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Abstract.  The behavior of concrete slabs in composite beam with C and L shaped angle shear connectors has been studied in this paper.
These two types of angle shear connectors' instalment have been commonly utilized. In this study, the finite element (FE) analysis and soft
computing method have been used both to present the shear connectors' push out tests and providing data results used later in soft
computing method. The current study has been performed to present the aforementioned shear connectors' behavior based on the variable
factors aiming the study of diverse factors' effects on C and L shaped angle in shear connectors. ANFIS (Adaptive Neuro Fuzzy Inference
System), has been manipulated in providing the effective parameters in shear strength forecasting by providing input-data comprising:
height, length, thickness of shear connectors together with concrete strength and the respective slip of shear connectors. ANFIS has been
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also used to identify the predominant parameters influencing the shear strength forecast in C and L formed angle shear connectors.
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1. Introduction

Design of buildings for earthquake loads is based on
elastic response during minor to moderate earthquakes
(Daie et al. 2011, Jalali et al. 2012, Khorami et al. 20173,
Khorami et al. 2017b). The buildings are designed with
enough lateral stiffness to limit large displacements with
enough ductility to survive large inelastic displacements
and prevent collapse during extreme earthquakes (Fanaie et
al. 2012, Fanaie and Dizaj 2014, Fanaie et al. 2016). Shear
connectors in composite construction play a significant role
in the earthquake response of a structure.

They offer necessary shear connection for composite
action. Many researches have been conducted on behavior
of different types of shear connectors recently (Shariati et
al. 2010, Shariati et al. 20114, Shariati et al. 2011b, Shariati
et al. 2012a, Shariati et al. 2012b, Shariati et al. 2012c,
Shariati 2013, Fanaie et al. 2015, Shariati et al. 2015,
Khorramian et al. 2016, Shariati et al. 2016, Tahmasbi et al.
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2016, Khorramian et al. 2017, Hosseinpour et al. 2018,
Nasrollahi et al. 2018, Wei et al. 2018).

Various shear connectors have been applied in
composite beams. In case of considering cost and structural
features, novel C and L formed angle shear connectors have
been nominated (Mansouri et al. 2017). Despite the fact that
laboratory testing method is costly and time-consuming, the
information of load-slip behaviors and shear connectors'
capacity has been mainly bounded to the data gained by
push out or beam tests. The laboratory tests on channels and
angle shear connectors have performed by (Shariati et al.
Shariati et al. 2012d, Shariati et al. 2013, Shariati et al.
2014, Awal et al. 2015, Shah et al. 2015, Shahabi et al.
2016a, Shahabi et al. 2016b, Khorramian et al. 2017).
These tests have approved that push out testing is a proper
model in detecting the load slip behavior of C and L. To
approve the numerical processing through the accurate
laboratory test results, the application of numerical
processing to define the nonlinear load-slip connection and
the final shear potential of shear connector in composite
beams has gained a fundamental value. Finite Element (FE)
method as a numerical analysis tool has considerably
reduced the number of laboratory tests applied for the
structural behavior performance.

Nonetheless, the laboratory test phase has played a
crucial role in each system (structure) studying the elastic
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range. When FE is to be supported through the valid test
outcomes, there should be a complementation between the
laboratory test results and numerical studies to investigate a
structural aspect. Regarding the researches performed in FE
(finite element) model in push-out specimens, few studies
have focused on shear connectors implemented by
(Nakajima et al. 2003) and (Lam and El-Lobody 2005). A
complete FE research in channel shear connectors' behavior
has been performed by (Maleki and Bagheri 2008) and
(Maleki and Mahoutian 2009). In another FE push-out test,
another equation predicting the shear strength of C has been
proposed (Khalilian 2013). Furthermore, few more FE
methods focusing on other shear connectors and composite
beams have been existed (Wang and Chung 2008, Bazzaz et
al. 2012, Soty and Shima 2013, Majdi et al. 2014, Toghroli
Ali et al. 2014, Bazzaz et al. 2015, Chen et al. 2015, Fanaie
et al. 2015, Safa et al. 2016, Andalib et al. 2018).

This study casts a precise look to FE in the angle
connectors based on the accurate laboratory tests. Then soft
computing methods have applied. The applications of soft
computing methods have been increasingly applied recently
(Mohammadhassani et al. 2015, Mansouri et al. 2016,
Heydari and Shariati 2018). Push-out test and relative FE
analysis and all linear and nonlinear component features
have been performed to obtain the final strength and the
connector load-slip behavior across a static load.
Comparing the FE results with push-out tests, the models’
investigations have provided adequate data required in soft
computing methods. Regardless of new mathematical
functions proposed to form C and L, the core of this study is
to gain more nonlinearity through the soft computing
analysis. ANN (Artificial Neural Network) as an alternative
to the analyzing approach has not required the knowledge
of: 1) internal system factors and 2) compact solution for
multi variable defects.

In the current research, ANFIS in ANN domain (Jang
1993, Safa et al. 2016, Toghroli et al. 2016, Toghroli et al.
2018), has been applied to obtain the significant factors
affecting the C and L formed angle shear connectors
performance. ANFIS has represented high forecasting and
learning potentials producing effective tool to encounter
uncertainties of the systems. ANFIS as a hybrid intelligent
system has provided an automatic learning and adaptive
system in various engineering processing (Lo and Lin 2005,
Mohammadhassani et al. 2013a, Mohammadhassani et al.
2013b, Toghroli Ali et al. 2014). ANFIS has been utilized to
estimate and define the different systems' very moment (Lo
and Lin 2005, Tian and Collins 2005, Inal 2008, Al-
Ghandoor and Samhouri 2009, Khajeh et al. 2009, Kurnaz
et al. 2010, Ekici and Aksoy 2011, Petkovié¢ and Cojbasi¢
2012, Petkovi¢ et al. 2012a, Petkovi¢ et al. 2012b) so
ANFIS method has been widely used in many studies.

2. Methodology

2.1 General

Push out tests has enhanced the knowledge of load slip
behavior of the shear connectors in composite beams.

Considering time and expenses of laboratory tests,
analytical methods are more preferable methods to study the
nonlinear reaction and the final shear connectors' behavior
in composite beams; however, the analyzed results in
analytical approach are to be justified toward the accurate
experimental findings.

A three dimensional nonlinear finite element analysis of
push out specimens using ABAQUS software has been used
in push-out tests. A comprehensive FE could provide a
notable descending in the number of experiments. Both
push-out and FE in C and L formed shear angle shear
connector have been enhanced to gain the data applied in
soft computing analysis.

2.2 Experimental program

Some push out tests with angle shear connectors is
established. The specimens comprise of a double concrete-
slab with an embedded steel reinforcement, a steel I-section
and two angle shear connectors with I-section flanges. The
shear connectors' angle has been welded to C and L (Fig. 1).
Concrete slabs have been made of Portland cement, coarse
aggregate, river sand and water weighting. The weight of
cement, water, sand and gravel is 1, 0.42, 2.75 and 1.75.

In any specimens, the applied load in universal testing
machine of 1000 kN capacity through the use of
displacement control is 0.1 mm/s. Monotonic loading has
been constantly performed, when the specimen has started
fracturing and failing. In each specimen, the load-
displacement outcomes automatically have been plotted in a
global test machine. The related shifting (displacement)
measurement has been occurred in top of the steel beam and
the bottom of concrete block in all time steps.

2.3 Analytical study

ABAQUS as FE program has been applied to represent
push-out tests to check the behavior of nonlinear properties
including 1) concrete steel, 2) geometry as large shifting
and tensile 3) compressive damage in concrete. Static
Implicit analysis has been implemented in stepwise
displacement load.
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Fig. 1 Push out test on C and L formed angle connectors
(Khorramian et al. 2015)
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Fig. 2 Finite element meshing

Concrete

Fig. 3 Interaction of contact and constraint condition
surfaces

2.3.1 Finite element model and mesh

Considering all details of push-out specimen, obtaining
accurate outcomes from FE is possible. FE model has
included five categories as: 1) concrete slab, 2) steel beam,
3) shear connectors, 4) rebar and 5) rigid base. C3D8R, an
eight node brick element with low stiffness, is used to mesh
the concrete slab, steel beam and shear connectors. Each
node in C3D8R consists of three translational degree of
freedom (DOF) used for non-linear analyzing consist of
contact, great deformation, plasticity and damage (Fig. 2).

2.3.2 Contact interaction and constraint conditions

A tangential surface contacts produced by finite element
(FE) has been seen in concrete slab and shear connector.
Indeed, all shear connector surfaces contacted to the
surrounding concrete are formed with contact surfaces.
Tangential surface contact named hard contact has blocked
the surface penetration into each other. ABAQUS penalty
contact model has been used as tangential behavior. The co-
efficient friction is 0.45. The concrete slab has been

Fig. 4 Boundary conditions

regarded as master surface and the embedded regions are to
simulate the rebar within the concrete slab. To impede the
steel beam and shear connector slipping, tie constraint has
connected the joints of two components at contact surfaces.
Contacting of concrete slab and rigid base has been
similarly shaped to shear connector and concrete contact by
utilizing a tangential friction co-efficient 0.6 and hard
contact in normal direction. The master surface is the rigid
base. Contacts interactions and constraint conditions are
shown in Fig. 3.

2.3.3 Load and boundary condition

Considering the symmetric features of push out test
specimens, a quarter specimens have been analyzed. The
symmetric boundary properties have been used to the
surfaces of the symmetric planes in specimen (Fig. 4). The
rigid base has supported the assembly with no moving. All
DOF in rigid base have mighty been fixed. Following this
research, displacement control method has been performed
to the loading used in top of steel beam. Firstly, the
displacement is 0, however, there is a linearly increasing
based on the amplitude function.

2.4 Data analysis

The input and output used in this study has been
presented in Table 1.

2.5 ANFIS methodology

In MATLAB (software), fuzzy inference system has
been used through all ANFIS training and verification
procedures. ANFIS for two variables (input) is presented in
Fig. 5.

The purpose of this study is using of Takagi and Sugeno
class (IF-THEN rules) and two-input for the first order
(Sugeno)

if xisAandyisCthen fy =pyx+qy + 1, (D)
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Table 1 Input and output factors

Input Parameter description
input 1 Height (mm)
input 2 Length (mm)
input 3 Thickness(mm)
input 4 Concrete(mm)

output Load (kN)
Layer 1

Layer2 Layer3 Layer4

oy

l:] Adaptive node © Fixed node

Fig. 5 ANFIS structure

The first layer including MF input parameters have
provided values of the same layer (input). The layer's node
is adaptive with function of " 0 = puuz(x) and 0 =
tep () Uap(x) and pucp(x) are bell formed
membership functions with the highest and lowest values as
(1.0, 0.0).

u(x) = bell(x; a;, by, c;,d;) =

aj

Regarding the set parameters of {a;, b;, c;, d;}, the layer
premise parameters are X, y (input to nodes). Membership
layer as the second layer has studied all membership
function's weight by accepting signals (receiving) of the
prior layer and performing as membership function to
represent the fuzzy sets for all input variables. Nodes are
non-adaptive, and the layer performs as a multiplier in
signal receiving and sending the results asw; = pyp(x) *
tep (¥). All output nodes exhibit the rules' firing strength.

In third layer as rule layer, all neurons are pre-condition and
matched the fuzzy rules, say once the rule activation level is
analyzed; equality between the fuzzy rule number and the
layers has been occurred. Normalizing of weights has been
analyzed by the nodes that are non-adaptive and compute
the firing strength value of the rule over the sum of all firing

strengths of the rules asw;" = ” ”;‘W , =12
1 2

The results show the normalized firing strengths.
Forth layer as defuzzification has provided output values
from the inference rules' results. The layer's adaptive node
has function: 0} = w;xf = w; (p;x + q;y +1;) with the
variable set of {p;, q;,r} as consequent parameter.

Fifth layer as output layer has provided all the accepted
(receiving) input of the prior layer to change the fuzzy
categorized outcome into binary (crisp). The fifth layer's

node is non-adaptive to calculate all output as total sum of
receiving signal

05 = wixp =2 ©)

In ANFIS architectures, hybrid learning algorithms has been
applied in the process of variables' identification. The
function signals have grown up to the forth layer then the
hybrid learning algorithm passes. Furthermore, the ultimate
variables have been gained by the least squares estimation.
In the backward pass, the error rates circulate backwards
and the premise variables are synchronized through the
gradient decline order.

3. Results

Table 2 represents the total numerical outcome of single
parameters effective to C and L, also two and three input
combinations have influenced the respective strength
performance.

Therefore, this is the optimal combination of three factors
with the greatest impact on the shear strength performance
(Table 2). The optimal combinations with two parameters
are proposed as further analysis.

In finding the proper inputs through ANFIS, the function of
whole variables only has trained each one for a single epoch.
On the combinations' maintenance, 100 epochs is ANFIS
amount trained for the aforementioned combinations to line
the over fitting between training and checking data.

ANFIS input-output surfaces graph in factors
forecasting of C and L is depicted in Fig. 6. The figure also
shows ANFIS response to the variable input parameters.

4. Conclusions

Considering the factors affecting the respective shear
strength, the performance of C and L is complex. In this
study, a new method has been suggested to remove the
forecasting performance of C and L formed angle shear
connector’s rate by eliminating redundant input factors.

Table 2 Input parameters affect LOAD forecasting

One input

Two inputs

ANFIS model 1: inl
>trn=75.2195, chk=75.1775

ANFIS model 1: inl in2 --
>trn=74.0729, chk=74.0285

ANFIS model 2: in2
>trn=76.2674, chk=76.2278

ANFIS model 2: inl in3 --
>trn=75.2195, chk=75.1775

ANFIS model 3: in3
>trn=75.2195, chk=75.1775

ANFIS model 3: inl in4 --
>trn=74.0729, chk=74.0285

ANFIS model 4: in4
>trn=74.0729, chk=74.0285

ANFIS model 4: in2 in3 --
>trn=74.0729, chk=74.0285

ANFIS model 5: in2 in4 --
>trn=74.0729, chk=74.0285

ANFIS model 6: in3 in4 --
>trn=74.0729, chk=74.0285
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Fig. 6 ANFIS forecasted relationship

A proper method has been performed to find appropriate
factors affecting the shear strength prediction of C and L
through ANFIS methodology. ANFIS has been applied to
remove the vagueness of shear strength prediction
producing the highest forecasting conditions. ANFIS has
also been implemented to change the complex several
functions into the single multi response performance index.
Consequently, in this study, the maintained forecasting
method would be appropriate to enhance the multiple
functions characterized in shear strength prediction of C and
L formed angle shear connectors analyzing.
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