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Near Surface Mounted (NSM) strengthening technique, based

on the concept of embedding glass or carbon FRP bars or

strips into grooves made on the concrete cover of the elements

to be strengthened



The present research has aimed to develop an accurate, yet rapid

prediction model ANFIS for determining:
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Why did we do this research?

Experimental and analytical research on Near-surface mounted FRP has

proven the importance and efficiency of this technique in strengthening RC

beams but determining the effective strain for FRP strips is the main

problem in this technique.

Aim of research

effective strain for NSM-FRP strips that strengthen RC beams

Failure modes for RC beams strengthened with NSM.FRP strips  



ANFIS is an intelligent system that integrates the learning

power of artificial neural network technology and the

knowledge of fuzzy logic. MATLAB toolbox was used to

simulate the model.
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ANFIS Structure with 2 inputs [1].

ANFIS used a Sugeno-type

fuzzy system in a five-layer

network (the input layer not

counted by Jang) for two

inputs x and y, and one output

z, as illustrated in Figure



Note: the equivalent reinforcement 

ratio was suggested by Barros [3]

ρl, eq = Asl / (b.ds) + (Af.Ef /Es)/(b.df)

effective strain of FRP 

strips (εfd/εfu)

- strength of concrete (fc)

- length of the strengthened strip to the 

length of the beam (Lb/L)

- equivalent reinforcement ratio (ρl,eq)
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ANFIS models

Inputs
Output

The experimental data of 85 RC beams

strengthened with the FRP strips by NSM

technique that collected from published literature
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To fuzzify the ANFIS inputs three

bell-shaped membership functions to

model the second input and two

relationships to model the first and

third inputs.

To determine the effective strain of

FRP strips the ANFIS networks were

tested after the training process

The final structure of ANFIS is

illustrated in adjacent figure.

Initially, the ANFIS network was trained with the 80%

experimental data collected within the database shown in table1

Structure of the proposed (ANFIS) to 

predict effective strain
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The predicted values of the ANFIS

model are shown in following

figure as a scatter plot.

Scatter plots of predicted values by ANFIS

most points are located near the 

diagonal line of the ANFIS 

prediction model.

the values of the 

prediction results are in 

good agreement with the 

experimental values
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R = 0.9854
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To ensure that the proposed

ANFIS method was valid as

a confirmed method, the

expected results were

compared to the expected

results using fuzzy logic and

ANN neural network

method

Scatter plots of predicted values by FIS
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y = 0.5802x + 0.2031

R = 0.8878
R² = 0.7864

RMSE= 0.0856
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Scatter plots of predicted values by ANN
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R = 0.9513
R² = 0.905

RMSE= 0.0852



Table 2 summarizes the accuracy results of prediction by ANFIS, ANN,

and fuzzy, for the experimental database.

Table 2. Performance statistics of the ANFIS, FIS, ANN models

modelANFIS modelANN modelFIS

R2 RMSE R2 RMSE R2 RMSE

0.971 0.04757 0.905 0.8526 0.786 0.08566

From Table 2, the results of the proposed ANFIS method are more

accurate than the traditional methods and this is due to the higher

adaptation of the ANFIS network to find the ideal values for

relationships on the one hand and the type of relationship on the other

hand, the bell-shaped membership has been used in the ANFIS method.
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Table 3. Performance statistics of the 

Barros, Khalifa’s formula 

Barros's formula Khalifa's formula

[3] R2 RMSE [4] R2 RMSE

0.5106 0.155 0.5286 0.133

The confirmation of the high accuracy of ANFIS was also verified by comparing

its expected results with the results of the formula proposed by Barros [3] and

modified by Khalifa [4] using RSME, and R2 as stated in its references.

Table 3 summarizes the accuracy results for these equations.
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𝓔𝒇𝒆

𝓔𝒇𝒖
= −𝟐𝟕. 𝟑𝟕𝝆𝒍,𝒆𝒒 + 𝟎. 𝟗𝟏𝟕𝟒

𝓔𝒇𝒆

𝓔𝒇𝒖
= −𝟑𝟐. 𝟔𝟒𝟖𝝆𝒍,𝒆𝒒 + 𝟎. 𝟗𝟔𝟎𝟔

Barros's formula [2]

Khalifa's formula [4]
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Non-linear 
regression analysis 

3780

Numerical samples from 
the parametric study 

The confirmation of the high

accuracy of ANFIS was also

verified by comparing its

expected results with the

results of a formula proposed

by us, which
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took the effort of three 

years of continuous work 



y = 0.9923x + 8E-05
R² = 0.8473
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Proposed formula (I)

R= 0.92  correlation coefficient 

AVER= 1.0132average           

STD= 0.114standard deviation

COV= 0.112coefficient of variation

𝜀𝑓𝑒 = 12
fc

nEfAf

0.35

× (−183𝜌𝑠
2 + 2.84𝜌𝑠 + 0.051) < 0.9𝜀𝑓𝑢

𝜌𝑠 ≥ 𝜌𝑠𝑚𝑖𝑛
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Lb= (0.85-1)L

y = 0.4308x + 0.0054

R² = 0.0602
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R= 0.245
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COV= 0.284

ACI 440.2R-17

𝜀𝑓𝑑 = 0.7𝜀𝑓𝑢
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Structure of the proposed (ANFIS) to predict failure mode
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The study revealed that the predicted effective strain of FRP strips closely

conforms to the experimental results, which confirms the efficiency of the

ANFIS model. The ANFIS system showed superior predictive accuracy and high

generalizability compared to the fuzzy logic and neural networking method

(ANN), The level of accuracy with ANFIS was achieved at RMSE = 0.0475.

The main benefits of the ANFIS model are an effective, highly

adaptable calculation with optimization and adaptation techniques.

A comparison of the collecting experimental data with Barros’s formula and

Khalifa’s formula Where the highest accuracy of these equations reached

RMSE=0.1333.
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Thus, statistical indicators gave ANFIS a preference in predicting effective

strain for FRP strips of RC beams flexurally-strengthened with NSM FRP

strips.

1

2

3



It is possible to use the proposed ANFIS model to

predict the value of the effective strain for FRP strips of

RC beams flexurally-strengthened with NSM FRP strips

and the failure modes of these beams, which saves us

the high cost of experimental testing as well as time-

saving which is valuable in the end.
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The main conclusions



Barros, Fortes. Flexural strengthening of concrete beams with CFRP laminates bonded into slits. Cement &

Concrete Composite 2005, 27(4), 471–480.

Barros, Dias, Lima. Efficacy of CFRP-based techniques for the flexural and shear strengthening of concrete

beams, Cement & Concrete Composite 2007, 29(3), 203-217.

Khalifa, Flexural Performance of R.C Beams Strengthened with Near Surface Mounted CFRP Strips,

Alexandria Engineering Journal, 2016

Teng, Delorenzis, Wang, Wong, Lam. Debonding failures of RC beams strengthened with near surface

mounted CFRP strips. Journal of composites for construction, 10 (2) (2006), 92-105.

Kotynia, (2012) Bond between FRP and concrete in reinforced concrete beams strengthened with near

surface mounted and externally bounded reinforcement. Construction and building materials, 32, 41-54

Moawad, Flexural Behavior of NSM FRP Strengthened Reinforced Concrete Beams under Sustained

Loading, PhD thesis, The University of Girona, 2020.

Barris, Sala, Gómez, Torres, Flexural behavior of FRP reinforced concrete beams strengthened with NSM

CFRP strips, Composite Structures 241 (2020).

Jung, Park, Kang, and Keum, Flexural Behavior of Concrete Beam Strengthened by Near-Surface

Mounted CFRP Reinforcement Using Equivalent Section Model, Advances in Materials Science and

Engineering Volume 2017, Article ID 9180624

Jang, ANFIS: adaptive-network-based fuzzy inference system, IEEE Trans. Syst. Man Cybern. 23 (3) (1993)

665–685.

Mubarak. Nasser, Hwaija 21

Bilotta, Ceroni, Nigro, Pecce, Efficiency of CFRP NSM strips and EBR plates for flexural strengthening of

RC beams and loading pattern influence, Composite Structures 124 (2015)



Sharaky, Torres, Sallam, Experimental and analytical investigation into the flexural performance of RC beams

with partially and fully bonded NSM FRP bars/strips, Composite Structures 122 (2015) 113–126.

Ibrahim, Fattah, Kotb, Mjeed, Flexural Behavior of RC Beams Strengthened with CFRP Strips, The 7th

International Conference on FRP Composites in Civil Engineering International Institute for FRP in

Construction (CICE 2014), Canada.

Sharaky, A Study of the Bond and Flexural Behavior of Reinforced Concrete Elements Strengthened with Near

Surface Mounted (NSM) FRP Reinforcement, PhD thesis, The University of Girona, 2013.

Young, Seup, Assessment of Flexural Strengthening Behavior Using the Stirrup-Cutting Near Surface

Mounted(CNSM) CFRP strip, Journal of the Korea Institute for Structural Maintenance and Inspection Vol. 16,

No. 6 (2012)102-112.

[15] Barros, Costa, Flexural and Shear Strengthening of RC Beams with Composites Material – The Influence of

Cutting Steel Stirrups to Install CFRP Strips, Cement and concrete composites,

Yost, Gross, Dinehart, Mildenberg, Flexural Behavior of Concrete Beams Strengthened with Near-Surface-

Mounted CFRP Strips. ACI-Structural Journal, 104 (S41) (2007), 430-437.

Kotynia, Flexural behavior of Reinforced Concrete Beams Strengthened with near Surface Mounted CFRP

Strips, Third International Conference on FRP Composites in Civil Engineering (CICE 2006), Miami, Florida,

USA

Täljsten, Carolin, Nordin, Concrete Structures Strengthened with Near Surface Mounted Reinforcement of

CFRP, Sweden (2003).

Mubarak. Nasser, Hwaija 22



23


