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Abstract 

The Action Plan is "socially sustainable" if and only if 

both the "propensity" and the "reduction in the number of 

accidents" are high. Figure 5 is an example of a 

formalization of this rule that uses Mamdani's sum-

product inference [28] to ensure monotonicity in the 

results [22]. The FIS generates a set of fuzzy outputs, one 

for each of the three dimensions of sustainability, based 

on the values currently being fed into it for the input 

variables (indicators). 

Introduction  

To assess the efficacy of the F-BEM, we compared 

it to the widely used AHP technique, which 

assesses many pollution-reduction plans in light of 

a single case study. A total of 38,950 people live in 

the municipality of Mira, which is located in the 

province of Venice (population density: 393,81 

people per square kilometer). Goods and people 

traveling between Padova and Venice utilize the 

majority of the transportation infrastructure (roads 

and trains). Approximately twenty percent of 

commutes were taken by buses along the primary 

route linking the two cities at the time of the study. 

Since the public transportation system in Mira was 

inadequate, most people drove themselves to and 

from work or school (about 60% of all trips). 

approximately 10% of all trips were made by 

persons riding bikes or walking, with most of these 

trips occurring inside the city limits (approximately 

30% of all trips).  

Exploring Possibly More Effective 

Policies 

 The procedure of assessment included looking at 

three distinct sets of policies: A. New Form of 

Urban Transportation (UTS) 1. High travel density 

during mornings and nights necessitates a UTS 

connecting the major areas to the train station. 

Passengers above the age of 75 and those who have 

valid transit cards may ride for free. Buses were 

used to transport the group of 19 customers. Table 

2 details other service features. Second, a different 

kind of Dial-a-Ride service. Customers arranged 

for this service by contacting the Operations 

Centre, providing pick-up and destination locations 

inside the city limits (such as bus stops and railway 

stations) and the time they want to leave or arrive. 

The terminal accepted reservations up to 24 hours 

before the bus was scheduled to depart. The service 

was provided by a bus (with seating for up to 19 

passengers), and tickets were priced similarly to 

those on the UTS. Table 2 provides a summary of 

further features. EOPN, is an alternate even-

numbered plate number. During the hours of 8:00 

a.m. and 10:00 a.m. on Tuesdays and Thursdays, 

only cars with catalytic converters and even-

numbered license plates are allowed on the road. 

During the week used in the study, traffic volumes 

decreased by 2.5% on average. The examination 

also revealed other distinctions between the 

options. 

Mechanical Description of Discontinuous 
Deformation 

 Consider a discontinuous physical domain Ω as 

shown in Figure 1.The domain contains a cohesive 

crack, and the cohesive interfaces can be denoted 

by Γ+ 𝑐 and Γ− 𝑐 . The prescribed tractions F are 
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imposed on boundary Γ𝐹 and the prescribed 

displacement u on Γ𝑢. The stress field inside the 

domain, 𝜎, is related to the external loading F and 

the tractions t + and t − along the discontinuity 

through the equilibrium equations [20]: 

 

Here the traction t is a function of the relative 

displacement w between Γ+ 𝑐 and Γ− 𝑐 , that is, t = 

t(w). The domain surrounding the discontinuity is 

assumed to be elastic. We further assume small 

strains and displacementMathematical Problems in 

Engineering 3 condition. Thus, the constitutive law 

and geometric equation for the domain can be 

written as 

 

Cohesive Zone Model  

Figure 2 depicts the usual push-out test setup, 

including the interfaces between the concrete slabs 

and the steel girder flanges, as well as the shear 

connections and the surrounding concrete. During a 

push-out test, a cohesive bonding stress arises 

between the concrete and steel. When the bonding 

resistance is greater than the longitudinal shear 

stress, no slide is predicted at the contact. Interface 

slippage occurs when loads and longitudinal shear 

stresses both surpass the bonding resistance. Crack 

initiation and propagation occur when normal stress 

exceeds the tensile strength of the interface, leading 

to uplift pressures on the shear connections. Here, 

we employ a cohesive zone model to characterize 

the link between the interface shear stress and slip 

displacement and between the normal stress and the 

tensile displacement in order to perform a 

continuous-discontinuous deformation analysis of a 

push-out test. To explain the connection between 

cohesive stress and cracks dis placement during 

material fracture, Dugdale suggested the cohesive 

zone model [22]. Yang et al. [[23–26]] used a 

criteria suggested by Wang and Suo to examine 

mode-I and mode-II fracture by developing a 

functional connection between cohesive stress and 

the relative displacement. Fiber reinforced 

polymers (FRP) and concrete bond interface 

mechanical performance has been analysed using 

cohesive zone models [27, 28]. Ling et al. [20, 29] 

examined progressive failure at the soil-structure 

interface using an augmented finite element based 

on a cohesive zone model. Mechanical 

characteristics of the bond interface, including 

modulus, strength, and toughness, may be inferred 

using the cohesive zone model [30], provided the 

appropriate parameters are used. Figure 3 illustrates 

the multiple broken line mode cohesive zone model 

used here. In this model, normal displacement (w) 

and slip displacement (u) are denoted by different 

symbols. The normal and shear stresses are denoted 

by and. Mode-I and mode-II fractures have peak 

stresses of 1 and 1, respectively. 

 

Figure 2: Interface between steel and concrete of typical push-

out test. 

The multiple broken lines mode cohesive zone 

model can be written as follows: 
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Cohesive Interface Element  

A zero-thickness cohesive interface element was 

impleminted using a user-defined subroutine UEL 

in ABAQUS [21, 27, 31, 32]. In the user-defined 

element, the element stiffness matrix (AMATRX), 

nodal residual force vector (RHS), and state 

variables (SVARS) must be defined. The eight-

node cohesive interface element used in this paper 

is shown in Figure 4. The nodal displacements of 

cohesive interface element in the global coordinate 

system are denoted by u; then, the relative 

displacement between the top and bottom nodes 

can be given as follows: 

 

Here N(𝜉, 𝜂) is the standard shape function. The 

matrix B(𝜉, 𝜂) is defined as follows: 

 

 

Figure 3: Cohesive zone model of interface. 

 

Figure 4: Cohesive interface element. 

Finite Element Model of Push-Out Test  

Testing for Push-Outs in Geometry.  

This paper's analysis of a push-out test specimen 

had the same geometry as one employed in an 

experiment by Guezouli and Lachal [15]. Figure 6 

depicts the push-out test specimen's geometric 

characteristics. The steel beam measured 260 mm 

in both height and breadth, with 17.5 mm flange 

plate and 10 mm web plate thicknesses. The 

dimensions of the concrete slab were 620 mm in 

length, 600 mm in breadth, and 150 mm in 

thickness. The transverse and longitudinal 

reinforcement in the concrete slab were 520 and 

550 millimeters in length, respectively, with a 10 

millimeter diameter. The studs were one centimeter 

in height. The stud heads were 31.7 mm in 

diameter, but the shanks were just 19 mm. 5.2.2.1 

Material Specs. Figure 7(a) displays the 

constitutive relationship for the concrete employed 

in this study. The concrete slab has a Young's 

modulus of Ec = 36,900 MPa and a Poisson's ratio 

of 0.2. The model utilized the compression strength 

of a cylinder, fck = 56 MPa, and the tension 

strength, ft = 3.96 MPa. Literature data was used to 

determine that 0.8 fck = 44.8 MPa and 0.0012 

strain were appropriate proportional limits [14, 17, 

18]. The final compressive strain was 0.0022 times 

the strength at the point of failure. Concrete's 

ultimate strain at failure was 0.01 in compression 

and 0.005 in tension. The concrete component 

made use of an ABAQUS-based damage plasticity 

model. Steel beam, shear stud, and reinforcement 

all have the same Young's modulus of 210,000 
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MPa. Steel has a Poisson's ratio of 0.3. For this 

analysis, an ideal elastic-plastic model was used to 

the steel beam. The steel beam's yield strength was 

355 MPa. Figure 7(b) depicts the constitutive 

connection between the shear stud and the 

reinforcement. 500 MPa was the yield stress, while 

550 MPa was the ultimate stress. Based on 

information available in the literature [10, 17, 33], 

strain before strain hardening and strain when 

ultimate stress is reached are set at 0.02 and 0.10, 

respectively. 

Strain at strain hardening is set at 0.02, while strain 

at ultimate stress is set at 0.10, based on data from 

the literature [10, 17, 33]. 

Analysing Data Using Numbers  

The bending and buckling resistance of 

the shear connector  

Push-out test load-slip curves are shown in Figure 

9(a).The ordinate value is the average force exerted 

by each stud, calculated by dividing the total action 

load by the total number of studs. The point U on 

Figure 6 represents the average slip at the 

interface's top, while the slip at the interface's base 

serves as the abscissa. 

 

Figure 6: Push-out test model (unit: mm) 

 

Figure 7: Constitutive laws for concrete, studs, and 

reinforcements 

 

Figure 8: Finite element model. 

of the interface (point D in Figure 6). The 

experimental results shown in Figure 9(a) were 

reported by Guezouli and Lachal [15]. Results of 

the shear strength of shear connectors calculated by 

Eurocode-4 and AASHTO LRFD are also shown in 

Figure 9(a)[39, 40].  

 Conclusions  

In this research, the tangent slip and normal crack 

at the interfaces of the concrete slab and the steel 

girder flange, as well as the shear connections and 

the surrounding concrete, were characterized using 

a multiple broken lines mode cohesive zone model. 

Using ABAQUS's user-defined element sub 

procedure UEL, a zero-thickness cohesive element 
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was added to a finite element model. The push-out 

testing procedure, including the load-displacement 

curve, relative displacement of the interfaces, and 

stress distribution at the interfaces, was modelled 

using three-dimensional numerical analysis. The 

research has led to the following inferences. (1) 

The method proposed in this paper is able to 

precisely determine (a) the shear strength and shear 

stiffness of the shear connectors, (b) the normal 

separation and tangential slip of the interfaces 

between the concrete slab and the steel girder 

flange, and (c) the normal separation and tangential 

slop of the interfaces between the shear connectors 

and the surrounding concrete. Even at light loads, 

there was separation between the stud root and the 

concrete on the surface perpendicular to the load. 

Separation values for the push-out test model used 

in this article were highest at the top stud and 

lowest at the center stud. The findings revealed a 

non-uniform distribution of normal separation and 

tangential slip at the interface of the concrete slab 

and the steel girder flange. 
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