

e Environmental curing was used under natural
conditions without specific humidity or
temperature control. This method presented a
greater variability in the results, due to its
dependence on climatic factors, which limited its
reproducibility.

Key Variables of Curing

The performance of the curing process was
conditioned by three main variables:

Temperature directly influenced the rate of
hydration and chemical activation reactions. It was
observed that high temperatures accelerated the
development of initial resistance, although in some
cases they affected the formation of denser structures
in the long term.

Curing time was identified as a critical factor in
the evolution of mechanical properties. Insufficient
curing periods limited the development of
endurance, while adequate times allowed for more
complete hydration and better internal cohesion.

Relative humidity played a key role in the
continuity of chemical reactions. Adequate humidity
levels prevented premature drying of the material,
favoring the formation of stable hydration products
(Mastali et al., 2018).
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To evaluate the influence of different curing
methods on the mechanical performance of blocks, a

general comparison of their effect on compressive
strength is presented.
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Figure 4. Effect of the curing type on compressive strength
Note: in original language (Spanish)

Figure 4 showed that the curing method had a
decisive influence on the evolution of the
compressive strength of the blocks with recycled
materials, evidencing differentiated behaviors both
at early and long-term ages.

In general terms, accelerated curing with CO,
presented the highest resistance values in all the ages
evaluated. This behavior was attributed to early
carbonation, which favored the formation of stable
compounds (mainly calcium carbonates) and a rapid
densification of the matrix, reducing porosity and
improving interfacial adhesion between
components.

Wet curing showed progressive and stable
performance, with continuous increases in strength
over time. This behavior was explained by the
constant availability of water, which allowed a
sustained hydration of the cement and the gradual
development of hydration products, resulting in a
more homogeneous microstructure.

On the other hand, steam curing showed an
advantage at an early age, due to the effect of high
temperature on the acceleration of hydration
reactions. However, this advantage tended to decline
at later ages, suggesting that early accelerated
development does not always translate into
proportional improvements in the long term.

In contrast, the environmental curing presented

the lowest resistance values and the greatest
dispersion in the results. This behavior was
associated with the lack of control of critical variables
such as relative humidity and temperature, which
limited the continuity of hydration reactions and
favored the formation of less dense structures.

Additionally, it was evidenced that the efficiency
of the curing method was conditioned by the type of
recycled material used. In particular, systems that
incorporated materials with pozzolanic activity
responded more favorably to controlled curing
methods, while more heterogeneous or low-reactive
materials showed lower sensitivity to improvements
in curing conditions.

These results confirmed that curing is a critical
parameter in the manufacture of blocks with recycled
materials, not only because of its influence on
mechanical strength, but also because of its ability to
modify the microstructure of the material. In this
sense, the selection of an appropriate curing method,
in combination with optimal compaction conditions,
is essential to maximize the structural performance of
the blocks.

Mechanical Performance

The mechanical performance of the blocks with
recycled materials was evaluated mainly based on
three properties: compressive strength, water
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absorption and durability. The analysis showed that
these properties did not depend only on the type of
recycled material incorporated, but also on the
interaction between compaction, curing, dosage and
quality of the waste used.

Properties evaluated

Compressive strength was the most reported
property in the studies analyzed, due to its
importance in determining the structural or non-
structural viability of the blocks. It was observed that
blocks made from recycled aggregates were able to
achieve acceptable performance when compaction,
water/cement ratio, and curing method were
adequately controlled (Soutsos et al., 2011; Farooq et
al., 2023; Othman et al., 2025). However, the results
decreased when high percentages of substitution
without prior treatment of the recycled aggregate
were used, due to the greater porosity and absorption
of the material (Roknuzzaman & Rahman, 2024;
Roknuzzaman et al., 2025).

Water absorption was a critical indicator of
quality, as it was directly related to the internal
porosity of the block. The studies showed that poor
compaction increased the number of voids, favoring
higher levels of absorption and lower dimensional
stability. In contrast, the use of controlled compaction
and proper curing contributed to reduced pore
connectivity and improved matrix density (Zhan et
al., 2013; Zhan et al., 2016).

Durability was evaluated by resistance to
aggressive agents, environmental cycles, chemical
exposure and long-term stability. Advanced curing

methods, especially CO, carbonation, were found to
improve microstructural densification and reduce
the material's vulnerability to external conditions
(Mastali et al., 2018; Merino-Lechuga et al., 2025).

Cause-effect relationship

The analysis allowed establishing a direct
relationship between compaction and mechanical
strength. A higher compaction pressure favored the
reduction of voids, the increase in density and the
contact between particles, which translated into
better compressive strength values. However, this
relationship presented a non-linear behavior, since
after an optimal range additional increases in
pressure generated marginal improvements and
even possible internal defects.

Similarly, a significant relationship between
curing and durability was evidenced. Controlled
curing methods favored hydration, carbonation or
chemical activation of recycled materials, allowing
for more compact and resistant matrices. In contrast,
environmental curing produced more variable
results, due to the lack of control over relative
humidity and temperature.

Overall, the results showed that mechanical
performance was not a consequence of a single
variable, but of the interaction between the type of
waste, the compaction applied and the curing
method used. Therefore, the manufacture of blocks
with recycled materials requires an integrated design
approach, where each parameter is adjusted
according to the available material and the intended
use of the block.

Table 2. Comparison of manufacturing parameters and mechanical results

Recycled Properties Main
Author/Year material Block Type Compaction Curing evaluated mechanical
result
Increased
Demolition . recycled
Soutsos et al. Mechanical Standard Strength and
(2011) Recycled Concrete Blocks compaction Curing density aggregate
Aggregate partially reduced
strength
Adequate
compaction
Sabai et al. . . . Compressive made it possible
(2013) RCD Concrete Blocks Vibrocompaction Wet Curing Strength to obtain
technically
viable blocks
CO; curing
Zhan et al. Recycled . . . Strength and improved
(2013) aggregate Concrete Blocks Vibrocompaction CO, Curing absorption strength and
densification
The ceramic
Juan-Valdés Recyclgd Non-structural Mechanical . Strength and residue modified
ceramic . . Wet Curing . the
et al. (2018) prefabricated compaction microstructure .
aggregates microstructure
and performance
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Alkaline Accelerated
Mastali et al. waste and Alternative Conventional Accelerated Strength and c?rlr(i‘r;zi:;(;n
(2018) recycled mortars/blocks compaction CO; curing durability prov
ageregates mechanical
88 performance
Good
0 performance was
Faroog etal. | 100% recycled Paver blocks Pressing/Compression Wet Curing St-rength a nd achieved with
(2023) aggregate durability .
compaction
control
Resilience, cost Ts}:\:gtv;]az ta
Asif & Javed Recycled Thermal/mechanical Environmental and pot
. Paver blocks - . . between plastic
(2024) Plastic compaction Curing environmental
impact content and
P performance
Construction Waste recovery
Junkes etal. | and chemical Eco-friendly . . . Strengthand | was feasible with
(2024) industry blocks Vibrocompaction Wet Curing absorption controlled
waste dosing
Industrial and Compaction
Valenzuela agro- Compressed Mechanical Controlled Strength and energy
etal. (2024) industrial by- Earth Blocks compaction curing efficiency influenced final
products performance
Thermo- Stabilization
Bouhiyadi et Wood ash Compressed Mechanical Pressin; Natural curin, mechanical improved
al. (2025) Earth Blocks & 8 roperties mechanical and
prop thermal behavior
Partial
replacement
Othman et Fine recycled Interlocking . . . Compressive presented
al. (2025) aggregate blocks Vibrocompaction Wet Curing Strength acceptable
results according
to dosage
CO; curing
Merino- improved
Recycled Permeable Mechanical . Resilience and strength and
Lechuga et . CO, Curing R
aggregates blocks compaction sustainability reduced
al. (2025) .
environmental
impact

Table 2 showed that the best mechanical results
were associated with controlled manufacturing
processes, especially when mechanical compaction
or pressing techniques were combined with wet or
accelerated CO, curing methods. Studies using
recycled aggregates showed that these materials
could be used in concrete blocks and pavers as long
as dosage, moisture, and compaction were
controlled.

Likewise, it was observed that industrial waste
presented relevant technical advantages due to its
cementitious or pozzolanic activity, while recycled
polymers and organic waste required greater control
in dosing to avoid significant reductions in
resistance. Consequently, the variability of
mechanical performance was directly related to the
lack of standardization of manufacturing
parameters.

In critical terms, the evidence showed that the
manufacture of blocks with recycled materials
should not be evaluated only from the replacement
of natural materials, but from the integral

optimization of the production process. The
interaction between compaction, curing and type of
residue determined the strength, absorption and
final durability of the block.

DISCUSSION

The evidence analyzed shows that the
performance of blocks with recycled materials does
not depend only on the percentage of substitution of
the natural material, but also on the interaction
between type of waste, compaction, curing and
moisture control. This pattern is repeated in studies
with recycled aggregates, industrial waste, polymers
and agro-industrial materials, where the best results
appear when the manufacturing process is controlled
and not when a greater amount of waste is simply
incorporated.

A first pattern identified is that recycled aggregates
from construction and demolition have high technical
feasibility, but also greater variability. This variability
is explained by the presence of adhered mortar,
greater water absorption, particle size differences and
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heterogeneity of the residue. Therefore, while some
studies report blocks with acceptable mechanical
performance, others show significant reductions in
strength when the replacement of the natural
aggregate is high or when there is no prior treatment
of the recycled material (Soutsos et al., 2011; Farooq et
al.,, 2023; Othman et al., 2025).

A second pattern relates to industrial waste, such
as ash, slag and materials with pozzolanic activity.
These residues tend to behave more favourably
because they participate in chemical reactions that
densify the matrix and improve strength. However,
its performance depends on the chemical
composition, fineness, dosage and curing method. In
this sense, the most consistent results appear when
these residues are combined with controlled curing
or accelerated carbonation (Mastali et al., 2018;
Merino-Lechuga et al., 2025).

Important contradictions are also identified. Some
studies argue that the increase in recycled material
reduces mechanical strength, while others show that
it is possible to achieve adequate performance even
with high substitution percentages. This apparent
contradiction is not only explained by the type of
waste, but also by the differences in manufacturing
parameters.  Controlled compaction, optimal
moisture content and proper curing allow to partially
compensate for the negative effects of porosity and
heterogeneity of the recycled material.

The compaction-curing interaction is the critical
axis of mechanical performance. Efficient compaction
reduces voids and improves particle-to-particle
contact; However, if the curing is poor, the matrix
does not fully develop its hydration or carbonation
products. Conversely, advanced curing does not
fully compensate for inadequate compaction.
Therefore, both processes should be understood as
interdependent variables and not as isolated stages.

From a regulatory point of view, the studies
reviewed usually use compressive strength,
absorption and durability tests compatible with
standards such as ASTM C90, ASTM C140, ASTM
C39 and UNE-EN 771, applicable to masonry units,
concrete blocks and mechanical evaluation of
cementitious materials. However, comparison
between studies is difficult because not all studies
report the same test parameters, cure ages, sample
dimensions, environmental conditions or regulatory
acceptance criteria.

This lack of standardization represents one of the
main limitations of the field. The available literature
shows that there are important advances in
sustainability and waste recovery, but there is still no
uniform technical protocol that allows direct

comparison of the results. Therefore, rather than
discussing whether a waste is "suitable" or
"unsuitable", the discussion should focus on what
manufacturing conditions allow that waste to be
transformed into a technically reliable block.

Consequently, the main critical contribution of
this review is to recognize that the manufacture of
blocks with recycled materials requires moving from
a material substitution-based approach to a process
design-based approach. This involves defining
minimum criteria for waste selection, pre-treatment,
compaction pressure, optimal humidity, type of
curing and regulatory verification. Only under this
logic is it possible to reduce mechanical variability
and move towards real applications in the
construction industry.

PROPOSAL

The present research not only synthesized the
existing evidence, but also proposed an integrative
approach to the manufacture of blocks with recycled
materials, based on the systematic relationship
between material type, compaction parameters,
curing conditions and mechanical performance. This
contribution responds to the identified need to
overcome the fragmentation of the literature and
move towards standardized technical criteria.

Taxonomy of Block Making with Recycled
Materials

Based on the comparative analysis, a
manufacturing taxonomy was proposed that
organizes the process into four interdependent
dimensions:

1. Type of recycled material

e RCD / RCA — High availability, high variability

e Polymers — Low density, lower strength

e Industrial waste — High reactivity, better
performance

¢ Organic waste — Thermal improvement, lower
structural capacity

2. Compaction technique

Manual — Low Uniformity

Vibrocompaction — Standard Industrial Use
Hydraulic Pressing — High Densification
Dynamic Compaction — Specific Applications

W

. Curing Method

e Wet — Stability and Reliability

e Steam — Early Endurance

e CO; (accelerated) — High mechanical efficiency
e Environmental — High variability
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4. Mechanical result

e Compressive Strength
e Water Absorption
e Durability

This taxonomy allows us to understand that final
performance does not depend on an isolated

variable, but on the optimal combination between
these four dimensions.

Based on the findings obtained, a conceptual
model is proposed that integrates the main factors
that influence the manufacture and performance of
blocks with recycled materials.

PRINCIPIOS DEL MODELO INTEGRADO
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Figure 5. Integrated Recycled Block Manufacturing Model
Note: in original language (Spanish)

Figure 5 represented an integrated model of block
manufacturing with recycled materials, in which a
systemic relationship was established between the
type of material, compaction techniques, curing
methods and final mechanical performance. This
model made it possible to conceptualize the
production process as an interdependent system, in
which each variable directly or indirectly influences
the quality of the block.

First, the model showed that the recycled material
is the main input variable, since its intrinsic
properties such as porosity, granulometry,
absorption and chemical composition condition the
behavior of the system. Materials such as
construction waste exhibit high variability, while
industrial waste offers greater chemical stability and
reactivity.

Compaction was then represented as a process of
physical densification, in which variables such as
applied pressure, time and moisture content
determine the reduction of voids and the degree of
contact between particles. Techniques such as

hydraulic pressing and vibrocompaction favor the
formation of denser structures, while manual
methods generate greater heterogeneity.

Curing, on the other hand, was interpreted as a
process of chemical transformation that influences
the microstructural evolution of the material.
Methods such as wet curing and CO, carbonation
allow the development of hydration or carbonation
products that improve internal cohesion, while
environmental curing has limitations due to the lack
of variable control.

The model integrated these stages through the
concept of the resulting microstructure, understood
as the internal state of the material, where critical
parameters such as porosity, void connectivity and
the paste-aggregate interface are defined. This
microstructure acts as the bridge between the
manufacturing processes and the mechanical
behavior of the block.

Finally, mechanical performance was represented
through properties such as compressive strength,
water absorption and durability, which emerge as a
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result of the interaction between the previous
variables. In this sense, the model showed that there
is no simple direct relationship between recycled
material and performance, but a chain of
interdependent processes.

A key aspect of the model was the incorporation
of a feedback mechanism, which allows
manufacturing parameters to be adjusted based on
the results obtained. This approach reflects the need
for continuous optimization in the production of
recycled blocks, considering the inherent variability
of materials.

Overall, Figure 5 demonstrated that block
fabrication with recycled materials must be
approached from a holistic approach, where material
selection, compaction optimization, and cure control
are articulated to maximize mechanical performance.
This model constitutes a conceptual contribution that
facilitates technical decision-making and the design
of more efficient and sustainable processes in the
construction industry.

LIMITATIONS AND FUTURE RESEARCH

The present study presented some limitations
inherent to the type of systematic review developed.
First, the availability of information was conditioned
by the heterogeneity of the studies analyzed, which
used different methodologies, recycled materials,
compaction conditions, and curing methods. This
variability made it difficult to directly compare
results and generalize conclusions.

Second, a lack of standardization in the
experimental protocols was evidenced, especially in
critical variables such as compaction pressure,
moisture content, curing conditions and test ages.
This situation limited the possibility of establishing
universal optimal ranges applicable to all types of
recycled materials.

In addition, most studies focused on laboratory
conditions, with little validation at full scale or in
industrial settings. This represents a major gap
between academic research and its practical
implementation in the construction industry.

In terms of future research, it is recommended:

e Develop standardized experimental protocols
that allow results to be compared between studies

e Evaluate the behavior of recycled blocks under
real service conditions

e Deepen the analysis of the microstructure using
advanced techniques (SEM, XRD, CT-scan)

¢ Investigate the integration of Al-based predictive
models to optimize manufacturing parameters

e Analyze long-term performance considering
durability, aging, and environmental exposure

e Studying technical and economic feasibility on an
industrial scale
These lines of research will allow progress
towards the consolidation of more reliable and
sustainable technologies in the manufacture of blocks
with recycled materials.

CONCLUSIONS

The present study critically analyzed the
parameters of block manufacturing with recycled
materials, focusing on compaction techniques, curing
methods and their influence on mechanical
performance.

It was evident that the performance of the blocks
did not depend exclusively on the type of recycled
material, but on the interaction between the
manufacturing variables. In this sense, compaction
was identified as the main mechanism of physical
densification, while curing was decisive in the
evolution of the microstructure and in the
development of mechanical resistance.

The results showed that construction and
demolition waste was the most used alternative,
although with high variability in performance due to
its heterogeneity. On the other hand, industrial waste
presented better mechanical results, associated with
its pozzolanic activity and cementitious capacity. In
contrast, polymers and organic waste required
greater control in dosing and manufacturing
parameters to achieve adequate levels of
performance.

It was determined that there is an optimal
compaction range in which mechanical strength is
maximized, while excessive increases in pressure do
not generate significant benefits and can even affect
the integrity of the material. Controlled curing
methods, particularly wet curing and CO,
carbonation, were also found to significantly
improve the strength and durability of the blocks.

One of the main findings was the lack of
standardization in manufacturing processes, which
explains the high dispersion of results in the
literature. In this context, it was concluded that the
manufacture of blocks with recycled materials
should be approached from a comprehensive
approach, in which material selection, compaction
and curing are jointly optimized.

Finally, a manufacturing taxonomy and an
integrated conceptual model were proposed to
understand the relationship between process variables
and mechanical performance. This contribution
contributes to the generation of more robust technical
criteria and facilitates decision-making in the design
and production of sustainable blocks.
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