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1. Introduction 
 

Soft computing is to exploit the tolerance for 

imprecision and uncertainty to achieve tractability, 

robustness and low solution cost (Shariati et al. 2013, 

Shariat et al. 2018, Tsai et al. 2019, Xu et al. 2020). While 

traditional hard computing refers to artificial intelligence 

(AI), soft computing refers to computational intelligence. 

As a disadvantage to hard computing, problems are 

infeasible and high cost with no or less effect on solution 

(Zhang et al. 2019c, Abedini et al. 2020b, Zheng et al. 

2020). In terms of measurements, a great perception change 

is that measurements are crisp, but perceptions are fuzzy. 

Individually or correlated, soft computing can provide 

flexible information processing to handle real life vague 

situations, such as Artificial Neural Networks (ANN) or 

Neural network (NN), Fuzzy Logic (FZ) and Evolutionary 

Algorithms (EAs) including Tabu Search (TS), genetic  
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algorithms (GAs), evolutionary strategies (ES), Simulated 

Annealing (SA), genetic programming (GP), Ant Colony 

Optimization (ACO) and Support Vector Machines (SVM) 

(Alam et al. 2020a, Li et al. 2020, Mousavi et al. 2020). due 

to the lack of raw materials and rapid use of energy sources, 

low-cost, efficient, and lightweight structures are highly 

demanded which require the awareness of optimization 

techniques. In other words, designing, analyzing, and 

solving nonlinear problems in civil engineering can be very 

difficult. In the last 20 years, soft computing models are 

considered effective tools to develop intelligent systems 

that align with resolutions to engineering shortcomings 

(Zuo et al. 2015, Zhang et al. 2020a, Zhang et al. 2020c). 

Researches have showed the abilities of soft computing 

models in prediction and processing of different features of 

concrete such as compressive-strength, pull-off adhesion 

and splitting tensile strength (Sun et al. 2018, Huang et al. 

2020a, Huang et al. 2020b). Thus, soft computing 

techniques such as FZ, NN and GA in working 

independently or correlated can use human cognitive 

behavior to gain cost effective solutions. Accordingly, this 

study has focused on ANN in various construction domains. 

Reviewing various articles, ANN could gain the highest 
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Abstract.  This paper is aimed to review the use of artificial intelligence (AI) algorithms in diverse civil engineering 

applications such as predicting and evaluating the different parameters of composite beams and shear connectors and 

determining the compressive strength of concrete. Also, the application of AI methods especially artificial neural network 

(ANN) in construction engineering and management including prediction and estimation, decision-making, classification or 

selection, optimization and risk analysis and safety has been thoroughly discussed. Furthermore, the integration of Artificial 

Neural network (ANN) with other soft computing methods, such as Backpropagation (BP), imperialist competitive algorithm 

(ICA), support vector regression (SVR), back-propagation neural network (BPNN), Genetic Algorithms (GA) and Multilayer 

feed forward (MLFF) has been reviewed. It has been reported that the combination of ANN with other intelligence algorithms 

leads to providing more accurate results. Moreover, the performance of ANN with other soft computing techniques, such as BP, 

BPNN, SVR, GA, ICA, and MLFF in various fields has been compared and ANN in many cases had superiority over other 

models. 
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application in construction projects and management, 

mainly in prediction, risk analysis, resource optimization, 

estimation, safety and productivity followed by decision-

making, classification or selection (Arabnejad Khanouki et 

al. 2010, Arabnejad Khanouki et al. 2011, Zuo et al. 2017, 

Ismail et al. 2018). For example, ANNs, Gene expression 

programming and Group method of data handling are used 

to envisage the compressive-strength of columns limited by 

fiber-reinforced plastic (FRP) (Abedini et al. 2020a, Sun et 

al. 2020a, Zhang et al. 2021). Results have typically 

predicted more effect of confining pressure maintained by 

FRP on the compressive strength of column (Mou et al. 

2019, Abedini et al. 2021, Bai et al. 2021). Therefore, soft 

computing approaches can be easily applied in parallel 

architectures that dramatically decline the processing time 

compared to other models in attaining similar outcomes.  

 

 

2. Artificial neural networks (ANN) 
 

ANN is a soft computing tool with a reasonable 

capability of human mind in pattern recognition started 

particularly in construction activities in late 1980s (Adeli et 

al. 1989) as a relationship between the input and output 

made through the training data to generalize the output for 

non-linear shortcoming in which experience, judgment and 

surrounding conditions are main properties with 3 layers 

including input layer with input neurons, hidden layer(s) 

with hidden neurons and output layer(s) with output neurons 

(Fig. 1) (Shariati et al. 2012b, Qi et al. 2019, Qi et al. 2020, 

Wu et al. 2020b).  

Each neuron of input layer is joined to each neuron in 

hidden layer, which are joined to each neuron in output 

layer. The number of neurons in each hidden layer and 

number of hidden layers could be one or more (Chelgani et 

al. 2010, Panda et al. 2014, Pazhoohan et al. 2019). 

Therefore, the number of input neuron(s), hidden neuron(s) 

and output neuron(s) maintain the architecture of network 

that initially is trained before ANN application. Indeed, 

network is trained by using different training algorithm(s) to 

reduce the error between the network and observed 

predicted variables (Shariati et al. 2011c, Shariati et al. 

2019d, Trung et al. 2019a, Shariati et al. 2020e). 

 

 

 

Fig. 1 Basic ANN architecture 

 

Later, this network is examined with an unseen dataset to 

check the accuracy of generated model, which is classified 

based on the passage information flow either in lateral 

directions (recurrent-network) or in forward direction (feed-

forward). Typically, 3-layer feed-forward or recurrent 

network(s) is sufficient in civil engineering practices 

(Shariati et al. 2012a, Safa et al. 2020, Shariati et al. 2020d, 

Shariati et al. 2020f).  

 

 

3. Artificial intelligence and neural network in civil 
engineering with few applications of ANN 
 

Artificial intelligence (AI) is used in research, design, 

and intelligent computer, while traditional models for 

optimizing and modeling complex structures need higher 

computing resources (Habibi et al. 2018a, Habibi et al. 

2018b, Huang et al. 2021, Jiao et al. 2021). Also, AI can 

offer great alternatives for effective problem resolutions in 

civil engineering (Sinaei et al. 2011, Jalali et al. 2012, 

Davoodnabi et al. 2019, Xie et al. 2019). According to (Jain 

et al. 2014), the first journal article in structural engineering 

using NN application was published by (1989), which has 

been followed by many researches in this field, majorly 

dealing with few pattern recognition types or learning 

problems. NN is trained to learn to do a task, especially for 

difficult-learn problems like image recognition and design 

in engineering (Mohammadhassani et al. 2013, 

Mohammadhassani et al. 2014a, Tahmasbi et al. 2016, Li et 

al. 2019, Luo et al. 2019). Most of NNs usage in civil 

engineering is on simple backpropagation (BP) training 

algorithm. NN popularity reason is the development of 

simple BP according to the gradient descent optimization 

technique (Zandi et al. 2018, Shariati 2020, Shariati et al. 

2020c, Shariati et al. 2020i, Rajaei et al. 2021). (Laflamme 

et al. 2009) have suggested an adaptive NN with Gaussian 

radial functions to map the behavior of civil structures 

controlled by magnetorheological dampers that is simulated 

by applying three earthquake types. (Lee et al. 2009) 

applied AI method of BP-NN to measure the failure of 

slope. The numerical results demonstrated the efficacy of 

ANN in slope failure’s evaluation regarding five factors 

such as daily rainfall, slope height, cumulative precipitation, 

strength of materials and slope gradient angle. (Xiao et al. 

2009) developed some ANN methods to simulate the 

resilient modulus of cryogenic rubbers, ambient and 

rubberized mixtures by 7 input values including materials as 

reclaimed asphalt pavement and rubber percentages like the 

rheological features of modified binders. The results have 

shown the superiority of ANN models to regression ones as 

easily used in a spreadsheet. (Flood 2008) investigated new 

generations of ANN models (in civil engineering) regarding 

the requirements in how their development might be 

proceed. Another study by applying one hidden layer non-

linearly parameterized NN and conjunct with a proportional 

derived controller has provided a direct adaptive control 

scheme for active controlling of a non-linear highway 

bridge. Respectively, the results have shown that this 

controller scheme is able to attain good response reductions 

in structure with no need for a clear expression of 
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