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Abstract

The evolution of concrete strength prediction methodologies has transitioned from
empirical formulas based on experimental data to contemporary soft computing approaches.
Initially, the concrete mix design was reliant on simple relationships between concrete mix
proportions and compressive strength; later, the early techniques evolved to include statistical
models incorporating material properties, curing conditions, and environmental variables. The
advent of computational tools and artificial intelligence marked a paradigm shift, with accurate
concrete strength prediction crucial for influencing structural integrity, safety, and cost-
effectiveness in construction. The article explores empirical and analytical concrete strength
prediction models before reviewing the application of soft computing approaches such as fuzzy
logic, genetic algorithms, and neural networks. The integration of these models and hybrid
approaches is discussed in this research study by highlighting their effectiveness in handling
complex relationships within concrete mix parameters. A comparative analysis of various soft
computing methods applied to structural and non-structural elements is carried out in this study
to demonstrate their diverse applications and advantages in optimizing concrete mix designs,
enhancing structural performance, and contributing to cost and time efficiency in construction

processes.
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Soft Computing for Comprehensive Concrete Strength Prediction — A Comparative Study

1. Introduction

Concrete is an essential building material that plays a crucial role in construction
projects worldwide, serving as the backbone for infrastructure, buildings, and various other
structures. Comprised of a mixture of cement, water, aggregates (such as sand and gravel), and
additional materials, concrete has outstanding durability and versatility. The basic elements
involved in making concrete interact synergistically to create a material with excellent
compressive strength, durability, and resistance to several environmental aspects [1]. Figure 1
shows the basic components of a concrete. Predicting concrete strength is crucial in ensuring
the structural integrity and safety of constructions. Accurate strength predictions aid engineers
and builders in optimizing the design and usage of concrete, enabling them to plan more
efficiently and allocate resources carefully. This predictive ability enhances the overall
performance and long life of structures, thereby contributing to the sustainability and
dependability of the built environment.
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Figure 1. Basic Components of a Concrete [1]

The growth of concrete strength prediction techniques has witnessed a transition from
experimental methods to modern soft computing approaches. Initially, predictions were mainly
based on empirical formulas derived from experimental data. These early techniques relied on
basic relationships between concrete mix proportions and compressive strength. As technology
advanced, statistical methods were introduced to increase prediction accuracy. These statistical
models united factors such as material properties, curing conditions, and environmental

variables to refine predictions. However, limitations keep on due to the complexity of concrete
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behaviours. The development of computational tools and artificial intelligence marked a
significant shift in concrete strength prediction. Figure 1 shows the basic components included
in a concrete mixture. The accurate concrete strength prediction is essential in construction as
it directly impacts the structural soundness, safety, and cost-effectiveness of built
environments. By leveraging advanced prediction techniques, construction professionals can
make informed decisions that enhance the overall quality and performance of concrete

structures [2].

2. Concrete Strength Prediction Models
2.1 Empirical Concrete Strength Prediction Models

Empirical concrete strength prediction models [3, 4] involve the development of
mathematical formulations based on observed relationships between various factors and
concrete strength, using data collected from experiments and real-world scenarios. The
empirical models [5, 6] are not only dependent on theoretical principles but instead derive from
experimental data analysis. The process includes data collection on concrete mixtures,
formulation of a mathematical model connecting input variables with concrete strength,
validation of the model using separate datasets, modification based on validation results, and
application for predicting concrete strength in various situations. Commonly used in the
construction industry, these models [7] provide a practical and data-driven approach, helping
engineers and construction professionals in optimizing concrete mix designs and making

informed decisions about structural strength.
2.2 Analytical Concrete Strength Prediction Models

Analytical concrete strength prediction models [8, 9] involve the development of
mathematical equations based on theoretical principles and material properties to predict
concrete strength. These models naturally include essential concepts from materials science
and structural mechanism, considering factors such as the composition of concrete, curing
conditions, and the hydration process. Contrasting empirical models, analytical models depend
on a deeper understanding of the fundamental physics and chemistry involved in concrete
strength development. The process includes formulating mathematical equations based on

Journal of Soft Computing Paradigm, December 2023, Volume 5, Issue 4 419



Soft Computing for Comprehensive Concrete Strength Prediction — A Comparative Study

theoretical principles, and these models are often derived from a fundamental understanding of

the interactions between cement, water, and aggregate [10].

2.3 An Overview of Various Soft Computing Approaches used in Concrete Strength
Prediction

Figure 2 shows the implementation of soft computing approached used in predicting
the concrete strength. The concrete dataset is a collection of data related to various factors
influencing the strength of concrete. It includes information on ingredients like cement, water,
admixtures, as well as curing conditions, age, and other relevant parameters. The dataset serves
as the foundation for developing a predictive model for concrete strength. Data exploration
involves a thorough inspection of the concrete dataset to understand its structure, identify
designs, and gain awareness into the relationships between different variables. Data processing
includes cleaning, transforming, and preparing the dataset for model development. This step
involves handling missing values, standardizing mathematical features, encoding clear-cut
variables, and addressing any outliers. The goal is to ensure the dataset is in a suitable format
for training a soft computing model. Soft computing involves using computational techniques
to model and solve complex problems that are not easily solved with conventional methods. In
the context of concrete strength prediction, a soft computing approach might include the use of
fuzzy logic, neural networks. These techniques allow for the incorporation of uncertainty and
imprecision in the modelling process. After implementing the soft computing approach, it is
essential to visualize and analyse the results. Visualization techniques may include plotting
predicted versus actual concrete strength, generating heatmap of model outputs. Analysis
involves interpreting the model's performance, identifying any areas of improvement, and

understanding the impact of different input features on the concrete strength predictions.
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Figure 2. Implementation of Soft Computing Approaches in Concrete Strength
Prediction

3. Soft Computing Models

Soft computing models such as fuzzy logic, genetic algorithms, neural networks, etc.
plays a major role in enhancing the accuracy and efficiency of concrete strength prediction.
Soft computing models have the ability to handle imprecise and uncertain information, for
instance, these models can consider the diverse factors influencing concrete strength. Fuzzy
logic, for instance, enables the incorporation of linguistic variables, allowing for a more
realistic representation of the inherent vagueness in concrete mix parameters. Genetic
algorithms optimize the selection of input parameters and refine the model parameters through
an evolutionary approach, enhancing the model's adaptability to varying conditions. Further,
Neural Networks (NN) performs effectively in capturing complex non-linear relationships
from the raw input data to generate accurate predictions. The soft computing techniques have

the ability to enhance the concrete strength prediction models to handle the complexity and
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uncertainty associated with construction materials, leading to improved decision-making

processes in the construction industry.
Some of the potential soft computing models are explained in detail:
3.1 Artificial Neural Networks (ANN)

Artificial Neural Networks (ANNSs) [11] helps to predict the concrete strength by
collecting and analysing the complex and non-linear relationships between the given input
parameters and its strength outcomes. With its advanced data-driven learning capabilities,
ANNSs analyse the generated historical data to develop patterns and correlations to generalize
and make accurate predictions. Its flexible architecture helps to process the intricacies of
concrete strength prediction by automatically extracting the relevant features and handle
diverse conditions. The adaptability of ANNs to evolving datasets and real-time monitoring
makes them valuable tools for optimizing concrete mix designs and ensuring construction
processes align with predicted strength values. Additionally, the continuous improvement of
ANN performance with larger datasets positions them as effective solutions for the
construction industry's evolving needs in optimizing the concrete materials composition and

enhancing structural integrity.
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Figure 3. An Example Illustration of Implementing ANN for Predicting the

Compressive Strength of a Concrete [11]
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3.2 Fuzzy Logic Systems

Fuzzy logic plays a significant role in concrete strength prediction [12]. Fuzzy
frameworks can be developed to handle imprecise and uncertain information inherent in the
concrete mixing process. Generally, the concrete strength is influenced by different factors,
and their interactions are often complex and challenging to model precisely. In this context, the
Fuzzy logic denotes the complex features in terms of mathematical fuzzy variables and
incorporates the expert knowledge for enabling a more realistic and human-like approach for
data modeling. Nevertheless, in concrete strength prediction, fuzzy logic can be applied to
analyse the predictions generated for vague and subjective input parameters, such as the quality
of materials, curing conditions, and environmental factors. Fuzzy sets and rules help to
formalize the reasoning process, allowing the system to handle uncertainties and variations,
which mimic the human decision-making process. By combining fuzzy logic with concrete
strength prediction models, it becomes possible to create more robust and adaptive systems that
can better understand and process the real-world complexities of construction process by
ultimately improving the accuracy of strength predictions and assist in optimizing the concrete

mix designs.
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Figure 4. An Example Illustration of Implementing Fuzzy Logic for Predicting the

Compressive Strength of a Concrete [12]
3.3. Genetic Algorithms

Genetic algorithms (GAs) play a significant role in the field of concrete strength
prediction [13]. GA incorporates optimization mechanism to investigate the complex

influencing parameters. While considering the complex matrix of factors affecting concrete
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strength, GAs perform well by mimicking the principles of natural selection and enabling the
identification of the most impactful input variables through successive generations. This
optimization process is particularly valuable for determining the optimal concrete mix

proportions and conditions that lead to enhanced concrete strength outcomes.

Moreover, GAs can be applied to fine-tune the parameters considered by the prediction
models, such as those based on neural networks for enabling improved learning and
generalization capabilities. By efficiently exploring the parameter space and evolving
solutions, genetic algorithms contribute significantly to refining concrete strength prediction
models by ultimately facilitating more accurate and reliable assessments in the construction
industry.
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Figure 5. An Example Illustration of Implementing Genetic Algorithm for Predicting

the Compressive Strength of a Concrete [13]
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3.4 Hybrid Soft Computing Models

Hybrid Soft Computing models integrate multiple soft computing techniques and play
a crucial role in advancing the accuracy and robustness of concrete strength prediction. By
combining methods such as fuzzy logic, genetic algorithms, and neural networks, these hybrid
models harness the strengths of each component to overcome individual limitations, offering a
comprehensive and synergistic approach. Fuzzy logic allows for the handling of imprecise
information and linguistic variables, genetic algorithms optimize the selection and tuning of
model parameters, and neural networks capture complex non-linear relationships within the
data. The integration of these components enhances the model's ability to adapt to diverse and
dynamic conditions in the concrete mixing process resulting in more accurate and reliable

predictions.

Hybrid soft computing models are particularly effective in situations, where the
interactions between various factors influencing concrete strength are intricate and difficult to
model using a single approach. Their role in concrete strength prediction contributes to
optimized mix designs, improved decision-making in construction processes, and enhanced

structural performance.

4. Comparative Analysis

The Table.1 below shows the application of the soft computing methods in the

structural and the non-structural elements for concrete strength prediction

Table 1. Soft Computing in Structural and Non-Structural Elements.

Soft
Type of | Computing
Elements | Element | Method Used | Application Result Advantages
Artificial Strong
neural capability of
networks Bond prediction and
Structural (ANN) strength generalization | More Accuracy
Elements RC beams Better
strengthened | prediction Higher
with GFRP accuracy than | prediction
Beams Neuro-fuzzy bars the existing accuracy
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empirical and
numerical
models.
Constitutive
Behaviour of
CFRP- Better
Gp (Genetic confined RC | precision and Less cost and
programming) | beams [14] less errors time
Formatting the
dataset in the
Obtained a form of a single
model with input variable
Multiple linear | Accuracy higher and one output
regression testing [15] accuracy value
The structural
reaction of
rectangular
FRP-confined
To improve concrete
the weather columns
Artificial resistance, strengthened
neural strength, and | with elliptical | Accuracy and
networks durability steel tubes of better
(ANN) [16] high strength performance
Performance of
Proper the High level of
designing models have prediction
GMDH [17] been evaluated. | performance.
1. Analysis
programmes
used in civil
engineering as
A practical an Al module.
Adaptive design has 2. Can be
Neuro-Fuzzy been developed | applied in
Inference To estimate | for RC beams | designs using
Systems the shear with limited the 1d FIL
Columns | (ANFIS) strength [18] | flexibility. approach.
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The GBRT
method built
the prediction
Gradient model by
boosting Compressive | combining the
regression tree | strength of training and Less time and
(GBRT) concrete [19] | validation sets. | economic cost
Provides an
Artificial Improving innovative way
neural concrete to develop
networks mixture concrete Accuracy and
(ANN) design [20] mixes. low cost
The prediction
of the Higher
compressive accuracy,
Convolutional | Material strength from a | Reduced
neural property tiny database variability, and
networks prediction of concrete significant
Frames | (CNN) [21] mixtures. improvements
Covers several
structural
problems,
structural including
calculation structural Most
processes analysis and comprehensive
Neuro-fuzzy [22] design. and accurate
Investigated
the load-
bearing
Extreme capacity of
Learning Prediction puzzle and Simple
Machine models in clothoidal operation and
(ELM) accuracy [23] | dowels. time-saving
Setting up
concrete and | The train phase
FRCM showed
Adaptive sample, improved
Neuro-Fuzzy | bonding with | performance,
Inference adhesives, with lower Reduces waste,
Systems and tensile MAE, MAPE, | design costs,
Joints (ANFIS) testing [24] and RMSE and time.
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compared to
the test phase.

MRA and
Weibull
distributions
were applied to

Artificial predict the
neural strength of the
networks Compressive | DPFRC at high | Good prediction
(ANN) strength [25] | temperatures. accuracy
It was

discovered that
the duration of
the concrete is

the most
important
Predicting element,
Non- compressive | followed by
Structural XGBoost strength of cement and Faster and more
Element | Mortars | Regressor concrete [26] | water. cost-effective

5. Conclusion

In conclusion, this study has reviewed the evolution of concrete strength prediction
from empirical to sophisticated soft computing approaches, emphasizing the impact of those
approaches on construction industry practices. The detailed exploration of various soft
computing techniques, illustrated through concrete strength prediction models, establishes their
efficacy in optimizing mix designs and improving decision-making processes. The
hybridization of soft computing models has the ability to enable as a powerful strategy to
overcome individual limitations, providing a comprehensive approach to handle complicated
concrete mix parameters. The comparative analysis across structural elements demonstrated
the versatility of soft computing methods in predicting compressive strength, optimizing
designs, and improving overall construction efficiency. The adoption of these advanced
techniques signified a crucial advancement in construction practices, promote sustainability,

reliability, and efficiency in the built environment.
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