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1. Introduction 
 

There are initial methods that construction and building 

experts can enhance energy effectiveness by applying extra 

designs and construction models that decrease the cost of 

project, duration, design and labor expenses beside the 

internal saving energy say heating, cooling, ventilation and 

lighting energy consumption (Ma et al. 2021, Zhao et al. 

2021, Hou et al. 2021, Huang et al. 2021c, d, Jiao et al. 

2021, Liu et al. 2021d, Moradi et al. 2021, Xu et al. 2021b, 

Yu et al. 2022). Effective energy is highly progressing as a 

significant issue in the world because of the relation 

between the growing energy demand(s), global warming 

and greenhouse gas emissions (Hashemi et al. 2019, Al-

Furjan et al. 2020e, o, q, s, Bai et al. 2020, Cheshmeh et al. 

2020, Li et al. 2020b, Lori et al. 2020, Najaafi et al. 2020, 

Shariati et al. 2020c, Zhang et al. 2020b, Guo et al. 2021b, 

Liu et al. 2021a). A huge part of energy usages in 

construction projects is related to the mechanical part 

applied in earthworks, lifting, transportation, levelling and  
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compacting and mixing as the embodied energy in materials 

extraction (Liu et al. 2020a, Wang et al. 2020b, Zhou et al. 

2020, Dai et al. 2021a, Guo et al. 2021a, Shao et al. 2021, 

Wu and Habibi 2021). The knowledge of processes and 

activities using huge energy is highly essential to define the 

energy usages in construction procedures. Transportation, 

hoisting, demolition, and excavation are among the 

processes using high amounts of energy in construction 

projects (Habibi et al. 2016, 2018a, b, 2019b, d, e, Ebrahimi 

et al. 2019a, Esmailpoor Hajilak et al. 2019, Li et al. 2019b, 

Pourjabari et al. 2019, Safarpour et al. 2019a). 

Despite the high use of concrete in construction, 

concrete faces with a weakness in tensile strength and shear 

resistance (Habibi et al. 2017, 2019a, c, Safarpour et al. 

2018, 2019b, 2020, Alipour et al. 2020, Ebrahimi et al. 

2020a, Ghazanfari et al. 2020, Chen et al. 2022). In this 

case, few researches were done while cast additional focus 

on the reinforced concrete’s components. Beside all, fibers 

could absorb the researchers’ attention as an improvement 

potential to the concrete’s mechanical properties e.g., 

vitreous, steel or carbon and synthetic are considered as 

common fibers mixed into concrete to improve the 

properties of concrete (Shariati 2008, Hamidian et al. 2011, 

Shariati et al. 2011c, 2019b, Toghroli et al. 2017, 2018, 

2020, Li et al. 2019a, Hosseini and Toghroli 2021, Mehrabi 
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Abstract.  The application of fibers in concrete obviously enhances the properties of concrete, also the application of natural 

fibers in concrete is raising due to the availability, low cost and environmentally friendly. Besides, predicting the mechanical 

properties of concrete in general and shear strength in particular is highly significant in concrete mixture with fiber 

nanocomposite reinforced concrete (FRC) in construction projects. Despite numerous studies in shear strength, determining this 

strength still needs more investigations. In this research, Adaptive Neuro-Fuzzy Inference System (ANFIS) have been employed 

to determine the strength of reinforced concrete with fiber. 180 empirical data were gathered from reliable literature to develop 

the methods. Models were developed, validated and their statistical results were compared through the root mean squared error 

(RMSE), determination coefficient (R2), mean absolute error (MAE) and Pearson correlation coefficient (r). Comparing the 

RMSE of PSO (0.8859) and ANFIS (0.6047) have emphasized the significant role of structural parameters on the shear strength 

of concrete, also effective depth, web width, and a clear depth rate are essential parameters in modeling the shear capacity of 

FRC. Considering the accuracy of our models in determining the shear strength of FRC, the outcomes have shown that the R2 

values of PSO (0.7487) was better than ANFIS (2.4048). Thus, in this research, PSO has demonstrated better performance than 

ANFIS in predicting the shear strength of FRC in case of accuracy and the least error ratio. Thus, PSO could be applied as a 

proper tool to maximum accuracy predict the shear strength of FRC. 

Keywords:  ANFIS; FRC; PSO; shear strength 
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et al. 2021). Since 1972, It was noted that steel fibers (SFs) 

should replace the conventional shear reinforcement 

methods in reinforced and pre stressed concrete (Ferrara 

and Meda 2006, Zhang et al. 2019b). Therefore, SFs have 

been applied to control the plastic shrinkage and drying in 

concrete. Based on literature, adding fibers in concrete 

highly decrease the cracking, ductile behavior, flexural 

toughness and tensile strength, absorbing energy capacity 

and the enhancement of shear behavior. In this case, FRC 

usage is commonly seen in different construction projects as 

the slabs of concrete sewer pipes, large industrial buildings, 

upper layers and tunnel shells (Lantsoght 2019, Abedini et 

al. 2020). Regardless of the merits of FRC, the design of its 

structures still faces complications because defining the 

critical shear capacity by traditional models is difficult. Few 

studies have been performed on FRC, investigating the 

shear strength capacity. Ö zcan et al. has experimented few 

tests and used finite element model (Ebrahimi et al. 2019b, 

c, 2020b, Hashemi et al. 2019, Moayedi et al. 2019, 2020a, 

b, Mohammadgholiha et al. 2019, Mohammadi et al. 2019, 

Habibi et al. 2020, Oyarhossein et al. 2020, Shariati et al. 

2020a, b, Shokrgozar et al. 2020) by ANSYS software 

(Version 15) to investigate the final FRC beams’ behavior. 

Additionally, a mechanical based equation was proposed for 

predicting the shear strength of FRC through the 

slenderness proportion. Many shear tests have been 

performed on prismatic beams toward FRC (Hanai and 

Holanda 2008, Sun et al. 2019). Generally, many 

experimental formulations were provided to predict the 

FRC shear strength in past few decades (Mohammadhassani 

et al. 2013b, 2014a, Heydari and Shariati 2018, Shariat et 

al. 2018, Luo et al. 2019, Xie et al. 2019). Whilst, there is 

an essential discrepancy between the prediction 

formulations and existing empirical outcomes because of 

the uniformity and accuracy of the proposed equations 

(Arslan 2014). Additionally, mechanical simulations or 

laboratory tests could be used in confined cases because 

empirical tests are high cost and time-consuming, then 

predicting these strength needs a robust numerical method 

(Shariati et al. 2011b, 2019a Sinaei et al. 2011, Shahabi et 

al. 2016, Khorramian et al. 2017) for better and quicker 

results like learning (ML) models. 

Nowadays, the use of concrete aggregates is common, 

then the strength of individuals in the plan and conduct of 

shear strength is an imperative issue in auxiliary outline 

(Adamian et al. 2020, Al-Furjan et al. 2020c, d, Li et al. 

2020c, Liu et al. 2020b, Zare et al. 2020, Dai et al. 2021b, 

Habibi et al. 2021, He et al. 2021, Huang et al. 2021b, Liu 

et al. 2021b, Zhang et al. 2021b). There are a few methods 

in concrete auxiliary individuals (Zhang and Wang 2019). 

Shear disappointment is a standout among the most 

important disappointment’s models due to the delicacy of 

concrete structures. Thus, Reinforced Concrete (RC) are 

used against the shear disappointment (Shariati et al. 2011a, 

2019e, Nosrati et al. 2018, Ziaei-Nia et al. 2018, 

Milovancevic et al. 2019, Sajedi and Shariati 2019, Trung 

et al. 2019a, Afshar et al. 2020). Few researches have been 

done recently for prediction the shear capacity (V) of RC. 

Bresler and Scordelis offered a method to delineate the RC 

shear behavior (Bresler and Scordelis 1963, Abedini et al.  

 

Fig. 1 Fiber reinforced concrete 

 

 

Fig. 2 ANFIS architecture 

 

 

2019). Zsutty by combining the statistical regression 

analyses and dimensional methods has tried to provide a 

technique to compute the RC beams strength. Based on the 

related studies, some components as size effect significantly 

affect the shear strength, which is raised by the steel plates 

usage (Shioya and Kawasaki 1985, Adhikary et al. 2000). 

Shear strength requires more care for having adequate shear 

potential for deep beams with web opening. Zhang et al. has 

investigated the RC shear, while others have studied the 

parameters’ impact on the shear strength of RC beams 

exposed with FRC (Al-Rousan and Issa 2016, Zhang et al. 

2016, Fayez et al. 2019, Yin and Zuo 2020, Feng et al. 

2021, Shi et al. 2022). Align with Lisantono et al. (2017), 

Coo and Pheeraphan (2016) have investigated the impact of 

limestone powder and fly ash on the shear strength of FRC, 

showing that using this can decrease the shear strength. Yoo 

and Yang (2018) has reported the impact of some factors as 

the size of beam or steel fiber on the shear strength of RC 

beams. Kristiawan et al. (2017) has studied the shear 

failures in RC beams patched with polyester resin mortar 

with no web reinforcements, showing that these beam are 

sensitive after diagonal crack propagates with a weak shear. 

Lu et al. (2018) has used prediction methods for RC beam 

shear with corrosion damages. The flexural shear strength 

of RC beams with diverse crumbed rubber proportions were  
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Fig. 3 Steel fiber reinforced concrete 

 

 

Fig. 4 Glass fiber reinforced concrete 

 

 

studied. Artificial intelligent (AI) models was applied to 

compute the shear strength of FRC concrete, resulting the 

outstanding performance of soft computing models. 

AI models could learn, set goals, solves the defects, find 

new solutions and unknown behaviors without extra help 

from other models. All has used various assumptions with 

its own limitations. Being flexible and global predictor of 

performance developed and fitted into the data are the key 

parameters of machine learning (ML). Understanding the 

role of complexity and nonlinearity in the global prediction 

of performances is one of the key complications in ML (Li 

et al. 2020a, Wang et al. 2020a). In this research, two 

nonlinear methods as ANFIS and PSO were used to show 

their potential in learning of various performances. 

Complex nonlinear models generally show an infinite 

diversity of dynamical performances and functions that is 

applied in engineering, science and physical systems for 

robust, adaptive behaviors and operations. Accordingly, 

Fuzzy Logic concept (near to human perception capability 

due to its usages of linguistic terms) allows the membership 

degrees to the variables (Xu et al. 2018, Wu et al. 2020). In 

fuzzy logic, various input sets are verified based on if-then 

rules that help to optimize the outputs much closer to the 

target outputs (Al-Furjan et al. 2020a, b, g, f, h, i, j, k, l, m, 

n, p, r, t, u, v, 2021a, b). ANFIS was originally presented by 

Jang in 1993 and building the optimum results for the 

system needs more experience (Jang 1993). ANFIS as a 

simple data learning applies Fuzzy Logic to change the 

inputs into a favored output by a highly interconnected 

information connections weighted and Neural Network 

(NN) for mapping the inputs into one output. ANFIS is the 

combination of two ML (Fuzzy Logic, NN) into one model 

to tune the Fuzzy Inference System (FIS) parameters (Jang 

1993, Mansouri et al. 2016, Sedghi et al. 2018b, Shariati et 

al. 2019d, f, Trung et al. 2019b, Yazdani et al. 2020). 

ANFIS performs great if it uses 1) IF-THEN rules to 

explain the complex system’s behavior 2) without human 

interference and easy implementation, 3) enabling the fast 

and accurate learning, 4) offering favored data set 5) higher 

selection of membership functions to use 6) good 

description of facilities by fuzzy rules 7) strong 

generalization capabilities and 8) easy incorporation of 

numeric and linguistic knowledge to solve the problems 

(Mohammadhassani et al. 2013a, Toghroli et al. 2014, 

2016, Safa et al. 2016, 2020, Sadeghipour Chahnasir et al. 

2018, Sedghi et al. 2018a, Katebi et al. 2019, Shariati et al. 

2020e, g). 
As evolutionary computational algorithm and population 

based optimizer, Particle swarm optimization (PSO) 
depends on the swarm’s intelligence, proposed by. At first, a 
set of potential solutions is randomly initialized in PSO that 
is followed by looking for the optimum repetitively 
(Mohammadhassani et al. 2014b, Shariati et al. 2019c, 
Shariati et al. 2020d, Shariati et al. 2020f, Shariati et al. 
2021). By following the best particles in PSO algorithm, the 
optimum position is gained. PSO has profound an easy 
intelligent background compared to the evolutionary 
algorithms (EAs). PSO is commonly used in real and life 
science shortcomings as the optimization and evolutionary 
computing etc. According to, PSO under the family of 
swarm intelligence group is for solving global optimization 
shortcomings while basically proposed as a social behavior 
model, adding that it was initially offered as optimization 
model in 1995. Indeed, PSO is related to the theories of 
simulation of social behaviors, swarming and EAs. 
Regarding the benefits of PSO, its implementation is easy, 
low cost and needs low speed and low memory for CPU, 
also doesn’t need data about the objective performance, but 
requires its variable (Zhang et al. 2018). Unlike other EA’s 
difficulties, PSO is proved as an impressive model to solve 
diverse global optimization defects. 

 

 

2. Problem statement 
 

Understanding the shear strength of concrete is 

important to the design of FRC and sustainability in 

construction projects (Huang et al. 2021a, Ning et al. 2021, 

Zhang and Tang 2021, Zhao et al. 2021a, Zhang and 

Abedini 2022). Predicting this strength in experimental tests 

needs more time and high expenses, besides that gathering 

the raw data is highly difficult and not feasible (Liu et al. 

2021c, 2022, Lu et al. 2021, Luo et al. 2021). However, 

using soft computing could predict this faster and more 

accurate with the least error percentages (Xu et al. 2021a, 

Zhang et al. 2021a, Ma et al. 2022, Xiao et al. 2022). Thus, 

this research by the use of PSO and ANFIS has tried for 

prediction of the shear strength of FRC. 

 

2.1 Methodology 
 
2.1.1 Materials 
180 empirical datasets have been collected on FRC from 

the reliable literature comprising the input values of fiber 

information, concrete mixtures and one output values as the 

final shear strength of concrete. 
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2.1.2 ANFIS 

ANFIS as a sub-family of ANN carries the advantageous 

principles of NN and fuzzy logic. ANFIS developed by Jang is 

to define non-linear components, predict chaotic time series and 

to model non-linear functions. According to Takagi–Sugeno 

fuzzy inference system (IF-THEN rules), ANFIS could construct 

an input-output mapping and is popular, regarding its 

advantages, such as rapid learning, adaptation capability and 

able to gain the nonlinear structure of a procedure. Regarding 

ANFIS with five layers (Fig. 5), its central core is a FIS. The first 

layer gains inputs (x and y in Fig. 5) while, through the 

membership functions (MFs), converting them to fuzzy 

variables (Zhang et al. 2019a, 2020a).  

The rule base includes two fuzzy IF-THEN rules of Takagi’s 

and Sugeno’s type: 

𝑹𝒖𝒍𝒆 𝟏: 𝑖𝑓 𝑥 𝑖𝑠 𝐴1 𝑎𝑛𝑑 𝑦 𝑖𝑠 𝐵1, 𝑡ℎ𝑒𝑛 𝑓1

= 𝑝1 𝑥 + 𝑞1 𝑦 + 𝑟1, 
𝑹𝒖𝒍𝒆 𝟐: 𝑖𝑓 𝑥 𝑖𝑠 𝐴2 𝑎𝑛𝑑 𝑦 𝑖𝑠 𝐵2, 𝑡ℎ𝑒𝑛 𝑓2

= 𝑝2 𝑥 + 𝑞2 𝑦 + 𝑟2, 
In 1th layer, each node is chosen as an adaptive node with a 

node function, 

𝑂𝑖
1 = 𝜇𝐴𝑖(𝑥) (1) 

Usually, bell-shaped membership functions are applied in 

ANFIS because these functions have a great potential in onlinear 

data regression. A bell-shaped membership parameter with the 

highest value of 1 and the least value of 0 is as Eq. (3). The first 

layer’s parameters are named premise parameters. 

𝜇(𝑥) = 𝑏𝑒𝑙𝑙(𝑥, 𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖) =
1

1 + [(
𝑥−𝑐𝑖

𝑎𝑖
)

2

]
𝑏𝑖

 

{𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖 , 𝑑𝑖 = parameters set 

𝑥 = input 

(2) 

The 2nd layer multiplies the incoming signals while 

transferring their output to the next layer e.g., 

𝑤𝑖 = 𝜇𝐴𝑖(𝑥) × 𝜇𝐵𝑖(𝑦),    𝑖 = 1, 2. (3) 

Each output of the nodes shows a rule’s firing strength. In 3rd 

layer (rule layer), the 𝑖𝑡ℎ node firing strength of rule to those of 

the other nodes is calculated as 

𝑤𝑖
∗ =

𝑤𝑖

𝑤1 + 𝑤2

             𝑖 = 1, 2. (4) 

normalized firing strength as the outcomes 𝑤𝑖
∗  

In defuzzification layer (4th layer), each node has a node 

function as eq. (6): 

𝑂𝑖
4 = 𝑤𝑖

∗𝑓𝑖 = 𝑤𝑖
∗(𝑝𝑖𝑥 + 𝑞𝑖𝑦 + 𝑟𝑖) (6) 

In output layer (5th layer), the overall output is computed by 

summing all the incoming signals as Eq. (7): 

𝑂1
5 = 𝑓 = ∑ 𝑤𝑖

∗𝑓𝑖

𝑖

 (7) 

A threshold variable between the output and real variable is 

set in this process. Later, the consequent parameters are gained 

by the least-squares model and one error for each data is 

achieved. Premise parameters are updated through a gradient 

descent method, if this variable is greater than the considered 

threshold. The procedure is kept on up to when the error is lower 

 

Fig. 5 Five layers of ANFIS 
 

 

than threshold because of the simultaneous using of two 

algorithms as the least squares and gradient descent algorithms 

(hybrid algorithm) (Hu et al. 2020, Zhang et al. 2020d). 

  

2.1.3 Particle swarm optimization (PSO) 
The optimization model, PSO is delineated in 6 steps: 

1. A set of random possible solutions is defined as the 

searching space. Assuming that 

 
Both is applied as the random of “velocity”  (𝑣𝑖𝑘) 

 and “position” ( 𝑋𝑖
𝑘) of 𝑖𝑡ℎ particle at iteration k as Eqs. (8) 

and (9) (Singh et al. 2011, Ran et al. 2020). 

𝑣𝑖
𝑘(𝑡 + 1) =  𝑤𝑣𝑖  

𝑘 (𝑡) + 𝐶1. 𝑟𝑎𝑛𝑑 ( ) (𝑝𝑖
𝑘(𝑡) − 𝑋𝑖

𝑘  (𝑡))

+ 𝐶2. 𝑟𝑎𝑛𝑑 ( ) (𝑔 𝑖
𝑘(𝑡) − 𝑥𝑖

𝐾  (𝑡)) 
(8) 

𝑥𝑖
𝐾  (𝑡 +  1) =  𝑥𝑖

𝐾  (𝑡) +  𝑣𝑖
𝑘(𝑡 + 1) 1 ≤  𝑖 ≤  𝑁, 1 ≤  𝑘 ≤ 𝐷 (9) 

2. Measuring each particle’s fitness in the swarm 

3. Compare each particle’s fitness to its prior best achieved 

fitness 𝑝𝑖
𝑘 in every iteration (Zhang et al. 2020c, Zhao et al. 

2020). If the existed parameter is better than  𝑝𝑖
𝑘 , then 𝑝𝑖

𝑘 is 

gained as the existed value and 𝑝𝑖
𝑘  positon as the existed 

position in d-dimensional space. 

4. Compare the 𝑝𝑖
𝑘  of particles with each other and 

updating the swarm global best position with the most fitness 

𝑔 𝑖
𝑘. 

5. Each particle’s velocity is changed to its 𝑝𝑖
𝑘  and 𝑔 𝑖

𝑘 

(Yang et al. 2015, Huang et al. 2019). In the solution space, a 

new location is computed for each particle by adding a new 

velocity value to each component of the particle’s position 

vector. 

6. Repeat steps (2)-(5) till the convergence is gained on the 

basis of appropriate parameter. 
 

 

3. Results 

 

The two algorithms were developed and their outcomes 
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Fig. 6 Architecture of PSO 
 

 

were compared in this research. These methods include an 

ANFIS and PSO. Figs. 5 and 6 briefly show the flowchart 

of the models. 

 

3.1 Model performance indicators 
 

To measure the algorithms’ performance, 30% of data 

was applied in testing phase and 70% in training phase. All 

data were randomly and individually selected. The 

measurement indicators were determination coefficient 

(𝑅2), (RMSE), (r), and (MAE): 

𝑟 =
𝑁(∑ 𝑂𝑖 . 𝑃𝑖

𝑁
𝑖=1 ) − (∑ 𝑂𝑖

𝑁
𝑖=1 ). (∑ 𝑃𝑖

𝑁
𝑖=1 )

√(𝑁 ∑ 𝑂𝑖
2 − (∑ 𝑂𝑖

𝑁
𝑖=1 )2)𝑁

𝑖=1 . (𝑁 ∑ 𝑃𝑖
2 − (∑ 𝑃𝑖

𝑁
𝑖=1 )2)𝑁

𝑖=1

 (10) 

𝑅2 =
[∑ (𝑂𝑖 − 𝑂̅). (𝑃𝑖 − 𝑃̅)𝑁

𝑖=1 ]2

∑ (𝑂𝑖 − 𝑂̅)𝑁
𝑖=1 . ∑ (𝑃𝑖 − 𝑃̅)𝑁

𝑖=1

 (11) 

𝑅𝑀𝑆𝐸 = √∑
1

𝑁

𝑁

𝑖=1

(𝑂𝑖 − 𝑃𝑖)2 (12) 

𝑀𝐴𝐸 =
1

𝑁
∑|𝑂𝑖 − 𝑃𝑖|

𝑁

𝑖=1

 (13) 

Figs. 7 and 8 represents the comparison of predicted and 

observed values of shear strength for PSO and ANFIS in 

test phase, respectively. Accordingly, the population 

numbers applied for all two models is 180, adding that the 

iteration of our test is 50. In these charts (Figs. 7 and 8), the 

vertical axis presents the predicted shear strength (MPa) and 

the horizontal axis shows the testing samples’ number (Figs. 

7 and 8). Also, the blue line shows 100% correlation 

between the predicted and observed values (Ideal form), 

however, the radial lines shows 15% - 30% discrepancy 

from the blue line (Figs. 7 and 8), showing the less accuracy 

of models (PSO, ANFIS). Any overlap between the blue 

line and the red line means that our method gained its best 

form with the lowest error ratio (R2 equals 1) and high 

preciseness. It means that in both models, there is no 100% 

prediction of shear strength of FRC, however, there is 15-

30% differential between the target variables and predicted 

variables. 

Fig. 7 shows the RMSE of PSO between -200-200, in 

which there is an established wave among the inputs of 

RMSE. Fig. 8 indicates the RMSE of ANFIS from -150-

100. Figs. 9 and 10 show the error distribution, in which 

 

Fig. 7 Comparison of predicted and observed of shear 

strength for PSO H axis = number of testing samples 

(diagram d) V axis = shear strength (MPa) (diagram d) 

 

 

Fig. 8 Comparison of observed and predicted of shear 

strength for ANFIS H axis = number of testing samples 

(diagram d) V axis = shear strength (MPa) (diagram d) 
 

 

the highest error is seen in 350,500 with 20 data in ANFIS. 

Considering PSO, the maximum error is in 3-4 with 18 

data. There is a high value in input 180-185 with RMSE 

value of roughly 70. The lowest value is seen in 185-190 

with RMSE value -100. Figs. 9 and 10 show the error 

distribution of both models. In Fig. 9, the mean of value 

(μ) is 0.3421 while the variance of value (σ) is 0.1342 in 

PSO. In Fig. 10, the (σ) = 5.643 while (μ) = -0.068 for 

ANFIS. Despite the training phase results, all data were 

analyzed in test phase as well. Looking at the R-square of 

train and test phase in both models (Tables 2 and 3), the 

RMSE of PSO is 0.6859 and the RMSE of ANFIS is 

0.8047 in testing phase. Therefore, the nearest value to 0 is 

the best performance, in which PSO shows better 

performance than ANFIS. By comparing the R2 values of 

PSO (0.7487) and ANFIS (2.4048), the nearest value to 1 

is accepted as the best performance, in which PSO shows 

better performance than ANFIS in predicting the shear 

strength of FRC in term of more accuracy and the least 

error percentages. 
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Fig. 9 Error distribution of PSO 

 

 

Fig. 10 Error distribution of ANFIS 

 

Table 2 Comparing the training phase outcomes of the two 

models (PSO, ANFIS) 

Training phase 

AI Models RMSE r R2 MAE 

PSO 0.9059 0.9890 3.677 0.6987 

ANFIS 0.8947 0.9870 1.3788 0.7980 

 

Table 3 Comparing the testing phase outcomes of the two 

models (PSO, ANFIS) 

Training phase 

AI Models RMSE r R2 MAE 

PSO 0.6859 0.9904 0.7487 0.9976 

ANFIS 0.8047 0.9955 2.4048 0.9989 

 

 
4. Conclusions 

 

In this study, the two models of PSO and ANFIS have 

been built and used for the prediction of shear strength of 

FRC. 180 empirical datasets were collected from the 

literature comprising the input values as concrete mixture, 

and fiber information and one output value as the shear 

strength of FRC was developed and analyzed. The 

statistical indicators of R2, r, RMSE, and MAE were used to 

valid the training and testing datasets to measure the 

predictive abilities of the proposed algorithms. Comparing 

the RMSE values in both models in testing phase has shown 

that PSO could perform better than ANFIS in predicting the 

shear strength of FRC. As a result, PSO is a promising tool 

and method to predict the shear strength of FRC. Results 

have shown that web width and impressive depth were the 

most significant parameters effectively affect the shear 

capacity and the most important factors to model the shear 

capacities of FRC. It is also concluded that PSO could be 

applied as a proper tool to accurately predicting the shear 

strength of FRC. Results showed that PSO gives a superior 

prediction of shear quality than ANFIS. 
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