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Abstract TheV-shaped angle shear connector is recognized
as to expand certain mechanical properties to the shear con-
nectors, contains adequate ductility, elevate resistance, power
degradation resistance under cyclic charging, and high shear
transmission, more economical than other shear connectors,
for instance, the L-shaped and C-shaped shear connectors.
The performance of this shear connector had been investi-
gated by previous researchers (Shariati et al. in Mater Struct
49(9):1–18, 2015), but the strength predictionwas not clearly
explained. In this investigation, the shear strength prediction
of this connector was analyzed based on several factors. The
ultimate purpose was to investigate the variations of different
factors that were affecting the shear strength of this con-
nector. To achieve this aim, the data (concrete compression
strength, thickness, length, height, slope of inclination, and
shear strength) were collected from the parametric studies
using finite element analysis results for this purpose were
input using the ANFIS method (neuro-fuzzy inference sys-
tem). The finite element analysis results were verified by
experimental test results. All variables from the predom-
inant factors that were affected the shear strength of the
shear connector (V-shaped angle) were also selected by using
the ANFIS process. The results exhibited that the proposed
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shear connector (V-shaped angle) contained the potentiality
to be used practically after several improvements. One option
might be the improvement of the testing process for different
predictivemodelswithmore input variables thatwill improve
the predictive power of the created models.
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List of symbols

SS Silica sand
WSS Silica sand weight
WS Sieve weight
Cum. Ret Cumulative retained
Es The elasticity modulus
γ Density
υ Poisson ratio
fck The concrete strengthof cylinder spec-

imen
fcu The concrete strength of cubic speci-

men
εc1 Strain
r The reduction factor
εcu The ultimate strain at failure
Ecm The elasticity module
ε The eccentricity
� The material dilation angle
fb0 The biaxial compressive strength
fc0 The uniaxial compressive strength
d Penetration measure in the contact

region
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r Fraction of the minimum element
length

Lelem. Element length
K i Initial stiffness
i The segment member
S Geometric scale factor
kdflt Default stiffness
r Overclosure factor
d Overclosure measure
S0 The initial scale factor;
μAB (x) , μCD (x) The membership function
{ai , bi , ci , di } The set of parameters
“x” and “y” The values of inputs from the nodes
{pi , qi , r} The variable set designated as conse-

quent parameters
Pi The experimental value
Oi Signifies the forecast value
n The total number of test data

Introduction

The shear connection between concrete slab and steel beam
is the principal component of composite beams (Maleki and
Bagheri 2008a, b; Maleki and Mahoutian 2009; Lawan et al.
2016; Hasselhoff 2015; Shariati et al. 2012a). The shear con-
nectors worked as a mechanical tool for transferring shear
forces resulted from the earthquake inertia loads generated
in the floor diaphragm (Yang et al. 2009; Azimi 2015; Sohel
2012; Shariati 2014). In addition, the connectors inhibit the
premature separation (the steel beam from the concrete slab)
in the vertical direction (Focacci et al. 2015).

An economic trend has let to continue the inclination of
the advancement of new systems of shear connectors (Sohel
2012; Leonhardt 1987; Zellner 1987; Hegger 2001; Galjaard
et al. 2001; Hauke 2015; Shariati 2012b; Yan 2016). How-
ever, there are some difficulties and limitation of commonly
used shear connectors in steel-concrete composite systems.
So, new types of composite system with innovative indica-
tions were proposed by many researchers (Hasselhoff 2015;
Azimi 2015; Sohel 2012; Clouston et al. 2005; Karimi et al.
2011; Liew and Wang 2011; Mastali et al. 2015; Lameiras
2013; Ernst et al. 2004; Pawar et al. 2015).

Anewdevice (V-shaped angle shear connector as in Fig. 1)
has been proposed to use as a mechanical shear connector in
a composite beam recently (Shariati et al. 2015). This device
composedof a steel angle profile cutting to the oriented slices.
These slices welded onto the flange of I-beam (steel) before
filling into the steel–concrete composite beam.

The slope at the inclination helped the connector to claw
the concrete and to avoid the lateral movements. The diagram
of this new shear connector is shown in Fig. 2.

Fig. 1 V-shaped angle shear connector (Shariati 2013)

Fig. 2 The diagram of the new angle shear connector (Shariati 2013)

In this paper, an attempt has been made to identify pre-
dominant factors that are affecting the shear strength of a
shear connector (V-shaped angle).

During current research, three processes of analysis have
piloted. At the first step, a total of 36 push-out test speci-
mens have been tested using the V-shaped shear connector.
Then, an extensivefinite element analysis has been conducted
to extend the results of the experimental test for a wider
verification of the test parameters. Finally, the predominant
factors that were affecting the shear strength of shear connec-
tor (V-shaped angle) were identified using a soft computing
technique.

In this investigation, the artificial neural network (ANN)
has been used as the soft computing method that required no
knowledge regarding the internal system parameters as well
as the compact solution of multi-variable problems.

Moreover, a particular type of scheme is known as the
adaptive neuro-fuzzy inference system of ANN family was
used for selecting themost influential parameter for the shear
strength prediction of the shear connector (V-shaped angle)
(Jang 1993; Safa 2016). The ANFIS method was observed
to be an efficient tool that showed better examining and
forecasting capabilities for dealing with the changeability
encountered in a system. The ANFIS is also regarded as
the hybrid intelligent system for enhancing the ability to
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Table 1 Analysis of particle
size of silica sand (SS) as BS
822: Clause 11

Sieve size (μm) Sieve no. WSS + WS (g) WS (g) WSS (g) Ret.% Cum. Ret.% Pass%

4750 3/16 in 409.9 408.3 1.6 0.32 0.032 99.68

2360 No.7 462.3 375.7 86.6 17.33 17.65 82.35

1180 No.14 437.2 343.0 94.2 18.85 36.5 63.50

600 No.25 450.7 316.2 134.5 26.93 63.42 36.58

300 No.52 379.1 288.7 90.4 18.09 81.51 18.49

150 No.100 322.1 274.8 47.3 9.47 90.99 9.02

75 No.200 309.9 275.2 34.7 6.94 97.92 2.08

Pan – 250.8 240.4 10.4 2.08 – 0.00

Total 499.7 388.31

Fineness modulus = 388.31/100 = 3.88; Water absorption for silica sand is 0.93%
WSS silica sand weight, WS sieve weight, Cum. Ret cumulative retained

Table 2 Distribution of the grain size in the granite gravels as BS 882:1992

Sieve size (μm) Sieve size (in) WG + WS(g) WS(g) WG(g) Ret.% Cum.Ret.% Pass%

19 3/4 1626.6 1616.1 10.5 0.42 0.42 99.58

12.7 1/2 2181.6 1398.8 782.8 31.32 31.74 68.26

9.5 3/8 2271.3 1378.4 892.9 35.72 67.46 32.54

4.75 3/16 2170.5 1397.4 773.1 30.93 98.39 1.61

Pan – 886.2 846.0 40.2 1.61 – 0.00

Total FM = 798.01/100 = 7.98 2499.5 100 600 + 198.01

learn and adapt automatically to various engineering sys-
tems (Al-Ghandoor and Samhouri 2009; Singh et al. 2012;
Petković 2012a). Hence, the ANFIS system previously used
for identification (real-time) and estimation of shear strength
in different systems by several researchers (Ali et al. 2014;
Kurnaz et al. 2010, Petković 2012b; Tian and Collins 2005;
Ekici and Aksoy 2011; Khajeh et al. 2009; Toghroli et al.
2016).

Methodology

General

The push-out tests provided the current information on the
load-slip behavior of shear connectors in the composite
beams, but the experimental tests for this purpose are costly,
time-consuming, and impractical. The analytical methods
used to predict the non-linear reaction as well as the final
shear strength capacity of shear connectors in composite
beams should substantiate by the accuracy of experimental
results.

Non-linear FEA of the push-out specimens using the
ABAQUS software (three-dimension) was used for fur-
ther investigation. Moreover, a comprehensive finite element
model has allowed reducing the experiment number. Hence,
both the push-out and the FEA methods were used for col-

lecting the input data for the next procedure of generating
the equations for predicting the shear strength and ability of
this connector.

Experimental program

The push-out specimens contained an I-beam (steel)whereby
2 slabs was connected to each flange and the shear connector
waswelded laterally on each beamflange. Two layers of steel
bar with four hoops (10mm diameter) containing yield stress
(300 MPa) were mounted on the slab in two perpendicular
directions, then the concrete slabs were cast horizontally into
composite beams. A reliable quality of concrete was also
patched on the specimen slabs (both sides). Specimens were
treated with water for 28 days before putting it to the test.

Moreover, specimens were surrounded by the reinforced
concrete slabs. The dried air was used to aggregate the con-
crete. Two types of aggregates, thefine aggregate (silica sand)
and coarse aggregate (crushed granite) were used as 4.75 and
10 mm deep, respectively. Particle size of the fine aggregate
(Table 1) and distribution of grain size of the crushed gran-
ite (Table 2) were analyzed (Sajedi and Razak 2010; Sajedi
and Razak 2011). An ordinary Portland cement similar to
the ASTM C150 type II (Cement 1993) cement also used in
the mixture. The chemical properties of cement depicted in
Table 3 (Sajedi and Razak 2010).
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Table 3 Description of
composition in cementitious
materials for OPC (% mass)

P2O5 SiO2 Al2O3 MgO Fe2O3 CaO MnO K2O TiO2 SO3 CO2 LOI

0.068 18.47 4.27 2.08 2.064 64.09 0.045 0.281 0.103 4.25 4.20 1.53

Table 4 The new geometric properties from V-shaped angle connector
in push-out tests

Specimen t (mm) L (mm) h (mm) slope (◦)
RC30-45 3 30 75 45

3 30 100 45

3 30 120 45

3 30 140 45

RC30-50 3 30 75 50

3 30 100 50

3 30 120 50

3 30 140 50

RC-30-60 3 30 75 60

3 30 100 60

3 30 120 60

3 30 140 60

RC-50-45 5 40 75 45

5 40 100 45

5 40 120 45

5 40 140 45

RC40-50 5 40 75 50

5 40 100 50

5 40 120 50

5 40 140 50

RC40-60 5 40 75 60

5 40 100 60

5 40 120 60

5 40 140 60

RC50-45 6 50 75 45

6 50 100 45

6 50 120 45

6 50 140 45

RC50-50 6 50 75 50

6 50 100 50

6 50 120 50

6 50 140 50

RC50-60 6 50 75 60

6 50 100 60

6 50 120 60

6 50 140 60

A dark brown Rheobuild 1100 Superplasticizer (SP) with
the pH range of 6.0–9.0 and gravity of 1.195 was used to
enhance the workability of the mixes (Sajedi and Abdul
Razak 2010).

Fig. 3 Specimen details used in push-out experiment and experiment
set up (Shariati 2013)

The concrete slabs formed the cast similar to the composite
beams cast in the horizontal direction.

The connector contained different angles (3), leg lengths
(30, 40, and 50 mm), degrees of inclination, and top heights
(Table 4).

Five or six digits and letters were used to represent the
specimen where the 1st letter indicated the types of concrete
and the 1st digit showed the leg length (mm). The next two
digits indicated the inclination of slope (leg and flange) in
degrees. The last twoor three digits designated vertical height
of the shear connector.

In this experiment, the push-out test analyzed the behavior
and the load-slip relation with the shear connector (V-shaped
angle) where the specimen consisted of steel beam section
with two identical concrete slabs vertically as stated in the
Eurocode 4 (EN 2004). A universal testing machine (600
kN capacity with specific support) was used to apply the
load (Fig. 3) at 0.04 mm/s rate by following the monotonic
loading system which was increased slowly till the specimen
failed.

Finite element analysis (FEA)

General

Anumerical model whichwas proposed by the finite element
method (FEM) used for simulating the push-out test focused
on the shear capacity of the shear connectors, embedded in
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Fig. 4 The stress–strain relationship

a concrete slab using the monotonic loading, validated by
the test results. Variations present in the concrete strength
and connector dimensions were estimated using parametric
studies of this non-linear model.

The results derived from the FEA and the parametric stud-
ies were used for further verification of the accuracy of the
proposed equation for the shear capacity of this shear con-
nector.

The specimen which modeled in the FEA was similar to
specimens derived from the experimental tests and finite ele-
ment program (ABAQUS) (Hibbitt et al. 1988). This model
was suitable for predicting shear capability of various param-
eters (flange, web thickness, height, length, and concrete
properties) similar to the experimental tests. The results
obtained from this analysis were used for generating an equa-
tion for estimating the shear capacity of a shear connector.

Material properties

Steel The shear connectors and the steel reinforcing bar
determined the kinematic bi-linear stress–strain relationship
in the concrete slab (Fig. 4). Furthermore,Von Mises yield
criterion for determining the surface material yield, and an
associated flow rule for defining the plastic deformationwere
used. In this experiment, the elasticity modulus (Es), density
(γ), and Poisson ratio (υ) of steel materials were expected to
be 205 GPa, 7800 kg/m3, and 0.3, respectively. The ultimate
strength and yield of the steel components calculated from
the steel coupon testing method.

Concrete The strain–stress relationship defined the behavior
of the concrete material (EC2) (BSI 1992) and Fig. 5 exhib-
ited an equivalent uniaxial strain–stress curve (non-linear
behavior during compression). This curve was divided into
three parts (non-linear parabolic, descending slope, and elas-

Fig. 5 Strain–stress relationship of compression behavior of concrete

tic range) and the proportional limit stress (1st part) was 0.4
fck (BSI 1992). The fck was the concrete strength of cylin-
der specimen (0.8 fcu) where fcu was the concrete strength
of cubic specimen and strain (εc1) was 0.0022 related to the
fck.
The stress for non-linear parabolic part could be obtained

as the Eqs. (1) and (2) (BSI 1992):

σc =
(

kn − n2

1 + (k − 2)n

)
fck, (1)

where,

n = εc

εc1
, k = 1.1Ecm × εc1

fck

The descending part explained the post failure compres-
sion behavior, whereby the concrete crushing was detected.
In this experiment, the descending slopewas ceased at a stress
value determined by the r fck formula, where r was the reduc-
tion factor (Ellobody 2002). The values of “r” ranged from
1 to 0.5, comparable to the range of concrete cube strength
(30 MPa to 100 MPa). Hence, the ultimate strain at failure
(εcu)will be α εc1, where, the εcu is 0.0035 [(EC2 (BSI 1992)
and BS 8110 (Rowe 1987)], α is 1.75 and Poisson ratio (υ)

is 0.2. The elasticity module (Ecm) obtained from the EC2
(BSI 1992) was similar to Eq. (2).

Ecm = 9.5( fck + 8)
1
3 Ecm in Gpa and fck in Mpa (2)

The non-linear behavior of the concrete during tension
displayed in Fig. 6 using an uniaxial strain–stress curve. The
tensile stress increased linearly till the concrete cracks. How-
ever, the cracking can happen in three ways (linear, bilinear,
and exponential) depended on the presence of reinforcing
bars (Manual 2010). The exponential function defined the

123



J Intell Manuf

Fig. 6 The strain–stress relationship of tensile behavior of the concrete
(Cornelissen et al. 1986)

Fig. 7 The exponential function of tension in a softening model

tension softening (Cornelissen et al. 1986) and Fig. 7 dis-
played the tension stress-crack relationship. These model
also defined the damage of the specimens occurred from con-
crete cracking.

The damage plasticity model of the concrete presumed
by the non-associated potential plastic flow. So, during this
investigation, the Drucker–Prager hyperbolic function was
used as flow potential. The eccentricity (ε) and material dila-
tion angle (�) were 0.1◦ and 15◦, respectively. The biaxial
compressive strength and uniaxial compressive strength ratio
fb0
fc0

were 1.16.

Modeling of the specimens

During this experiment, components (reinforcing bar, I-
beam, concrete slab, and shear connector) were modeled
using the ABAQUS software for an accurate result. The

Fig. 8 A typical geometric modeling of specimens (Shariati 2013)

Fig. 9 A typical part of steel with a connector in the specimen (Shariati
2013)

ABAQUS program was employed to explicit general contact
model for conducting interaction between the components.
This part was considered as the most important part of the
analysis and performed attentively to avoid inappropriate
interaction and convergence problem. The geometric models
(described earlier) consisted of three main parts, namely (1)
combination (merged) of I-beam (steel) and shear connector,
(2) concrete slab, and 3) reinforcing bar. The general contact
was denoted by “t” and the geometry of different parts is
shown in Fig. 8, while the steel and concrete were modeled
using software (Fig. 9).

Element type

Particulars of a typical finite element mesh of a specimen to
model the geometry of the test specimen presented in Figs. 10
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Fig. 10 The typical meshing of steel part in the specimen with the
novel shears connector

Fig. 11 Typical meshing in the push-out specimen

and 11. The mesh size was selected to show accuracy and
reasonable computational time.

Description of the elements in the finite elementmodeling:

1. Eight-node solid element (C3D8R):

This element has three translational degrees of freedom (3
df) for each node, and employed to model the shear connec-
tor, steel beam, and concrete slab. This element deliberated
for cracking and crushing of concrete in three orthogonal
directions at each integration point.

2. Truss element (T3D2):

Truss element has three translational degrees of freedom (3
df) for each node (x, y, and z) and used to model the rein-
forcing bar.

Element interaction

The behavior of FEA was influenced by the relation among
different parts wherever an interaction between reinforcing
bar and the concrete slab was fully bonded without slip.

Fig. 12 Angle surfaces which are contacted to concretes

Fig. 13 The Geometry scaling using softened pressure-over closure
relationship

Therefore, the embedded element close to the reinforcing
bar used for this purpose.

Contact interaction

The general contact (steel and concrete parts) expressed
using text comments (*CONTACTCLEARANCEASSIGN-
MENT and *CONTACTCONTROLASSIGNMENT) in the
ABAQUSExplicit program. The connector surfaces that was
contacted to concrete surfaces is shown in Fig. 12.

Contact properties

An interaction between normal and tangential contact was
considered for the geometry scaling (softened pressure-
over closure relationship) during normal contact modeling.
This model provides a simple interface for increasing the
default contact stiffness during exceeded critical penetration
(Fig. 13). Here, penetration measure (d) in the contact region
was defined directly or as a fraction (r) of the minimum ele-
ment length (Lelem). A new penetration (current penetration)
considered as the multiplication of this penetration measure
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and the contact stiffness values scaled by a factor (S). How-
ever, an initial stiffness (Ki ) is displayed in Eq. (3).

Ki = S0 · kdflt′ (3)

Where, the segment member (i), geometric scale factor (S),
default stiffness (kdflt), overclosure factor (r), element length
(Lelem), overclosure measure (d = r.Lelem), and the initial
scale factor (S0)were denoted tomeasure the initial stiffness.

In this analysis, the parameters (S0, S, and d) were defined
as 3 < S0 < 10, 1.05 < S < 1.1, and 1 × 10−6 < d <

1 × 10−7m.
The tangential contact and coulomb friction model were

employed to define and model the friction contact, while the
friction coefficient was 0.3 (assumed). Angle surface contact
was separated from the corresponding surface of the concrete
slab to form the shape of the surface, where the contact sur-
face of the slab acted as the master and angle surface served
as the slave.

Loading and boundary condition

The loading procedure used in the FEA was also applied
to the test specimen. The vertical velocity loading proce-
dure with the downward load direction was used for the
concrete slab. The velocity-controlled loading procedure pro-
vided more stability than the force-controlled loading in the
non-linear stage. However, a particular velocity rate (100
mm/s) was used monotonically for loading. This velocity
rate attained comparing the kinematic energy to the internal
energy while the effect of dynamic analysis could neglect.
The real rate, which is smaller than the special rate required
longer duration, but slight effects on the accuracy of results.
All nodes of the I-beam section on the symmetric plan were
constrained against displacement in three directions (X, Y,
and Z) to simulate boundary conditions for the specimens
(Fig. 14).

In this analysis, loading conducted just after assembling
different parts for linear loading. This loading system was
alike to the experimental loading method employed in the
push-out test for instant loading. In some cases where the
ultimate load could not be measured by the parametric anal-
ysis, the value of 1.5 times real shear strength was considered
as the maximum loading for any specimen.

The next step located output results of different parameters
(strain, boundary condition, and stress,) where times for the
analysis depended on the number of parameters.

Analysis solution

The general statics used in the ABAQUS standard also
applied for an initial analysis but created a convergence prob-
lem hence, stopped at the beginning. Similarly, result from

Fig. 14 Boundary condition in the specimen

Table 5 Input and output parameters

Inputs Parameters description

Input 1 Concrete compression strength (Mpa)

Input 2 Thickness (mm)

Input 3 Length (mm)

Input 4 Height (mm)

Input 5 Slope of inclination (◦)
Output Shear strength (kN)

the RIKS method (Nguyen and Kim 2009) exhibited the
convergence problem. Consequently, the ABAQUS Explicit
method employed for analysis because it was found suitable
for the non-linearmaterials, concrete damage, large deforma-
tion, geometry, and discontinuous parts. On the other hand,
reduced integration, second accuracy, and enhanced control
were considered for the analysis of solid element.

Statistical data

The input and output parameters listed in Table 5 and all the
percentage were converted to decimal numbers during the
ANFIS training procedure.

ANFIS methodology

A fuzzy inference system (FIS) of the MATLAB software
applied for whole process in ANFIS training and evaluation
system.
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Fig. 15 Each input parameter influenced shear strength prediction of
the shear connector (V-shaped angle)

In this experiment, rule of Takagi–Sugeno (TS) fuzzy
model (IF-THEN rule), and two inputs for the first-order
Sugeno fuzzy model were employed

During this research, the hybrid learning algorithm (HLA)
was employed to identify variables in ANFIS architectures.
This algorithm permits entering functional signals until the 4
th layer, and consequent variables calculated using the least
squares estimation. In the case of the backward pass, error
rates circulated backward direction and premise variables
synchronized as a gradient of declining order.

Results

Evaluating accuracy indices

The root mean square of error (RMSE), Pearson coefficient
of correlation (r), and coefficient of determination (R2) were
used to represent and forecasting performances of the pro-
posed model

ANFIS results

The optimal combination of input set were chosen by search-
ing within the given inputs (Table 5) which demonstrated
impacts on output parameters for shear strength prediction
of the shear connector (V-shaped angle). Themost significant
input for forecasting desired output was identified (Fig. 15)
where the input variable contain the lowest training error
was considered as the most relevant to the outcome. The
leftmost input variable possessed the lowest number of error
anddemonstrated themost relevant outcomeof shear strength
prediction of the shear connector (V-shaped angle). The input
parameter 3 demonstrated the maximum influence on shear
strength prediction of the V-shaped angle shear connector
(Fig. 15) because the input 3 had the smallest RMSE value.

Table 6 Input parameters that influenced the forecasting of loading

ANFIS model 1: in1 –> trn = 24875.3950, chk = 33322.9697

ANFIS model 2: in2 –> trn = 24875.3950, chk = 33322.9769

ANFIS model 3: in3 –> trn = 27617.9133, chk = 31306.2014

ANFIS model 4: in4 –> trn = 29324.6910, chk = 29430.6379

Table 7 Two input parameterswhich influenced the forecasting of load-
ing

ANFIS model 1: in1 in2 –> trn = 24875.3950, chk = 33322.9809

ANFIS model 2: in1 in3 –> trn = 17354.9331, chk = 29601.6747

ANFIS model 3: in1 in4 –> trn = 20843.7518, chk = 25612.4344

ANFIS model 4: in2 in3 –> trn = 17354.9331, chk = 27276.3904

ANFIS model 5: in2 in4 –> trn = 20845.9386, chk = 25581.9541

ANFIS model 6: in3 in4 –> trn = 21967.7120, chk = 52434.0384

Table 8 Three input parameters that influenced the forecasting of load-
ing

ANFIS model 1: in1 in2 in3 –> trn = 17354.9331, chk = 27048.4350

ANFIS model 2: in1 in2 in4 –> trn = 20836.6597, chk = 25598.2094

ANFIS model 3: in1 in3 in4 –> trn = 2301.4308, chk = 50050.1004

ANFIS model 4: in2 in3 in4 –> trn = 1629.3831, chk = 47439.3830

The numerical results of all single parameters which
influenced shear strength prediction of the shear connector
(V-shaped angle) with the combination of two or three inputs
exhibited in Tables 6, 7 and 8.

Conclusion

In this investigation, several factors were considered and
analyzed for the shear strength prediction of the V-shaped
angle shear connector as a new and potential shear connec-
tor. The ANFIS method applied to input data obtained from
the experimental test results and finite element analysis. The
inputs were the concrete compression strength, thickness,
length, height, slope of inclination, and shear strength. The
ANFIS process is suitable for using in the selection of vari-
able also implemented successfully to detect the predominant
factors which affected shear strength of the shear connector
(V-shaped angle).

Problems regarding the inclusion of multiple input vari-
ables during predictive models preparation could be found
because of an excessive number of input variables would
negatively affect the interpretability as well as the predictive
accuracy of the constructed models. Moreover, several input
variables would reduce the generalization capability of the
model. So, selection of the top most influential variable from
massive set of potential variables is an essential step.
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A subset of the most influential variable would be with
a minimal RMSE value and selected from different sets of
potential input variables using the wrapper approach. The
ANFIS network was employed for searching potential vari-
able and determining influences of the six parameters for
prediction of the shear strength of the shear connector (V-
shaped angle).

The results of this investigation demonstrated that the pro-
posed method had the potentiality to apply practically after
necessary refinements.One optionmight be the improvement
of testing different predictive models using a greater number
of potential input variables that will eventually improve the
predictive power of the created models.
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