
Artificial Intelligence Techniques in Concrete | Encyclopedia.pub

https://encyclopedia.pub/entry/49891 1/6

Artificial Intelligence Techniques in Concrete
Subjects: Computer Science, Artificial Intelligence

Contributor: Fatima Alsaleh , Mohammad Bassam Hammami , George Wardeh , Feras Al Adday

Due to the speed of artificial intelligence (AI) techniques in solving engineering problems, there has been a

tendency to use these techniques in various fields of civil engineering, including designing construction materials

(concrete mixtures for example) or estimating their properties.  As it is hard to predict the compressive strength of

concrete due to the different nonlinearities inherent in the mixture designs, various concrete companies are

continuously looking to use new methods and technologies to predict the compressive strength. Such methods

include numerical modelling and artificial intelligence due to their advantages. 
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1. Introduction

To determine the strength of concrete mixtures using the traditional approach, the following steps are required: (1)

Identify the components of the mixture, such as the types and amounts of sand, gravel, cement, and auxiliary

materials. (2) Determine the correct amount of water to add to the mix, considering local evaporation factors. (3)

Implement the mix using appropriate procedures and steps, considering ambient temperature and humidity. (4) Fill

molds with the mixture according to the prescribed shapes and dimensions. (5) Allow the mixture to harden and

form a concrete base by leaving it inside the mold for 7 to 28 days. (6) Extract the concrete beam from the mold

and expose it to external forces using special testing devices to determine its compressive strength. (7) After

completing the experiments, remove any waste resulting from the examination process .

Due to the speed of artificial intelligence (AI) techniques in solving engineering problems, there has been a

tendency to use these techniques in various fields of civil engineering, including designing construction materials

(concrete mixtures for example) or estimating their properties. As it is hard to predict the compressive strength of

concrete due to the different nonlinearities inherent in the mixture designs, various concrete companies are

continuously looking to use new methods and technologies to predict the compressive strength. Such methods

include numerical modelling and artificial intelligence due to their advantages. These methods are efficient and

environmentally friendly, as there is no waste in the testing process. In addition, they are more economical since

there is no need for test means, test materials, or even laboratory employees. Moreover, these methods are

flexible since many parameters can be taken into consideration, along with the speed of their implementation. It is

crucial to accurately predict and evaluate the compressive strength of concrete mixtures, as it is one of the most

important features of concrete .
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Several recent studies focused on evaluating compressive strength using machine learning (ML) practices  which

involve regular, big, and complete information. However, collecting this information is restricted due to the lack of

data corresponding to the diverse input characteristics . The concept of utilizing particle swarm optimization

(PSO) begins by resetting particles within the search space randomly. Then, the particles construct upon their

previous successful attempts and those of their neighbors to discover the optimal particle state. This is achieved by

resetting the particle’s location and updating its velocity . Furthermore, the parameters of PSO can be easily

modified, making it suitable for a wide range of practical problems . In simpler terms, particle velocity in each

cycle is determined by three factors: (1) the particle’s current location, (2) the best location it has ever been, and

(3) the best location within the entire group. This concept is explained in greater detail in reference . PSO is a

widely used procedure in the field of Swarm Intelligence that relies on optimization . The goal of the optimization

process is to find the best possible solutions to specific problems while taking into account any relevant constraints

.

2. Artificial Swarm Intelligence in Civil Engineering

Concrete has several advantageous characteristics, including high wear resistance, low water permeability, and

good compressive strength, and it is widely used in civil structures . To maintain resident safety and

structure durability, construction engineers are mainly concerned with the quality of building materials, notably the

compressive strength of concrete. One typical method of evaluating the concrete’s other physical and mechanical

characteristics is measuring its compressive strength, which acts as a significant and trustworthy indicator of

whether or not a concrete mixture conforms with engineering design criteria . The process of precisely

measuring the compressive strength of concrete mixtures is difficult, time-consuming, and associated with multiple

problems . Although statistical and experimental models incorporate a lot of data from laboratory tests, the

results’ accuracy is still poor .

Artificial intelligence models (AIMs) have been proposed as an alternative method to address the challenges of

compressive strength prediction connected to the impact of various mixed design parameters . By

predicting the compressive strength of the concrete, a project’s time and expense can be reduced. As a result,

AIMs can be used to identify this important characteristic .

A mathematical model for estimating the compressive strength of concretes with additives was developed by

Kandiri et al.  using an artificial neural network (ANN) technique. In the testing phase, the proposed model

showed acceptable accuracy with a mean absolute percentage error of 11.10%. Ngo et al.  used artificial neural

networks (ANNs), support vector regression (SVR), linear regression (LR), and M5P techniques for the prediction

of axial strength in circular steel tube confined concrete columns. The authors outlined key distinctions between the

techniques and concluded that the M5P was the best artificial intelligence (AI) model for predicting experimental

results when compared to others. Goutham and Singh  used support vector regression (SVR) to predict the

compressive strength of concrete. By comparing the analytical results with those of a non-destructive test, the

authors concluded that SVR can be successfully used to predict the compressive strength of concrete.
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Using four artificial intelligence models (AIMs), namely ICA-XGBoost, AIM ICA-ANN, ICA-SVR, and ICA-ANFIS,

Duan et al.  evaluated the compressive strength of concrete made by recycled aggregates. The ICA-XGBoost

model is the best one for determining the compressive strength of concrete, according to the findings. According to

the authors, the proposed method can be used to verify that recycled concrete has the required mechanical

characteristics in structural engineering .

Another study by H. N. Muliauwan et al.  determined the most exact Input/Output (I/O) connections between the

components of concrete mixtures by employing many AIMs. The three AIMs employed in this investigation were

support vector machines, linear regression, and artificial neural networks. The simulation’s results using roughly

1030 compressive strength test values demonstrated that AIMs can facilitate the development of precise predictive

models for concrete properties without the need for substantial expenditures on costly laboratory experiments.

Using six different types of AIMs, Cihan  employed AI to forecast the compressive strength of concrete. The

adopted techniques were linear regression, classification and regression trees, K-nearest neighbor and extreme

learning machine, adaptive neuro-fuzzy inference system (ANFIS), random forest, and SVR. The correlation factor,

absolute mean error, root mean squared, and mean were used as standards to evaluate the efficiency of these

approaches. Comparative results showed that the ANFIS outperforms the competition as a prediction model. The

findings of the random forest model were nearly identical to those of the ANFIS, while the classification and

regression tree had the lowest level of correctness. To estimate compressive strengths, Nafees. et al.  used

three models namely genetic programming (GEP), ANFIS, and MLPNN that is a form of ANN. The results of the

study showed that GEP models for data predictions are more precise than machine learning (ML) and that a new

mathematical formula might be created and utilized to estimate additional database properties. The strength of

lightweight concrete was predicted by Kumar et al.  using six machine learning algorithms: GPR, EL, SVMR,

enhanced SVMR and GPR, and ensemble learning (EL). The results of this research showed that the optimized

GPR model had the greatest accuracy. Furthermore, the improved GPR and SVMR models showed excellent

behavior. K. Nasrollahzadeh and E. Nouhi, 2016 , applied the fuzzy inference model to improve a new precise

procedure and to evaluate the square concrete columns’ strength and strain subjected to a vertical load

strengthened by fiber polymer wraps. An experimental compressive strength of 261 and a crucial experimental

strain of 112 were gathered from the previous studies. The outputs of the finally proposed (Takagi–Sugeno) fuzzy

inference models were well agreed with the experimental data of both strain and strength .
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