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Abstract

Concrete is an essential part of most construction works in civil engineering. The mix design of
concrete is usually specified in terms of prescription or performance-based approach. One of the most
important procedures is proportioning the concrete mix, which requires taking several safety
precautions to get the proper amounts of elements like cement, aggregate, water, and admixtures. The
current study offers a thorough analysis of the Artificial Neural Networks (ANN) Model's suitability
for approximating concrete design mix proportioning. The paper also investigates the research void
on machine learning algorithm optimization of concrete mix design. Four input parameters, including
cement, sand, coarse aggregate, and water, form the basis of the suggested ANN model. It is
anticipated that the suggested concrete mix proportion design will decrease the number of experiments
conducted in the field and the laboratory, save labor and material costs, and shorten turnaround times
while offering increased accuracy. The concrete design is expected to have higher durability and hence
is economical.

Keywords: Optimization, Artificial Neural Network, Concrete mix Design, Durability, Machine
learning Algorithm, Concrete mix.

INTRODUCTION

Sand, gravel, and cement are combined with a predetermined amount of water to create concrete.
That is among the primary building materials used to construct bridges, piers, docks, airport runways,
highways, dams, and both small and large buildings. The design of concrete mixes is an important and
complex topic that requires a thorough understanding and includes a broad variety of specific
challenges. The construction can be employed with reliability if concrete is obtained with the
appropriate strength and other utility properties. Concrete undergoes an irreversible process of
hardening and hydrating. Because of this, any errors in the design of the concrete mix will come at a
great cost to the investor, both during the building phase and when the structure is used later on due to
reduced durability. By definition, a mix of concrete is made of cement, water, coarse and fine
aggregate, usually strengthened with admixtures and additives to improve the properties of the
concrete, such as its strength, density, durability,
or workability. The concrete that is created from
the concrete mix is the end product. The cement
hydration process, which involves an exothermic
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Over the next few days, concrete hardens more and it supposed to be until, on day twenty-eight, it
reaches its maximum compressive strength. The amount of water needed by cement to fully hydrate is
between 20% and 25% of its mass, not including the water that becomes trapped in the pores. Power's
model indicates that for cement to properly hydrate, 42% of its weight must be water. The right
amounts of water, fine and coarse aggregate, and cement must be selected throughout the concrete mix
design process for the finished product to have the required qualities. Concrete mix ideas are being
developed at a continuous pace. The most widely used method of determining the necessary quantity
of primary ingredients has been around for a while and involves calculating the bending strength of
the concrete mortar. There are numerous drawbacks to these techniques and are labor-intensive. This
post will go over how to use a mathematical equation created by a machine learning algorithm to create
a concrete mix. The selected neural network architecture is described in the accompanying paper. A
sizable dataset of concrete mix recipes will also be input into the system. Lastly, we offer a
mathematical formula for figuring out concrete's compressive strength. The four input variables
utilized in the suggested method to calculate the compressive strength of concrete are the amount of
water, sand coarse aggregate, and cement. The behavior of concrete is not perfectly captured by the
aforementioned equation, which has boundary requirements. Nonetheless, it’s a step in the direction
of using machine learning techniques for designing concrete mixes. It can be used as a tool for a first
approximation of the present state of the concrete class. We wish to concentrate on estimating the
service life and durability of concrete mixes in our future study. To do this, concrete admixtures like
super plasticizers will play a crucial role. [8]

The formulation of standard concrete, also known as mix design, relies on established actual
connections made by way of prior encounters. Achieving the desired strength for a typical concrete
mix involves conducting multiple trials with varying mix proportions. Artificial Neural Network
(ANN) is a network comprising multiple nodes, or neurons, where the connections between these
neurons carry weights defining the relationship between input and output data. ANN serves as a
technique for addressing problems lacking known solution algorithms, and concrete mix design falls
into this category. The development of concrete, which traditionally involves numerous trials, is
inherently complex. The ability of ANN to establish relationships between input and output data can
be harnessed in order to ascertain different design parameters for both normal and high-performance
concrete. Leveraging ANN for mix of concrete development has the potential to reduce the need for
an extensive number of trials. To create an ANN model for mix of concrete design, a sufficient set of
mix proportions, including corresponding characteristic strength, water content, and fineness modulus
of aggregate, is necessary for training the neural network. Because of the absence of adequate data for
mix design, experimental mix design data corresponding to the mentioned characteristics has been
generated for ANN training. Subsequently, using this data, ANN modeling is conducted for concrete
mix design. [1]

LITERATURE REVIEW

In 1996, Anil K. Jain wrote a paper on "Artificial Neural Network," highlighting significant progress
in developing intelligent systems, some of which drew inspiration from biological neural networks.
Researchers from a range of scientific fields were actively engaged in designing of ANN to address
diverse challenges in the areas of associative memory, pattern recognition, prediction, and control, as
detailed in the accompanying "Challenging problems" sidebar. While conventional approaches existed
for tackling these issues, they often fell short in adaptability when confronted with tasks beyond their
specific domains. ANNs have become attractive substitutes that could help a wide range of
applications. The article aims to assist readers with limited or no knowledge of ANNSs in
comprehending related articles in the computer issue. It delves into the motivations behind ANN
development, elucidates the basic concepts of biological neurons and their artificial computational
models, outlines network architectures and learning processes, and introduces some of the most
commonly employed ANN models. [1]
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In 2000, I.A. Basheera authored a paper titled "Artificial Neural Networks: Fundamentals,
Computing, Design, and Application,” discussing the relatively recent computational tools known as
artificial neural networks (ANNSs). These tools have gained widespread use in addressing complex
real-world problems, and their appeal lies in distinctive information processing characteristics,
particularly their nonlinear nature, high parallelism, tolerance to faults and noise, and learning and
generalization capabilities. The purpose of the study is to introduce the reader to ANN-based
computing, often known as neurocomputing, and to offer ANN modelers a useful manual and tools for
ANN project creation. The paper briefly explores the history of neurocomputing evolution and its
connection to neurobiology. Expert systems and statistical regression are contrasted with ANNSs to
show the benefits and drawbacks of each. A comprehensive overview of various types of ANNs and
related learning rules is presented, with a specific focus on backpropagation (BP) ANN theory and
design. The paper outlines a generalized methodology for successfully developing ANN projects,
spanning from conceptualization to design and implementation. To address practical concerns, the
paper summarizes common problems encountered by BPANN developers during training, offering
insights into potential causes and remedies. In a practical application, BPANNs were employed to
model the microbial growth curves of S. Flexner. The developed model demonstrated reasonable
accuracy in simulating time-dependent growth curves affected by temperature and pH during both
training and testing. [2]

Tao Ji gave a presentation in January 2006 with the title "A Concrete Mix Proportion Design
Algorithm Based on Artificial Neural Networks." Five parameters were introduced in the paper: the
average paste thickness, the nominal and equivalent water-to-cement ratios, the fly ash-binder ratio,
and the grain volume fraction of fine aggregates, along with Modified Tourfar's Model. It was
demonstrated that these five parameters and the concrete mix proportion can be reciprocally
transformed when applying Modified Tourna’s Model. The paper highlighted that the behavior of
concrete, including strength and slump, is predominantly influenced by the mix proportion, now
characterized by the five parameters. To predict concrete strength and slump, the author constructed
models based on artificial neural networks (ANNSs). Additionally, the two prediction models were
reverse-deduced to get the calculation models for equivalent water-cementation and average paste
thickness. Proposing a concrete mix proportion design algorithm based on a departure from aggregates
to paste, a minimum paste content, Modified Tourna’s Model, and ANNSs, the paper aimed to
streamline the design process. The suggested algorithm is anticipated to reduce the need for trial and
error, resulting in cost, labor, and time savings. Concrete designed through this algorithm is expected
to exhibit lower cement and water contents, enhanced durability, and improved economic and
ecological effects. [3]

In 2009, Oludele Awodele authored a paper titled "Neural Networks and Its Application in
Engineering," which explores the significant role Neural Networks (NN) has played in advancing
various fields. The primary focus is on the applications of neural networks in engineering, particularly
in the domain of controls. The paper delves into the diverse architectures of NN, and the learning
processes associated with them, and provides a brief overview of the necessities for neural networks,
the training involved, and key algorithms utilized in their implementation. Neural network applications
in control engineering are covered in great detail; their applications in electrical, civil, and agricultural
engineering are also considered. The paper concludes by addressing limitations, and recent
advancements, and pointing out promising avenues for future research directions in the field. [4]

In 2010, Majid Al-gburi conducted a study focusing on the "Design of Concrete Mixes Using
Acrtificial Networks," wherein an artificial neural network model was developed for predicting the mix
proportions of concrete. The study utilized input parameters such as slump, the percentage of fine
aggregate in total aggregate content, fineness modulus of fine aggregate, maximum aggregate size of
coarse aggregate, and compressive strength. The outputs included cement, sand, gravel, and water
contents. The proposed concrete mix proportion design algorithm, outlined in the paper, is anticipated

© STM Journals 2024. All Rights Reserved S313



Review Paper on Concrete Mix Design Optimization Vadesswaram Sangeetha and P Poluraju

to streamline the process, reducing the need for trial and error, and leading to cost, labor, and time
savings. The system was trained and tested with 493 mixes selected from local data, with 443 used for
training and 50 for testing. In comparison to experimental local mixes, the results show that the
artificial neural network method predicts mix proportions accurately. [5]

In 2012, Yujun Zheng authored a paper titled "Artificial Intelligence in Civil Engineering," wherein
artificial intelligence (Al) is described as a field within computer science dedicated to researching,
designing, and applying intelligent computers. The paper emphasizes that conventional methods for
modeling and optimizing complex structural systems demand significant computing resources, and Al-
based solutions offer valuable alternatives for efficiently addressing problems in civil engineering. An
overview of recently created ideas and techniques for artificial intelligence applications in civil
engineering is given in this study. Neural networks, fuzzy systems, expert systems, reasoning, learning,
and classification are a few of them. It also discusses additional methods including simulated
annealing, knowledge-based engineering, firefly algorithm, chaos theory, and cuckoo search. The
paper's conclusion provides an overview of the achievements made possible by the use of artificial
intelligence in civil engineering, highlighting the major research trends in the field. [6]

In the 2013 paper authored by Ahsanul Kabir, the complexity, time consumption, reliance on
experience, and inherent uncertainty associated with concrete mix design are discussed. Typically,
achieving the desired strength involves depending on past experiences in the mix design process and
employing a trial-and-error approach. The final acceptance is contingent on quality control test results,
including water, cement, coarse aggregate, and fine aggregate, to ensure the desired strength is attained.
In response to these challenges, the paper proposes the use of an artificial neural network to predict
concrete mix ratios necessary for achieving the desired strength. To determine the mix ratio on a weight
basis, many parameters are used, including the strength after 28 days, the maximum size of the gravel,
the presence of air, the fineness modulus of the sand, the dry rod unit weight of the gravels, and the
water content ratio. The fine aggregate-to-cement ratio and coarse aggregate-to-cement ratio are used
to represent the expected mix ratios. [7]

In the 2014 paper authored by Sakshi Gupta, the concrete mix design process is characterized as a
method grounded in sound technical principles for appropriately proportioning ingredients. This paper
explores the practicality of employing an Artificial Neural Networks (ANN) Model for the
approximate proportioning of concrete mixes. The model integrates a trained backpropagation neural
network to learn from experimental data related to predicting 7, 14, and 28-day compressive strength.
The dataset encompasses 55 concrete mixtures. The ANN model proposed in the paper relies on five
input parameters: cement, sand, coarse aggregate, water, and fineness modulus. The envisioned
concrete mix proportion design aims to reduce the number of trials in both laboratory and field settings,
resulting in material and labor cost savings while also expediting the process. The anticipated outcome
is higher accuracy in mix design, leading to concrete with increased durability and economic benefits.

[8]

In the 2014 paper by Rama Shanker titled "Concrete Mix Design Using Neural Network," the
essential components of concrete, including cement, fine aggregate, coarse aggregate, and water, are
discussed. The objective is to achieve a concrete mix with specific properties by determining the
optimal proportions of these ingredients. Key factors influencing mix design include the concrete
grade, type of cement, and characteristics of aggregates such as size, shape, and grading. The
conventional concrete mix design method relies on empirically derived relationships between these
factors, but it has drawbacks, including the inability to consistently produce the desired strength,
complex calculations, and the need to refer to multiple tables for trial mix proportions. Additionally,
there is uncertainty in achieving the desired strength, especially below the target strength. To address
these challenges, the paper describes the preparation of numerous standard-grade concrete cubes, with
their 28-day strengths determined for various combinations of cement, fine aggregate, coarse
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aggregate, and water. An artificial neural network (ANN) was then developed using this data, where
the inputs to the ANN included the grade of concrete, type of cement, and characteristics of aggregates,
while the outputs were the proportions of various ingredients. The ANN was trained using a feed-
forward backpropagation model, and after validation, it demonstrated results with an error of a
maximum of 4 to 5%. This suggests that a specific type of concrete can be efficiently prepared from
given material properties, and the proportions of these materials can be rapidly assessed using the
proposed ANN. [9]

In the 2015 paper authored by Sourav Das titled "Prediction of Concrete Mix Proportion using ANN
Technique,” the concrete mix design process relies on empirical relationships and the engineer's
experience. To facilitate the training of the Artificial Neural Network (ANN) model, a database
comprising a substantial number of mix proportions for M25 grade concrete with Portland Pozzolana
Cement (PPC) is created. The input parameters for obtaining mix proportions of various ingredients
include Target Mean Strength, Workability measured through slump, Water-to-Cement (W/C) Ratio,
Specific Gravity of Cement, Sand, and Coarse Aggregate, along with the Grading Zone of Fine
Aggregate. Following the training process, the network's performance is validated using a set of five
mix proportions that were not part of the training data. The observed average percentage error is noted
to be 0.193%. In comparison with linear regression analysis, the paper concludes that the ANN model
proves to be more efficient in predicting concrete mix proportions. [10]

MACHINE LEARNING TECHNIQUES

In the arena of civil engineering, machine learning approaches provide creative answers to a range
of problems. By facilitating predictive modeling for structural health monitoring, they aid in the
detection of possible infrastructure breakdowns. Additionally, ML algorithms optimize construction
procedures, increasing productivity and cutting expenses. These methods help in the assessment of
landslide risk factors, the prediction of soil behavior, and the optimization of foundation design in
geotechnical engineering. Furthermore, machine learning improves environmental impact
assessments, supporting sustainable design principles. All things considered, ML is revolutionizing
civil engineering through enhanced decision-making, heightened safety, and the advancement of
sustainable infrastructure development.

The general idea of Machine Learning

Machine learning has experienced significant growth as a field of study in recent times. Four
machine learning algorithms—multivariable linear regression, support vector regression, decision tree
regression, and artificial neural networks—are used to create a concrete mix with properties. Support
vector regression serves as a straightforward baseline model that outperforms the multivariable linear
regression model. The authors generated decision tree models based on their intuition, while Artificial
Neural Network models resulted from extensive research in the field. This technology, falling under
the umbrella of artificial intelligence, encompasses various areas such as computer science, robotics,
and statistics. In practical applications, machine learning is utilized to develop systems capable of
learning from datasets, enabling them to identify patterns, relationships between variables, and
groupings that may be challenging with conventional approaches. In this perspective, learning can be
thought of as the execution of a complex algorithm. Artificial neural networks, commonly known as
ANN, stand out as one of the most favored machine learning techniques. [11]

Artificial Neural Networks (ANN)

The first artificial neural network, or neural network, developed in the 1940s (McCulloch and Pitts,
1943), but it has only been in the last few years that neural networks have become a new practical
alternative for dealing primarily with pattern recognition in a variety of sectors (Nelson et al., 1991).
A neural network is a network of many simple processors that are called units, nodes, or neurons. Each
of the units has a small amount of local memory. The units are connected by communication channels
that are called connections; each usually carries humeric data, called strengths or weights, encoded by
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any of various means. The units operate only on their local data and on the inputs they receive via the
connections. When training and self-organization are used to address an issue, the constraint to local
operations is frequently loosened. [13] Most of the problem solved in civil engineering using ANN are
predicting of behavior based on given experimental and theoretical results that are used as training,
testing and verification data.The most widely utilized kind of networks in civil engineering
applications are back-proportion neural networks (BPNNs), which use weights to map a set of input
parameters into output parameters via one or more hidden layers. [14] The relationship between the
input parameters and the output parameters is usually nonlinear. Although several activation function
are used to accomplish the mapping process, the sigmoid function and its variations are the most widely
used activation function in solving civil engineer problems. The main benefits in using neural networks
approach are that all of the behavior of the material can be presented within the unified environment
of neural network, and the NN based model is build directly from experimental data using the learning
capability of the neural network. ANN are clusters of neurons, which are also its basic unit. We can
consider an artificial neuron as a specific signal converter. The behaviour of artificial neurons, in a
sense, imitates the behaviour of neurons in the human brain. A primary example of ANN consists of
three layers, called as follows:

e The input layer;

e The hidden layer;

e The output layer.

The input layer consists of input variables and combines them with neurons from the hidden layer.
On the contrary, the output layer contains the target data to be obtained by the hidden layer. Therefore,
the whole process of learning happens in the hidden layer, where connections between neurons are
sought. Vast numbers of neurons can build a complex model, which would be unattainable with simple
architecture and so unobvious that it would be difficult to create a purely empirical formula. An
essential thing that neural networks do is a search for patterns, which is why examples best teach neural
networks. To teach a neural network how to solve a given problem, one must enter the input data into
it using the first layer and put data in the output layer as a given target to which the network is to strive.
Moreover, the input data can be adjusted by assigning weight to them, which can potentially represent
the importance of a given variable. The weight control mechanism is also part of the neural network
and is called the “learning rule”. One artificial neuron has miserable problem-solving capabilities.
Many neurons can be combined into more hidden layers, where layers pass the results to one another,
looking to reach the target value.

Utilizing Machine Learning to Predict Concrete's Compressive Strength

Designing a concrete mix entails selecting components and quantities in order to obtain certain
concrete properties. One of the most important characteristics for concrete performance is the
compressive strength of concrete, which determines the class of concrete. Durability and the
production process itself are also crucial factors that contribute to superior concrete performance. Poor
durability may contribute to a reduction in the building's service quality over time. Poor concrete care,
for example, might result in increased cracks and reduced concrete tightness when the production
procedure is incorrect.

The use of machine learning techniques, specifically ANN, to forecast concrete strength is evident
in scientific discourse and is constantly improving, making this a particularly progressive field.

Yeh et al. were the first to describe the topic in 1998, when they attempted to forecast the strength
of high-performance concrete utilizing seven input variables using linear regression and artificial
neural networks. Yeh et al. employed a large database in their research, but we believe they failed to
account for the specificity of concrete and used samples in their database that were still in the
developing phase, even three days old, which could substantially distort the results.
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Seung-Chang Lee then took up the problem, using a modular network structure composed of five
ANN. To increase prediction accuracy, the author applied an input neuron weighting technique in the
provided solution. He applied the parameter condensation technique to estimate the number of input
neurons. The author concludes that the strategies he employs, notably condensation and weighting
procedures, are effective in identifying the best performance network.

Utilizing a neural-expert system, as proposed by Gupta et al., is another intriguing method in this
regard for predicting the compressive strength of high-performance concrete. Theoretically, the neural
expert system architecture enables the database to be automatically constructed by learning from
sample inferences. For interval training patterns, this architecture often involves the usage of a multi-
layered neural network that has been trained using generalized back propagation. On the other hand,
patterns with unrelated inputs and outputs might be learned as a result. Furthermore, the input variables
in the Gupta et al. study have significantly different input metrics and correspond to aspects like curing
time rather than the quantities of the various components of the concrete mix. We believe that the
chosen input parameters may lead to inaccurate results and have no clear impact on the strength of
concrete. Dac-Khuong Bui et al. also tackled the topic of neural-expert systems, concentrating solely
on the real-world implementation of the previously mentioned expert approach.Fangming Deng et al.
used deep learning architecture to forecast the compressive strength of concrete. This study used
recycled concrete with the following five input variables: water-cement ratio, recycled coarse
aggregate replacement ratio, recycled fine aggregate replacement ratio, and fly ash replacement. They
used so-called deep characteristics, which refer to ratios rather than quantities of concrete mix
components. We took a similar technique in our investigation, incorporating feature scaling. They
employed Softmax regression to determine the appropriate prediction model. In the paper's results
section, they assert that the deep learning architecture they used is more efficient, generalizable, more
precise than typical ANNs. However, they do not provide sufficient evidence to back up their claims.
Convolutional networks are computationally expensive. This appears to be supported by a substantially
smaller number of samples (74) than in our study (741 records). However, with such a short dataset,
underfitting may occur, which indicates that the model does not fit the data well enough, reducing the
model's efficiency. Furthermore, Hosein Naderpour et al. demonstrate that ANN and Deep Neural
Networks (DNN) achieve equal levels of precision.

DESIGN A CONCRETE MIX MANUALLY

Mixture proportioning involves determining the quantities of concrete ingredients necessary to
achieve specified concrete characteristics. A properly proportioned concrete mix should exhibit
attributes like workability, durability, strength, and a consistent appearance. To attain these
characteristics, the engineer must establish the appropriate proportions of cement, water, and fine and
coarse aggregates. The selection of materials is critical for producing high-quality concrete on the
construction site. The engineer bears the responsibility of ensuring proper proportioning, placement,
mixing, and curing of the concrete. Theoretical calculations for mix proportions based on assumptions
and estimations may not yield accurate results for the actual ingredients. Therefore, laboratory trial
mixes and tests are conducted to check and adjust the proportions until a fully satisfactory mix is
achieved.[16]

Concrete mix proportioning is influenced by numerous factors, and the complex relationships among
them make it challenging to formulate mathematical models expressing their interactions. Adjustments
are typically made based on information from concrete quality control tests. Despite these efforts, it
remains impossible to eliminate personal, physical, and mechanical errors, and uncertainties
encountered in the environment. The purpose of this paper is to explore the construction of an ANN
model for concrete mix design. The goal is to minimize avoidable errors in concrete mix proportioning
and adjustments, acknowledging the inherent challenges posed by the environment.[15]

CONCRETE MIX DESIGN BY ARTIFICIAL NEURAL NETWORK
Concrete mix design is being revolutionized in the field of civil engineering by Artificial Neural
Networks (ANNs). An ANN can assess enormous volumes of data more effectively by simulating the
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human brain's learning process. This allows engineers to optimize mix ratios and increase concrete
properties including strength, workability, and durability. By lowering energy use and material waste,
this technology helps engineers design high-performance concrete mixes that meet the demands of
particular projects. It also promotes sustainability. An important development in concrete mix design,
ANNSs provide a more effective and sustainable method of constructing stronger and safer structures.

Mix ratio

The foundation for solving mix design challenges is practical knowledge, judgment, and the process
of trial and error. If a system can be built that can perform all of the functions as mentioned earlier
more efficiently, it will be a huge assist in solving mix design challenges. This is a major factor in the
decision to use artificial neural networks for more effective problem-solving. The coarse aggregate,
water, cement, sand, and fineness modulus were input values and compressive strength was the output
value. [12]

Input layer neuron Hidden layer neurons Output layer neuron

Cement

Information

Sand processing

Strength
neurons

¥

Coarse aggregate

Water

ANV

Fineness modulus

Fig.1 ANN for Mix Ratio Prediction [12]

ANN Training

In the training process, information is transmitted through the neural network, starting from the input
layer and progressing through each subsequent layer in a forward pass manner. Within this framework,
each neuron in the hidden layer receives input from neurons in the input layer, which are already
multiplied by the corresponding weights and then summed up; in certain instances, this sum is adjusted
by adding a bias. Subsequently, the result undergoes transformation through a transfer function before
being forwarded to the output layer, following the same set of procedures. By comparing the output
values with the target values, errors are computed. The training of the network essentially involves the
adjustment of weights between the connections of the neurons. [12]

ANN including

weights between

I ) Output Compare Target
nput »| neurons > 1 &

Error computations

h 4

f
I— Adjust

weights

Fy

Fig. 2 ANN's Training Procedure [12]
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Performance Evaluation

Data is employed to train the Artificial Neural Network (ANN) using Back-Propagation Algorithms
and is subsequently assessed for optimal performance. The effectiveness of the algorithms is measured
through four metrics: root mean square error, correlation coefficient, and mean absolute error.

Root Mean Square Error

The Root-Mean-Square Error (RMSE) is a commonly employed metric to assess the disparities
between predicted values from a model and the actual values. The RMSE index spans from 0 to
infinity, where 0 indicates a flawless match.

Correlation Coefficient (R)

The correlation coefficient assesses the statistical correlation between predicted and actual values,
with values ranging from +1 to -1. A coefficient of +1 signifies a flawless positive correlation, while
a coefficient of zero suggests the absence of a discernible relationship between the variables.

Mean Absolute Error (Mae)

The mean absolute error is a frequently employed metric for assessing the accuracy of predicted
values. It estimates the average size of mistakes over a group of projections, regardless of direction.
[12]

CONCLUSIONS
The use of Artificial Neural Networks (ANN) in predicting concrete mix proportions can indeed
offer several advantages, as outlined in the statements you provided:

1. Efficiency and Economy: Employing ANN techniques for predicting concrete mix proportions
can be efficient and economical. Traditional approaches frequently involve creating numerous
experimental mixes, which can be time-consuming and resource intensive. By utilizing ANN, the
need for extensive trial mixes, along with associated errors, labour, and time, can be significantly
reduced. This efficiency is especially important in construction projects when time and cost
reductions are critical.

2. Accuracy: ANN methods have the potential to provide more accurate predictions compared to
some local experimental methods This is because neural networks can learn complicated patterns
and correlations from a dataset and then make predictions based on that information. If properly
trained and validated, ANNs can capture nonlinearities and intricate interactions within the
concrete mix, leading to more precise predictions of mix proportions.

However, it's important to note that the success of ANN applications in concrete mix proportion
prediction depends on various factors, including the quality and representativeness of the training data,
the architecture of the neural network, and the expertise in model development. Additionally, local
conditions and specific project requirements may influence the suitability of ANN compared to other
methods. In practice, a combination of ANN predictions and traditional experimental methods, along
with expert judgment, is often employed to ensure the reliability of the mixed proportions. Moreover,
ongoing research and advancements in machine learning techniques may continue to enhance the
efficiency and accuracy of predicting concrete mix proportions using ANN.
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