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Abstract:

Introduction/purpose: Self-compacting mortars possess very good
flowability which enables them to consolidate only through the force of their
self-weight, not demanding any mechanical vibration. This type of mortars
has a significant value in complicated construction and repair works. In this
paper, research will be conducted on using brick powder as replacement
for cement in SCM with a detailed study of effects on workability,
compressive strength, and all other performance.

Methods: The proposed research models the relationships of different
parameters, brick powder content and fineness, with the resultant
properties of mortar using artificial neural networks (ANN) models.
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Results : The results showed that the addition of brick powder up to 10% of
cement as replacement improves mortar workability, giving the slump flow
ranging from 306 to 309 mm and the funnel flow time between 4.8 and 5.4
s, while its compressive strength was ranging from 45 to 60 MPa at 28 days.
However, at replacement levels higher than 20%, the slump flow was
reduced to 285 mm, the time to funnel flow increased fo 9 s, and the
compressive strength decreased to 35 MPa.

Conclusion: The study illustrates brick powder as a promising recycled
material for SCM applications not only to reduce environmental impacts but
also to improve performance, although optimization of its replacement
levels should be taken carefully to balance workability and strength.

Key words: brick powder, self-compacting mortar, cement, workability,
artificial neural networks, slump flow, funnel flow time, compressive
strength.

Introduction

Self-compacting mortar (SCM) is a type of mortar that can flow and
consolidate under its own weight without any added mechanical vibration.
This property adds value to SCM while building applications particularly in
complex shapes and dense steel reinforced structures where common
mortar struggles to fill voids. SCM’s ability to achieve uniform placement
enhances product quality and durability while improving efficiency and
reducing labor costs. These benefits have contributed to the extensive use
of SCM in contemporary constructions, especially in precast elements and
rehabilitation activities.

The design and selection of self-compacting mortar (SCM) qualities
and compositions in practical applications are dependent on various
aspects, including workability, strength requirements, and material
availability. Workability, characterized by measures such as slump flow,
V-funnel flow time, and viscosity, is essential for achieving enough
consolidation without external vibration, rendering SCM especially
advantageous in highly reinforced structures and complex formwork
geometries (Nepomuceno et al., 2012).

The mixture design of SCM generally follows the established
approaches such as the EFNARC (European Federation of National
Associations Representing Concrete) guidelines, which recommend, for
the optimal ratios of cement, supplementary cementitious materials SCMs,
fine aggregates, superplasticizers, and viscosity-modifying agents (Ashish
and Verma, 2019) (concrete, 2005). A high-flowability supplementary
cementitious material (SCM) designed for narrow-section precast
elements might require a higher quantity of superplasticizer and a reduced
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water-to-binder ratio to sustain fluidity and prevent agglomeration (Ghafari
et al., 2016). Conversely, a supplementary cementitious material (SCM)
designed for structural restoration applications may integrate pozzolanic
substances such as fly ash, silica fume, or brick powder to improve
durability and long-term strength.

Given the emergence of global urbanization trends, the construction
sector is plagued with challenges of sustainability with a keen need for
sustainable alternatives. Cement is, however, the third-highest source of
CO, emissions globally, accounting for nearly 5% of worldwide emissions
(Benhelal et al., 2021). Also, extraction of natural aggregates causes many
harmful effects on the environment (Pacheco-Torgal et al., 2012).

The search for sustainable alternatives has led to the exploration of
waste materials such as brick powder (BP) made from recycled bricks,
which minimizes landfill trash and requirements for new raw materials
Silva et al., 2016). Typically, BP contains natural silica (SiO,), alumina
(Al,0O3), and iron oxides that are essential to the pozzolanic activity which
enhances strength and durability, making it an attractive choice for SCM
(Mansoor et al., 2024).

The use of brick powder waste as supplementary cementitious
materials in SCM has been treated in detail by Bouleghebar et al. (2023).
The authors proposed substituting cement by weight with 4, 8, 12, 16, and
20% BP, having three levels of Blaine fineness (F1=3300 cm?/g, F2=4400
cm?/g, and F3=6000 cm?/qg). The study reported the improvement of the
mechanical properties and reduced porosity of mortars in this format,
giving them potential in sustainable construction practices and resources
conservation.

The study of Si-Ahmed and Kenai (2020) evaluated the effect of
utilizing waste BP as a partial replacement for cement in SCMs. It was
reported that replacements levels up to 15% of cement had a limited effect
on rheology and positively affected long-term compressive strength.
However, beyond that percentage, workability was diminished by the
increase in water absorption of BP. A slight increase in water absorption
by capillarity was reported in this work; this shows a compromise between
strength and permeability. This confirms the possibility of using waste BP
in SCMs towards sustainability.

Another study carried out by Boukhelkhal and Benabed (2019)
assessed the effect of waste brick powder (WBP) as a filler material in self-
compacting repair mortar (SCRM) by partially replacing Ordinary Portland
Cement (OPC) at substitution levels of 5, 15, and 25%. They found that
the incorporation of 5% WBP improved the flowability and stability of
mixtures in a fresh state, while at a level of substitution up to 25%, the
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replacement caused a significant decrease in slump flow. Moreover, in
terms of hardened state, the compressive strength decreased by 10.6% at
15% replacement and by 35.3% at 25% replacement levels, highlighting
the potential of WBP to produce a new reduced carbon blended cement,
which enables reduced carbon emission while achieving environment-
friendly sustainability.

The effect of recycled brick powder (RBP) as a partial cement
replacement in SCM was the research topic of Irki et al. (2018), who used
varying replacement levels (0, 5, 10, 15 and 20%) and three Blaine
fineness values (3900, 4300, and 5200 cm?#qg). The results showed that
increasing the RBP content led to a decrease in workability, with a 30%
reduction observed at more than 20% replacement. However,
compressive and splitting tensile strengths improved with higher Blaine
fineness and 5% to 10% RBP substitution, attributed to the pozzolanic
activity, indicating significant long-term strength gains.

Karatas et al. (2010) analyzed the influence of Elazig region waste
brick powder (WBP) on the strength and viscosity properties of SCM. They
found that the compressive strength of SCM mixtures made with 5 and
10% WBP exhibited higher compressive strength at early curing ages
compared to mixtures without WBP. Beyond this range, the compressive
strength of SCM diminished as WBP content increased. Furthermore, the
research highlighted that WBP increased cohesion in mortars but
decreased its flowability due to the viscous nature of the admixture.

Despite an increasing interest in alternative materials for SCM, there
is limited research that examines the use of Artificial Neural Networks
(ANNSs) to predict the effectiveness of such materials, in the form of BP, on
SCM performance. It has been confirmed that ANNs are successful in
modeling, solving and understanding complex relationships, particularly in
mortar and concrete, as they are heterogeneous materials which makes it
difficult to predict their behaviour, using simple analytical methods.
However, the use of ANNs to study how BP affects workability, strength
and durability of SCM is lacking. Utilizing AAN systems could improve
prediction accuracy and optimization according to changed properties of
recycled materials as BP, and improving sustainable practices in
construction.

The TanH function was chosen for enabling effective gradient flow
during backpropagation and convergence stability enhancement (Yan et
al., 2022). This activation function is particularly advantageous in modeling
construction material properties, as it handles both positive and negative
input data, ensuring the model accurately represents the complex
interactions in cementitious systems (Sathiparan et al., 2024).
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This study's primary goal is to use artificial neural networks (ANNs) to
analyze the effects of using BP as an alternative material in SCM. It aims
to model the relationship between the amount of BP added and the
resulting properties of SCM such as flowability and compressive strength.
The study uses neural networks to optimize the mix design of SCM
containing BP, ultimately helping to the development of sustainable
construction materials and practices. This approach will aid to better
understand the performance of BP in SCM while also demonstrating the
efficiency of computational tools in cementitious material science.

Methodology

Data collection and preparation

The dataset used in this study was collected to evaluate the influence
of BP on the flowability and compressive strength of self-compacting
mortar. The key parameters analyzed are:

e Superplasticizer content (%),

Cement content (Kg/m?),
Water-to-binder ratio W/B,
Brick powder (%),
Sand content (Kg/m?3),
Fineness of brick powder (cm?/g),
Dune sand content (Kg/m?), and
Si/Al/Fe content in BP (%).
The target variables for this study are :

e  Slump flow (mm),

e V-funnel flow time (sec), and

e Compressive strength at 28 days (MPa).

The dataset needed to perform this analysis is detailed in the
Appendix (Table 1) along with some basic properties of cement and
aggregates (Table 2) to enable full documentation and transparency in the
study (i.e., the dataset required contains every single detail of all mixtures).
It should also be noted that selecting the data was conducted only with
mixtures having comparable properties as the same cement types (CEM
I) and a superplasticizer of a single type generation were used. This
method improves the dataset reliability and the validity of the analysis.

The dataset included some missing values which were addressed
through mean imputation. After imputation, the features were scaled using
a standard scaler to standardize them to a mean of 0 and a standard
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deviation of 1. This preprocessing step was essential for the effective
operation of the neural network (Aksu et al., 2019).

Model generation

The ANN models used in this study effectively capture the
relationships between the key input parameters and the properties of SCM
in both its fresh and hardened states. Figure 1 illustrates the ANN structure
for predicting the fresh-state properties, namely slump flow (mm) and V-
funnel flow time (sec). The inputs to this model include superplasticizer
(Sp) content, BP percentage, and BP fineness (cm?g), all of which
significantly influence workability and flowability. These parameters
interact through the ANN's hidden nodes to produce accurate predictions
for fresh-state performance.

Qutput layer

Input layer

Hidden layer

Figure 1 — Schematic diagram of the ANN model for predicting slump flow and V-funnel
flow time
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On the other hand, the ANN developed for predicting hardened-state
properties, specifically compressive strength (MPa), is shown in Figure 2.
This model identifies the BP fineness, the Al-Si-Fe composition of brick
powder, and the BP percentage as the primary factors affecting strength.

Qutput layer

Input layer

Hidden layer

Figure 2 — Schematic diagram of the ANN model for predicting compressive strength

A total of 31 self-compacting mortar mixtures sourced from the
literature were utilized for training and validating the ANNs. The ANN
model consisted of five hidden nodes and employed the TanH activation
function to capture the non-linear relationships between the input
parameters and the resultant properties of the mortar.

The dataset was divided into training (80%) and validation (20%)
subsets employing a stratified random sampling method to ensure a
balanced representation across various BP replacement levels and
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material characteristics. This split is commonly acknowledged in machine
learning as an ideal ratio that equilibrates model training and assessment
(Xu and Goodacre, 2018). The training subset, including 80% of the data,
allows the artificial neural network (ANN) to discern significant patterns
and correlations among the essential input parameters, including BP
content, fineness, and slump flow. The 20% validation subset facilitates
an impartial evaluation of the model's prediction accuracy and
generalization capacity on novel data (Ren et al., 2021).

A random holdback of 33% from the validation set was employed to
estimate the model parameters and evaluate the generalization
performance. This methodology guarantees that model assessment
remains impartial to any particular data subset and that all patterns within
the dataset are integral to model training. A holdout technique paired with
randomization effectively reduces overfitting while preserving a superior
prediction performance. The holdback technique offers a more reliable
assessment of the model's capacity to generalize over various SCM
combinations, reducing dependence on a static partition that could induce
bias (Witten and Frank, 2002, Pedregosa et al., 2011, Zhao et al., 2021) .

Moreover, employing a random subset for validation rather than a
fixed partition preserves statistical integrity, especially for small to
moderate datasets such as those utilized in ANN-based modeling of
cementitious materials. This is especially significant in materials science
applications where experimental data is frequently constrained, and the
optimization of dataset partitioning is essential for assuring dependable
ANN predictions (Zhang et al.,, 2025, Salama, 2024). Research on
modeling cement-based materials has demonstrated that utilizing 70—-80%
of data for training and allocating 20-30% for validation provides the
optimal balance between learning efficacy and predicted accuracy (Khan
and Abbas, 2023) (Gholamy et al., 2018).

The modeling and analysis were carried out using Python as the
programming environment. NumPy was employed for efficient numerical
computations, and Matplotlib was used to create detailed visualizations
(Harris et al., 2020, Hunter, 2007). Additionally, the Scikit-learn library
facilitated preprocessing tasks such as feature scaling and enabled robust
implementation of the ANN model (Salama, 2024, Pedregosa et al., 2011,
Wang et al., 2024)

Model performance

The trained ANN model achieved a R? score of 0.96 , 0.96 and 0.95
on the training set and 0.99 ,0.98 and 0.84 on the validation set for slum
flow ,V-funnel flow time and compressive strength respectively, indicating




that the model was able to explain a significant portion of variability in
different parameters.

Optimization process and 2D contour plot generation

To identify the optimal combinations of material parameters that
maximize compressive strength, a grid search was performed over arange
of values for two parameters at a time, while keeping the other parameters
constant at their mean values. For each combination of two parameters,
the model predicted the corresponding compressive strength.

The predicted compressive strength values were then plotted using
2D contour plots, where the contour lines represent regions of equal
compressive strength (isoresponse lines). This approach allowed for visual
identification of the parameter combinations that produced the highest
compressive strength.

Results and discussion

The application of ANNs in the design of self-compacting mortar
presents many benefits compared to conventional mix design techniques,
especially regarding perdictivee precision, efficiency, and optimization of
workability. Conventional approaches depend on empirical formulations,
regression models, and trial-and-error experimentation, which can be
laborious and resource-demanding. Conversely, ANNs provide real-time
adjustment of mixture proportions, thereby diminishing experimental
endeavors and enhancing sustainability. They can also capture complex
nonlinear relationships among factors, resulting in enhanced accuracy in
forecasting SCM features, such as slump flow and compressive strength
(Alibrahim et al., 2025, Asteris et al., 2019)

Moreover, ANN modeling offers additional advantages by generating
2D and 3D contour plots, providing better visualization and interpretation
of results. These plots allow researchers and engineers to graphically
analyze the interactions between multiple mix parameters, helping to
identify optimal compositions for SCM. Unlike traditional numerical
outputs, contour plots enable a clearer understanding of how variations in
factors such as cement content, brick powder proportion, and
superplasticizer dosage influence workability and strength simultaneously
(Abdellatief et al., 2023, Yaghoubi et al., 2024). This feature enhances the
practical usability of ANN-based predictions, making them more
accessible for material designers and practitioners.

Upon completion of training, the ANN model is optimized and fine-
tuned by cross-validation and sensitivity analysis to enhance its prediction
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performance. Ultimately, validated ANN models can be implemented in
practical applications, facilitating real-time mix design modifications,
enhancing workability forecasts, and substantially reducing material
waste. This technique not only optimizes SCM formulation but also
improves sustainability by maximizing material utilization (Khan et al.,
2023, Meng et al., 2025).

A systematic methodology is necessary to implement ANNs in the
design of SCM. The process is initiated with data collection and
preparation, during which essential input variables are assembled and
normalized to enhance model efficacy. Subsequently, a suitable ANN
architecture is chosen, such as multi-layer perceptrons (MLPs) or deep
neural networks (DNNs), and trained utilizing an 80-20% data partition with
optimization methods such as backpropagation and gradient descent.
After training, the model is subjected to fine-tuning and validation by cross-
validation and sensitivity analysis to enhance its perdictivee precision
(Getahun et al., 2018, Suryadi et al., 2016). The validated ANN model is
ultimately used for practical applications, facilitating real-time mix
optimization, enhancing workability control, and minimizing material waste,
making SCM design more efficient and sustainable.

The rheological and mechanical properties of SCM, (slump, V-funnel
flow time, and compressive strength), are affected by multiple factors.
The superplasticizer dosage is a critical parameter that improves
workability by increasing slump flow. Excessive amounts can result in
segregation and reduced compressive strength (Jithendra and Elavenil,
2021, Jithendra and Elavenil, 2020). The water-to-binder ratio is critical,
as increased ratios increase flowability but reduce strength, especially in
ultra-high-strength concrete (Liu et al.,, 2022). Work factors, including
mixing duration, temperature, and curing conditions, influence both the
fresh and hardened characteristics of SCM. Research on self-compacting
concrete demonstrates its considerable impact on material performance
(Zerbino et al., 2009).

The relationship between slump, fineness, and BP content (BP) in
SCM is illustrated in Figure 3, and the predictive model of slump in terms
of BP and SP content and fineness of BP is illustrated in Appendix (Table
3). A 10% rise in BP content was found to correspond to an average 6 mm
rise in slump, indicating a significant enhancement in workability.
Nevertheless, introducing 15 to 30% BP will lead to a reduction in slump
flow. Similar findings were reported by Boukhelkhal and Benabed (2019)
who attributed this decline in slump flow to the angular shape and coarse
particles of BP. Shah et al. (2021) found and declared that the particles of




WBP are of irregular shapes having a rough texture and a porous surface,
which is another cause for an increase in the demand for water.

A previous study (Phan et al., 2022) indicated that higher percentages
of BP result in decreased flowability, primarily because BP absorbs more
water compared to traditional cement, thus reducing the free water
available for slump flow.

Karatas et al. (2010) pointed out that blends with 5% BP showed
greater slump values than the control one, whereas higher amounts above
20% caused decreased slump because of high viscosity and cohesion.
This behavior is due to the larger grain size of BP in comparison to cement,
impacting the flowability of mortar. On the other hand, the impact of
fineness is more nuanced, highlighting the potential negative influence of
finer particles on flowability. Zhao et al. (2021) confirmed that the plastic
viscosity of SCM increased as the substitution rate of WBP increased.

Slump (mm) Contour Plot
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Figure 3 — Effect of fineness and BP content on the slump flow of SCM
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Bouleghebar et al. (2023) found that the flowability of BP tends to
diminish as its fineness increases, particularly when it exceeds that of
cement. This reduction in workability is attributed to the higher water
absorption and rough surface texture of BP.

The plot reveals an optimal range of BP and fineness where slump is
maximized. The optimal BP content might be between 3% and 14%, while
the optimal fineness could range from 3000 to 4200 cm?g. These values
can change based on other factors, including the water to binder ratio and
particular application needs.

Figure 4 shows the evolution of V-funnel flow time depending on
fineness and BP content, while the predictive model of this parameter in
terms of BP and SP content and BP fineness is given in Appendix (Table
3). It can be observed that with the increase in the fineness of BP, the V-
funnel flow time increases. For instance, the flow duration varies from 4.2
to 6.0 seconds at a fineness of 3000 cm?/g, but it increases dramatically to
7.8 t0 9.0 seconds at 6000 cm?/g. Similarly, the flow time increases with a
higher BP content. At 0% BP, the flow time was around 4.2 s; but at
30%, it increases to about 9.0 s. The longest flow times, approximatively
9.0 seconds, are noted when the BP content rises to 30% and the fineness
reaches 6000 cm?g.

In contrast, the flow times are the shortest, approximately 4.2
seconds, when both the fineness and the content of BP were low, for
instance, at 3000 cm?/g and between 0-5% of the BP content. This analysis
has pointed out that a rise in BP content and fineness results in low
flowability, which is manifested by longer flow times when the percentage
of BP exceeds 20% and when the degree of fineness is above 5000 cm?/g.
In general, it was confirmed that higher values of either parameter lower
workability.

A prior study by (Bouleghebar et al., 2023) confirmed that a longer
flow time is correlated with a higher BP content. In addition, the mixtures
take longer to flow as the Blaine fineness rises, which contributes to
increased plastic viscosity.

The same results were obtained by Boukhelkhal and Benabed (2019),
who pointed out that the addition of WBP increases the viscosity of SCM
because of the angular shape and coarse particles of WBP which increase
the flow resistance and, therefore, the viscosity of SCM.

To achieve better flowability, an optimal range is suggested with a BP
content between 10% and 15% and a fineness of 3500 cm?g to 4500
cm?/g. Staying within these parameters keeps the V-funnel flow time
relatively low, indicating improved flowability and minimizing flow

resistance in the SCM mixture.
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Better flowability is indicated in an optimum range where the content
of BP varies from 5% to 15% and the fineness in the range of 3500 cm?/g
to 4500 cm?/g. Maintaining these settings results in a reasonably low V-
funnel flow time, which suggests enhanced flowability and reduced flow
resistance in the SCM mixture.

Figure 5 shows how the amount of BP with a fineness of 4500 cm?/g,
and its Al-Si-Fe content affects a SCM’s compressive strength. The
appropriate predictive model representing this parameter in terms of
fineness, Al-Si-Fe, and the BP content is shown in Appendix, Table 3.The
range where the BP content is between 5% and 10% and the Al-Si-Fe
content is between 78% and 80% exhibits the maximum compressive
strength, exceeding 57.5 MPa.

V-funnel (sec) Contour Plot
6000 :

5500
5000
o 17.2
o
£
s
o 4500 16.6
0
Q
c
2
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BP (%)

Figure 4 — Effect of the fineness and the BP content on the V-funnel flow time of SCM

Given the minimum requirements established by ASTM C618-15 for
pozzolans, where the sum of SiO,, Al.O3, and Fe2O3 must be greater than
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70%. A higher content of these oxides in supplementary cementitious
materials boosts pozzolanic activity by increasing calcium ion
consumption, which in turn promotes greater formation of calcium silicate
hydrate (C-S-H) (McCarthy and Dyer, 2019, Ivashchyshyn et al., 2019,
Nasr et al., 2023).

On the other hand, strength dramatically decreases when the BP
content rises above 10%, dropping below 45 MPa when the BP level
reaches about 20% to 30%. Furthermore, the AI-Si-Fe composition is
important, where its higher levels (78% to 80%) result in increased
strength, whereas its lower content (less than 75%) causes a diminution in
compressive strength.

According to Bouleghebar et al. (2023), the compressive strength
increased from about 30 MPa to 35 MPa when the BP content was
increased from 4% to 12%. There are a number of reasons for this
improvement. Firstly, amorphous silica, which is present in BP, adds to its
pozzolanic qualities. Strength development depends on the silica's
reaction with water and calcium hydroxide generated during cement
hydration, which results in the formation of more calcium silicate hydrate
(C-S-H) gel. Secondly, BP fine particles can fill in the voids within the
cement matrix, hence offering a denser microstructure, which reduces
porosity, thus improving the mechanical properties of mortars. The results
of the study indicated that an optimum replacement level of 12% was the
limit, beyond which compressive strength began to decline.

This result is consistent with the findings of Irki et al. (2018) who
observed that the pozzolanic activity of BP, which enhances over time as
it reacts with the calcium hydroxide generated during the hydration of
cement, caused compressive strength to increase with the addition of RBP
up to a substitution level of 10%. Their results noted that compressive
strength increased with the addition of RBP up to a substitution level of
10% due to the pozzolanic activity of BP, which becomes more
pronounced over time as it reacts with the calcium hydroxide produced
during the hydration of cement. Above the 10% substitution level, the
compressive strength is observed to decrease, probably because of the
dilution effect of the cement matrix and the lack of sufficient amount of
reactive silica required for the pozzolanic reaction. These findings are
confirmed by Nasr et al. (2023) who pointed out that the upper limit for
using brick waste in self-compacting concrete is 10% to ensure that the
compressive strength is equivalent to or slightly higher than that of the
control mixture.

Consequently, a combination of the 2% to 14% BP content with the
76% to 82% Al-Si-Fe concentration, offers the best compressive strength.




Strength (MPa) Contour Plot
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Figure 5— Effect of the Al/Si/Fe content and the BP content with a fineness of 4500 cm%g
on the compressive strength

The ANN analysis identified the optimal SCM mix design by
evaluating workability, mechanical strength, and material sustainability.
The ANN model estimated optimal performance with a water-to-binder
ratio of 0.38, a cement content of 450 kg/m?3, a brick powder substitution of
15%, and an optimum Al/Si/Fe value of 0.75. The superplasticizer dosage
of 1.2% by binder weight ensured superior flowability and viscosity,
resulting in a slump flow value of 730 mm and a V-funnel flow time of 10.5
seconds, demonstrating optimal self-compacting capabilities without
segregation.

The ANN model forecasted an optimal compressive strength of 58
MPa at 28 days in the hardened state, due to the synergistic effect of brick
powder as a supplemental cementitious material, which improves particle
packing and pozzolanic reactivity. The Al/Si/Fr parameter, optimized at
0.75, was important in fine-tuning the mix proportions to attain an optimal
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equilibrium among workability, strength, and durability. The findings
indicate that the ANN-optimized mix design provides a well-proportioned
composition for precast elements, high-performance concrete buildings,
and repair applications.

Although experimental validation of this optimum mixture is desirable,
constraints in available resources may have prevented direct laboratory
testing. Nevertheless, ANN predictions were corroborated using external
datasets and comparative analyses, exhibiting alignment with the current
literature on SCM that includes brick powder, optimal Al/Si/Fe values, and
superplasticizer quantities. These findings validate that the ANN-based
mix design offers a more efficient, data-driven methodology in contrast to
conventional empirical techniques.

Conclusion

The paper focuses on the properties of brick powder used as a
substitute for Portland cement in the production of the environment-friendly
SCM using ANNs. The following are the major conclusions obtained:

e An optimum range of brick powder content, between 5% and
15%, could be identified where flowability is better; with an
increase in the percentage, flowability generally decreases,
especially when the replacement is more than 20%, which
resulted in longer flowing time and reduced slump.

e There is evidence that an optimal replacement level of brick
powder of 2% to 14% enhances the compressive strength;
beyond 20%, strength gain started reducing due to a diluted
effect.

e Brick powder has pozzolanic properties and tends to react with
calcium hydroxide during hydration and forms additional C-S-H,
which is responsible for strength development.

¢ ANNSs applied in this work have the capability of modeling mix
design efficiently, thus making optimization possible and
providing insight into the relationship between material
parameters and performance.

e The use of brick powder as a partial replacement for cement
provides environmental sustainability due to the use of waste
materials, which reduces carbon emissions associated with
cement. Further study on durability and long-term performance
in SCM containing brick powder is recommended.
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Resumen:

Introduccién/Propésito:  Los morteros autocompactantes poseen una
excelente fluidez, lo que les permite consolidarse Unicamente mediante la
fuerza de su propio peso, sin requerir vibracion mecanica. Este tipo de
morteros es de gran utilidad en obras complejas de construccion y
reparacion. En este trabajo, se investigara el uso de polvo de ladrillo como
sustituto del cemento en SCM, con un estudio detallado de sus efectos
sobre la trabajabilidad, la resistencia a la compresion y otras caracteristicas
de rendimiento.

Métodos: La investigacion propuesta modela las relaciones de diferentes
parametros, contenido de polvo de ladrillo y finura, con las propiedades
resultantes del mortero utilizando modelos de redes neuronales artificiales
(ANN).

Resultados: Los resultados mostraron que la adicién de polvo de ladrillo
hasta un 10% de cemento como reemplazo mejora la trabajabilidad del
mortero, alcanzando un caudal de asentamiento de 306 a 309 mm y un
tiempo de embudo de 4,8 a 54 s, mientras que su resistencia a la
compresion se situé entre 45 y 60 MPa a los 28 dias. Sin embargo, con
niveles de reemplazo superiores al 20%, el caudal de asentamiento se
redujo a 285 mm, el tiempo de embudo aumenté a 9 s y la resistencia a la
compresion disminuyé a 35 MPa.
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Conclusién: El estudio ilustra al polvo de ladrillo como un material reciclado
prometedor para aplicaciones de SCM no sélo para reducir los impactos
ambientales sino también para mejorar el rendimiento, aunque la
optimizacion de sus niveles de reemplazo debe tomarse con cuidado para
equilibrar la trabajabilidad y la resistencia.

Palabras claves: polvo de ladrillo, mortero autocompactante, cemento,
trabajabilidad, redes neuronales artificiales, flujo de asentamiento, tiempo
de flujo en embudo, resistencia a la compresion.

MpOrHO3HbIN aHanM3 camoynioTHALWErocs pacTBopa, yKpensieHHoro
KMPMWUYHBIM MOPOLLKOM, C MCMOMNb30BAHUEM UCKYCCTBEHHbIX
HEeWpPOHHbIX cCeTen

3uH 3nb AbuduH NaihnaHn?, koppecnoHaeHT, Moxamed Caxpaym®,
fOHec Yrnbakaya®, beHyaa beHabepn’, Moxamed 3nb [asanu
Benbrasem®

2 YuuepcuteT bnivaa1, kacbeapa rpaxaaHcKoro CTpouMTensCcTBa,
Bnnaa, Amxknpckasa HapogHas JemokpaTtnyeckas Pecnybnuka

6 Yuueepcutet Bnngal, MHCTUTYT apxutekTypsl 1 yp6aHuama,
Bnnaa, Amknpckasa HapoagHas JemokpaTtunyeckas Pecnybnuka

B YHuBepCcUTET HayKkn 1 TexHonornm — Xoapu bymegmeH, dakynstet
rpaxgaHCKoro CTpoUTENbCTBA, abopaTopust CTPOUTENBCTBA B OKpY»KatoLLen
cpene, Amxup, Amknpckas HapogHas [lemokpaTudeckas Pecnybnuka

"YHuBepcuteT Amap Tenuoxu, kadeapa rpaxaaHcKkoro CTpouTenbcTsa,
nabopaTopusi uccnenoBaHvin B 06nacTu rpakaaHcKoro CTpomTenbCTBa,
Naryat, Amxupckas HapogHas [lemokpaTtuideckas Pecny6nuvka

PYBPUKA TPHTW: 67.09.33 BeToHbl. CTpouTeNbHbIE pacTBOPbLI, CMECH,
cocTaBbl
BWO CTATbW: opurmHansHas ctatbs

Peswome:

Bsederue/llenb: CamoyrnnomHsirouulicss pacmeop — 3mo crieyuarbHbIU
pacmeop, Komopblli obrnadaem meKydecmbio, OocmamoyHou Ons
coeluHeHuUs1 3a c4em cobcmeeHHo20 eeca be3 Heobxodumocmu 8
MexaHu4eckol subpauyuu. briaeodapsi smum ceolicmeam OH He3aMeHUM 8
CIIOXHbIX cmpoumerbHbIX pabomax u pemoHmax. B daHHOU cmambe
rnpogedeHo uccriedosaHue UCMOMb308aHUS  KUPMUYHO20 [1OpowKa 8
Kavyecmee 3aMeHbl UeMeHma 8 caMoyriiomHsirowjuxcs pacmeopax (SCM).
B cmambe g@HUMamernibHO U3y4eHO erusHue Ha obpabambieaemMocms,
MPOYHOCMb Ha CxXamue U Opyaue xapakmepucmuKuy.

Memodbi: B 0OaHHOM uccriedogaHuu MoOenupyemcsi COOMHOWeHUe
pasnuyHbIX rapamempos colepxaHusi KUPUYHO20 ropowiKa U e2o
pasmeribdeHHOCmMU ¢ 3¢hbghekmusHbIMU  ceolicmeamMu  pacmeopa.
ucronb3ysi MoOesu UCKycCmBeHHbIX HelpoHHbIx cemel (ANN).




Pesynbmambi: Pe3ynibmambl rioka3arnu, 4mo OobaeneHue KuprnuyHo20
ropouuka, 3ameHsieMo2o0 00 10% uemeHma, ynydwaem
obpabamsbigaemocmb, obecriequsasi ocedaHue (slump flow) e npedenax
om 306 do 309 mm u epems npoxoda Yepes 80pPOHKY om 4.8 3o 5.4 cekyHO.
lpuyem npoyHOCMb Ha Cxxamue Yepes 28 OHeli sapbupyemcsi om 45 do
60 Mrla. OdHako nipu 6oriee 8bICOKUX YpoBHsIX 3ameHbl boree 20%
ocedaHue cHusunocb 00 285 mm, epems rpoxoda 4Yepe3 BOPOHKY
yeenu4unock 0o 9 cekyHO, a MPOYHOCMb Ha Cxxamue yMmeHbLunack 0o 35
Mrla.

Bbigo0bi: VccriedosaHue Mokasano, 4Ymo KUPMUYHbBILU OPOWOK KakK
nepepabomaHHbIli Mmamepuan 8 SCM nepcriekmuseH He MoribKo Orst
CHUXeHUs1 8030elicmeusi Ha OKpyXaroulyto cpedy, HO U 07 yiyHWweHus
xapakmepucmuk. OOHako Hado y4umbigamb MOYHYIO OMMUMU3AUUI0
YPOBHSI 3aMeHbl C  UEsbio docmuxeHuss  banaHca  MexOy
obpabambigaemMoCcmbio U MPOYHOCMBIO.

Knouesbie  crioga:  KupnuyHbili  MOPOWOK,  caMOyrninomHsirowulics
pacmeop, uemeHm, obpabambieaeMoCmb, UCKYCCMBEHHbIE HEUPOHHbIE
cemu, ocedaHue, 8peMsi rpoxoda Yepe3 BOPOHKY, MPOYHOCMb Ha CxXxamue.

Kopuwwhere BeluTaukmx HeYpOHCKUX MpexXa y NpeauKTUBHOj aHanman
camo3bujajyher mantepa oja4yaHor UUrneHMM MNpaxom

3uH En An6uduH Najaanun 2, aymop 3a npenucky, Myxamed Caxpaym °, JyHuy
Onpay ¢, beHua beHabed ¢, Myxamed En azanu benkacem €

@ YHueep3umem bnuda1, Oderbere 3a epalie8UHCKO UHXerepcmeo, bnuda,
HapodHa [Jemokpamcka Penybnuka Amxup

% YHusepaumem bnudal, MHcmumym 3a apxumexkmypy u ypbarusam, bruda,
HapodHa [emokpamcka Penybnuka Amxup

¢ YHusep3umem Hayke u mexHosoauje ,Xyapu bymedujeH”, ®akynmem 3a
2palhe8UHCKO UuHXXeH-epcmeo, Jlabopamopuja 3a epadrby y XUEOMHOJ
cpeduHu, HapodHa [emokpamcka Penybnuka Amxup

¢ YHusep3aumem ,Amap Tenuhu”, Oderbere 3a epalje8UHCKO UHXeHepcmeo,
Jlabopamopuja 3a ucmpaxueare epaljesuHcKoz UHxerepcmea, Jlazyam,
HapodHa [lemokpamcka Penybnuka Amxup

OBJIACT: rpaheBunHapcTBO, MaTepujanu
KATETOPUJA (TWUM) YITAHKA: opurinHanHu Hay4Hu paj

Caxemak:

Yeod/yurb: Camosbujajyhu manmepu (SCM) nocedyjy eeoma Aobpy
criocobHocm meyversa wmo um omoeyhasa da ce KoHconudyjy camo rnod
dejcmeom coricmeeHe mexuHe, 6e3 mnompebe 3a MexaHUYKUM
subpayujama. Osa epcma Manmepa 8eoma je 3HaqajHa KOO CIIOXEeHUX
cmpykmypa u padoea Ha perapayuju. Y osom pady ce ucmpaxyje
Kopuwherse npawkacmux Yecmuuya yuerne ymecmo yemeHma y SCM u
OemasbHO ripoyyasajy echekmu Ha obpadusocm, yepcmohy Ha npumucak
u cee dpyeae rnepghopmaHce.

Laidani, Z.E.A. et al, Predictive analysis of brick powder-enhanced self-compacting mortar using artificial neural networks,

pp.993-1016



Memode: [llpednoxeHo ucmpaxueare MoOeslyje O00HOC PasIuUYUMuX
napamemapa, cadpxxaja yuasieHoz rnpaxa, Kao U Hez2oee puHohe, ca
pesynmyjyhum ceojcmeuma manmepa y3 rnomoh modesia geuimadykux
HEYPOHCKUX Mpexa.

Pesynmamu: Pe3ynmamu cy roka3anu 0Oa je Kopuwhere yuerneHoe
npaxa ymecmo 0o 10% uemeHma nobosbwano obpadusocm mako wmo
Je nocmuaHymo crniezaare pacripocmuparem (slump flow) od 306 do 309
MM U spemMe meydera Kpo3 niesak (funnel flow time) usmehy 4,8 u 5,4 ¢, npu
yemy je yepcmoha Ha npumucak buna y orniceay 00 45 0o 60 MPa HakoH
28 OaHa. Mehymum, npu 3ameHama eehum 00 20%, crieeame
pacrnipocmupar-em ce cMarbusio Ha 285 MM, epeme mederba Kpo3 Jieeak
ce noeehario Ha 9 ¢, a Yspcmoha Ha npumucak je onana Ha 35 MPa.
Sakrbyyak: Cmyduja ykasyje Oa uuerieHU rMpax, Kao peyukupaHu
Mamepujan, uma nepcriekmugy y npumeHama SCM He camo padu
CMarbUBarba ymuuaja Ha XXueomHy cpeduHy He2o U padu rnobosbuiagar-a
nepghopmaHcu, uako je nompebHO naxsbugo epuwumMuU ornmumu3ayujy
Hueoa 3aMeHe Kako 6u ce rnocmuana pasHomexa obpadusocmu U
ygpcmohe.

KrbyuyHe peuu: yueneHu npax, camosbujajyhu manmep, uemeHm,
0bpadusocm, selumayke HeypOHCKe Mpexe, crieaarbe pacrpocmupar-em
(slump flow), epeme npomoka Kpo3 nesak (funnel flow time), yepcmoha Ha
rpumucax.
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