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Abstract. Floating ferries are used for both civilian and military purposes. This study 

concerned with a ferry composed of sixteen connected floating pontoons. This ferry is 

simulated and optimized to carry Military Load Capacity MLC70 (Tank load).Consequently to 
the increasing demand of evolution and cost optimization, the design optimization is performed 

in this paper to obtain the optimum minimum weight which minimizesboth the cost and the 

buoyancy factor. The simulation of the ferry is performed using the finite element program 

ANSYSsoftware. Furthermore, different grades of the structural steel, hybrid materials (steel 

stiffeners covered with aluminium plates) and aluminium alloy are incorporated in this study. 

Thesimulation is verified with both practical and mathematical results. The performance of the 

ferry is investigated. In addition to the design parameters, constraints and objective functions 

are determined. The optimum weight of the ferry is obtained, followed by a reduction in the 

buoyancy factor; accordinglythe capacity of the ferry can be increased. Comparison between 

the behaviour of the different ferries using different materials is operated considering stresses, 

deformations and weight. Conclusions and recommendations are then stated. 

Keywords: Floating; Pontoon;Optimization; Ferry; Steel; Aluminium; Modelling; 
ANSYS 

1. Introduction 
 

Transport is of vital importance in the flexibility of traffic and the affluence of the economy, 

delivering people, goods and vehicles from one place to another. The usage of floating bridges is 
essential when facing relatively deep water obstacles. Floating bridges usage can be dated back to 

2000 BC.[1]. The floating bridges are used in peace and war times as they have a great importance in 

emergency situations. There are many types of floating bridges according to  the conditions of the site 
to be constructed in and according to the types of obstacles to cross [2].The most common types of the 

floating bridges are the continuous pontoon floating bridge and the discrete pontoon floating bridge [3, 

4]. There are two main features that judge the efficiency of the pontoon bridges; the safety and the 

speed of erection over the obstacles [5]. As a result of the great need to the usage of the floating 
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bridges, many upgrades and develops are being applied to the floating bridges. Many researchers 
interested in studying floating bridges usinganalytical and numerical methods in a companion with 

software programs. At the beginning of the modelling of the floating pontoon bridges many 

simplifications are applied to be able to simulate the required models with the available software 
programs. First they considered the pontoon as a beam rested on an elastic foundations andsubjected to 

the applied loads [6].Shahrabi et al. [7]developed a method to analyze the motions of a floating pier 

which was represented as number of floating pontoons. These floating pontoons were simulated as 
rigid bodies and connected to each other's by rigid and flexible connectors. After that, the development 

of the finite element programming resulted in the complete simulation of the models. Khalifa et 

al.[8]studied the performance of the floating bridges under longitudinal and transverse eccentric static 

load using ANSYS. Fu and Cui [9], numerically studied the effect of the dynamic and the static 
loading on the hydro elastic responses of connected pontoons and introduced a numerical method for 

analysis of a ribbon floating bridge [10].  Sun et al. [11] studied the dynamic response of a floating 

bridge which was consisting of multi-modules. They determined the bending moment and the mooring 
force of the floating bridge. Zhang et al. [3] investigated the dynamic response of two analytical 

models for the two types of pontoon bridges  subjected to moving loads for different depths of water. 

They concluded that the water depth has a little effect on the dynamic responses of floating 

bridges.Hirono et al. [12] divided the floating bridge to floating units and developed a measurement 
system to determine the vertical displacement of these floating units to determine the displacement of 

the floating bridge under the applied loads. The design of floating bridges to meet the requirements 

with an economic cost is a new challenging issue. The floating bridges design must consider several 
environmental loads such as waves, wind and current loads [13]. These loads in addition to the applied 

loads from the carried vehicles must be investigated and analyzed very carefully. Cheng et al. [13] 

studied the effect of the environmental loads. Halvor et al. [14] investigated the floating bridges under 
the same environmental loads and presented a numerical solution to get the required stresses, 

deformations and moments. Sha et al. [15] studied the dynamic response of the floating bridges under 

these environmental loads.  

2. Optimization 
Economic design of structures without exceeding the constraints is a challenge for the designers. 

Optimization is defined as doing something or design something as well as possible[16]. There are 

many techniques of optimization which is differing in applications, advantages and disadvantages. The 
development of optimization techniques and optimization softwareprograms are in a continuous 

increase. Genetic Algorithms are used in many optimization experiments with different techniques a 

long time ago. These genetic algorithms are used for the single objective optimization experiments at 
the first, and thenthey are expanded to deal with multi-objective optimization. Pareto genetic 

algorithm is a developed technique that can deal with the multi-objective optimization experiments 

depending on the weight factor of variables to get the optimum solution as well as possible [17]. 

Pareto optimization technique is used till our moment due to its advantage of showing the best desired 
solution with a great weight factor from many other solutions [18, 19]. The researchers and designers 

continued their development in such a challenging topic and applied many developed optimization 

techniques to many structures. In 1989 Torn et al [20] presented a guide book that explained the global 
optimization and introduced examples of many optimization problems and how to get the proper 

technique of the optimization and the solution of the problem. Carlos and Coello[21] made a 

comprehensive survey of evolutionary-based multi-objective optimization techniques. Koumousis 

andArsenis[22] performed a detailed optimization design of reinforced concrete members of a multi-
story building. Hongand Adeli[23] studied the genetic algorithm optimization which was applied by 

binary representation of parameters. They used floating-point genetic algorithm in studying the cost 

optimization of composite floors to get rid of the disadvantages of the binary method. Philippe Rigoa 
and Claude Fleury[24] used the Stiffened panelssoftware as a development of a new methodology to 

determine the preliminary design of floating hydraulic structures and naval structures. They presented 

an algorithm for optimization based on convex linearization. Mehdi and Aidini[25] defined the 
optimum mooring systems. They used a genetic algorithm for the optimization of the design of 
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mooring platforms and presented new procedures to solve these floating structures in a quick way to 
get the best mooring system. Matthias et al [26] presented a new tool of optimization for mooring 

systems for floating structures foundations. They used MATLAB in their optimization experiments. 

Fathallah et al [27, 28] applied optimization for a composite submerged hull composed of composite 
layers with different layers orientations. Their objective function was to minimize the buoyancy factor 

by using ANSYS. Brittani R. Russell et al [29] developed the characteristics of the deployable floating 

causeways due to the increasing need to this type of bridges. They studied the reconceptualization and 
the optimization of floating causeways. 

In this study, the steel ferry is simulated and optimized to achieve the minimum weight for the ferry 

using finite element modelling by ANSYS software. Additionally, different grades of the structural 

steel, hybrid materials (steel and aluminium) and aluminium alloy are incorporated in this study. 

3. Model definition 

3.1. Geometry 

The studied floating ferry is analysed to carry the Military Load Capacity MLC-70 (Tank load). It is 
composed ofa sixteen floating pontoons connected together. Each pontoon is composed of upper deck, 

lower deck and round side sheets. These sheets are modelled as shell elements, which aresupported by 

internal stiffeners in vertical, longitudinal and transverse directionswith different cross sections. These 

stiffeners are designed as beam elements. The pontoon’s dimensions and characteristicsareillustrated 
in Table 1. The pontoon is simulated in finite element program ANSYS shown in Figure 1 

 

Table 1: The floating pontoon dimensionsand characteristics 
 

Length 5.25m 

Width 2.4 m 

Depth 1.5 m 

Weight 3.356 ton 

 

 
Figure 1: The Isometric view of the floating pontoon. 

 
These floating pontoons are made of steel 37 with properties illustrated in Table 2[8, 30]. 

 
Table 2: The properties of structural steel 

Density 7850 kg/�� 

Tensile yield strength 2.4×10� (Pa) 

5.25m  

2.4m  

1.5m  
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Compressive yield strength 2.4×10� (Pa) 

Tensile ultimate strength 3.6×10� (Pa) 

 

The ferry is composed of sixteen floating pontoon with a total length of (21.3 m), a total width of (9.9 
m) and a depth of (1.5 m). These pontoons are arranged as follows in Figure 2; four pontoons in the 

transverse direction are separated by 10 cm and these pontoons are repeated another three times in the 

longitudinal direction. 
 

 

Figure 2: The floating ferry  

These pontoons are connected together by upper and lower connections. The connection system 
between pontoons is simulated to be 8 connections at the long directions divided on the upper and the 

lower levels and 6 connections in the short direction also, divided also on the upper and the lower 

levels. The characteristics of the ferry are as shown in Table 3. 

 
Table 3: The dimension of the floating ferry 

Length 21.3 m 

Width 9.9 m 
Depth 1.5 m 

Weight 53698 Kg 

3.2. Loads 

The applied load is the load of the tank MLC70 and the characteristicsof the tank are as shown inTable 
4. 

Table 4: The floating ferry properties 

Tank weight (W) 63.5 ton 

Track length (L) 4.5 m 

Track width (B) 0.5 m 

The pressure from the tank tracks over the ferry (P)is calculated as: 

P =
�

� ∗ � ∗ 	
(1) 
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3.3. Boundary conditions 

As shown in Figure 3 the ferry is subjected to the tank load simulated as the two paths illustrated in 

red colour. The own weight of the ferry is taken into consideration. The elastic supports are assigned 
to the lower deck to represent the effect of the water, usingcalculated specific elastic stiffness (K). 

 

 
Figure 3: The boundary conditions 

Following the principles of floating; the weight of the ferry is equal to the weight of the displaced 

volumeof water by the ferry[31]. The stiffness of the elastic supports differs from one case to another 
according to the density of the fluid, the stiffness of the submerged structure and its mass. 

3.4. Elastic support stiffness calculation 

In this model the lower deck of the ferry is supported with elastic supports with stiffness (K) so, 

 F
 = w
 (2) 

Where,  (F
)represents the weight of the ferry, and (w
)represents the weight of the displaced water. 

The own weight of the steel ferry (F
) is calculated using ANSYS software and(w
) must be equal to 
that weight to keep the ferry floating. The weight of the displaced water is computed as follows: 

 w
 = F� × F� × ∆ × ℽ
 (3) 

Where, (F�) represents the breadth of the ferry without connections = 9.6 (m),  (F�)represents the 

length of the ferry without connections = 21 (m), (∆)represents the draft of the ferry under its own 

weight, (ℽ
) represents the density of water = 1000 (kg/m�) 

By substituting in equation (3), ( ∆ ) is calculated. The stiffness of the elastic support (K ) must make 

the deformation of the ferry under its own weight equal to (∆). The stiffness is computed as follows: 

 w
 = k × F� × F� ×  ∆ (4) 

By substituting in equations (3) and (4). 

 k =  ℽ
 (5) 

4. Validation 

The draft of the ferry from the simulation by ANSYS software is compared to the practical and 
mathematical results. The practical result is shown in Figure 4, showing the draft of the ferry under its 

own weight. The draft of the ferry under its own weight measured to be (26.8 cm) from field. 
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Figure 4: The practical value of the draft of the steel ferry 

Using mathematical equations, the draft is determined as follows: 

 F
 = w
 (6) 

The own weight of the steel ferry equals (53698 Kg), so w
 must be equal to that weight to keep the 
ferry floating. 

w
 = F� × F� × ∆ × ℽ
  = F
 (7) 

∆  = 
��

��  × �� × ℽ�

 (8) 

By substituting in equation (8), ( ∆ ) is calculated to be (26.59 cm).The numerical results from the 

simulation in ANSYS are based on the mathematical equations therefore; the results are the same as 
shown in Figure 5 and matches with the practical results with a matching percentage of (99.2%).  

 

Figure 5: The draft of the ferry under its own weight 
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5. Simulation of the ferry 
5.1. Beam and shell elements simulation 

The simulation of the ferry begins with determining the coordinates of every member. These 
coordinates are simulated as the key points in the graphical user interface of the software program. 

The stiffeners of the pontoon are simulated as beam elements. There are five different cross sections 

for the beam elements used in this model. On the other hand, the upper, lower and rounded side sheets 
are simulated as shell elements which are created from edges with the required thicknesses. After that, 

the pontoon is repeated by generatingtwo patterns; the first pattern repeats the finished pontoon in the 

X direction another three times to get the required four pontoons. The second pattern repeats these 

four pontoons in the Z direction another three times to get the required ferry which is composed of 16 
floating pontoons as shown inFigure 2. 

5.2. Elements contact 
The elements are now generated, but still work individually, thereforethe elements must be connected 

together. To connect the elements there are a target and contact bodies. The shell elementsare 
considered the target and the beam elements (stiffeners) are considered the contact bodies. 

5.3. Meshing 
The smaller the element size is the more accurate the results are, but also it takes more time in solving 

the model. The smart meshing with different elements sizesis performed more than one time until the 

results have almost the same values. The meshing is refined at the critical position(tank tracks and the 
deck of the ferry around the tank tracks) to get more accurate results as shown in Figure 6. 

 

Figure 6: The meshing of the ferry 

5.4. Solution 

The analysis is performed according to the previous simulation and the required results are 
determined. The total deformation and Von Misses stresses aretabulated in 
Table 5. 

Table 5: The results of the ferry under MLC70 

Total deformation 0.59407 m 

Von Misses stresses 8.7215×10�Pa 

Figure 7shows that the total deformationof the ferry under the static load of MLC70 is symmetric with 

a maximum value of (0.594 m). 
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Figure 7: The total deformation of the ferry under MLC70 

Figure 8 illustrates the Von Misses stresses. The ferry is affected by a symmetric manner of the 
stresses over the ferry under the load of the MLC70 with a maximum value at the tank tracks. The 
connections between the pontoons are affected by these applied loads, specially the transverse 
connections. The maximum value is (8.7215 ×10� Pa). 

 
 

Figure 8: The von-Misses stresses under MLC70 

6. Optimization Process 

There are many techniques of optimization and many are supported by ANSYS such as screening, 

multi-objective genetic algorithm,non-dominated sorting genetic algorithm (NSGA), non-linear 
programming by quadratic lagrangian, etc. According to the number  and type of input parameters the 

used technique is determined automatically [32]. In our study the screening optimization is used to get 

the optimum weight of the ferry as well as possible as a rapid process. The Screening optimization 

method uses a simple approach based on sampling and sorting. This method supports multiple 
objectives and constraints as well as all types of input parameters. The screening method is the first 

process that is used in the new developed optimization strategy which is called the multiphase 

optimization strategy (MOST)[33, 34]. Usually, it is used for preliminary design, which may lead the 
designers to reach to the predicted results in a quick way instead of try and error methods. This flow 

chart illustrate the used technique to get the optimum design. 
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Figure 9: Optimization Flow Chart 

6.1. Objective function 

In order to apply the optimization process to the ferry, it is obligatory to determine in advance the 

objective function to be able to determine the parameters and the constraints. In this study, the 
optimization is performed at two stages; the cross sections are optimized first, then the shell 

thicknesses in the second stage. The objective function is to minimize the buoyancy factor (B F) that 

Original ferry design 

The objective function 
formation 

Constraints 
Determination Choice of Parameters 

Design of optimization 
experiment 

Initial design 

Results 

Converge 

Analysis of 
the 

experiment 
Error 

End 

Yes 
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results in the reduction of the ferry weight. The following equation defines the buoyancy factor[27, 
35-37]. 

 �ℎ� �������� ������ (B F) =
�!

"! × ℽ#

 (9) 

 

Where, (�!)represents the total weight of the structure and("!)represents the total volume of the 

structure.Hence, the objective function is to minimize the buoyancy factor. Therefore, the objective 
function is defined as: 

F1(X): minimize  $ � =
%&

'&×ℽ*
 (10) 

6.2. Constraints 

The optimization problem is constrained under two constraints; the stress constraint (g+) and the 

deformation constraint (g�) which are defined as follows: 

,+ =
�-/!

�2

 ≤ 1 (11) 

,� =
∆

5!

 ≤ 0.8 (12) 

Where, (�-/!) represents the actual stress from the applied loads and (�2) represents the strength of the 

materials which equals (2.4 t/cm
2
) for steel 37.  

6.3. Design variables 

The design variables are the parameters, which are supposed to be optimized. These parameters are the 

cross section dimensions of the three angles sections (angle 80, angle 90 and angle 120) and two I-

beams sections (I-beam 160 and I-beam 180). 

�7
9 ≤ �7 ≤ �7

;, i =1,2,….,6 (13) 

Where, (W<) represents the cross sections of the angles (the 2 legs dimensions) for every angle (angle 

80, angle 90 and angle 120) respectively, (W<
�) represents the lower bound value for every parameter 

and(W<
>) represents the upper bound value. 

�?7
9 ≤ �?7 ≤ �?7

;, i =1,2,3,4 (14) 

Where, (W@<)  represents the flanges of the two I-beams (lower flanges, then upper flanges) 

respectively,(W@<
�) represents the lower bound and (W@<

>) represents the upper bound. 

�A
9 ≤ �A ≤ �A

;, i =1,2 (15) 

Where, (�A) is the height of the two I-beams (I-beam 160 and I-beam 180) respectively, (�A
9) 

represents the lower bound and(�A
; ) represents the upper bound.These parameters are optimized 

together with a thousand trial for each parameter to reach the optimum solution as well as possible. 

Every parameter resultsare determined through the optimization processand these resultsare chosen to 

be convergent to the objective function within the limits of the constraints. The results have a 

theoretical value that are not easy to be manufactured, but these values may be rounded to the values 
that can be manufactured. 
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7. Results 
The results are generated from the chosen samples composing a thousand result of the optimization 

process as shown in Figure 10. 

 
Figure 10: The whole optimization results 

According to the design of the experiment these are the best three candidate results which are the most 

approached results to the optimum result. These candidate points achieve the objective function 
without exceeding the constraints limits. These results are tabulated in Table 6. 

 

Table 6: The parameters values for the three candidate points 

Parameter number Candidate result 1 Candidate result 2 Candidate result 3 

1 0.0657 (m) 0.06657 (m) 0.06905 (m) 

2 0.0661 (m) 0.06146 (m) 0.06278 (m) 

3 0.076 (m) 0.079 (m) 0.08526 (m) 

4 0.08474 (m) 0.082554 (m) 0.078586 (m) 

5 0.11375 (m) 0.11914 (m) 0.11197 (m) 

6 0.11379 (m) 0.11756 (m) 0.1032 (m) 

7 0.06814 (m) 0.682 (m) 0.08209 (m) 

8 0.06825 (m) 0.6815 (m) 0.07674 (m) 

9 0.11822 (m) 0.11864 (m) 0.14807 (m) 

10 0.08698 (m) 0.7748 (m) 0.0879 (m) 

11 0.07785 (m) 0.7842 (m) 0.08572 (m) 

12 0.1627997 (m) 0.15549 (m) 0.15574 (m) 

 

Figure 11 illustrates the candidate results with the constraints. 
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Figure 11: The candidate points 

The lower horizontal axis represents the input parameters and the design variables and the upper 

horizontal axis represents the Von Misses stresses. The maximum value of Von Misses stresses is 

(1.1161×10�Pa). The first candidate resultis used to apply the shell thickness optimization to reach the 

optimum solution. The upper, lower and side shells are used as design variables. 

�C
9 ≤ �C ≥ �C

;, i =1,2,….,6 (16) 
Where, (�C ) represents the shell thickness for upper, lower and side shells respectively, ( �C

9 ) 

represents the lower bound and (�C
;) represents the upper bound. The objective function is the same 

in stage 1. The values of the shell thicknesses before and after optimization are shown in Table 7. 

Table 7: Shell parameters values before and after optimization 

Parameter number Original value Optimized value 

T1 0.006 (m) 0.006 (m) 

T2 0.004 (m) 0.002 (m) 

T3 0.004 (m) 0.002 (m) 

T4 0.004 (m) 0.002 (m) 

T5 0.004 (m) 0.002 (m) 

T6 0.004 (m) 0.002 (m) 

 
The thickness of the upper deck is not reduced as the stresses would increase. The lower and side 

shells are reduced. Figure illustrates the difference of weight before and after optimization. 
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Figure 12: The comparison between weight before and after optimization 

The optimization process of the ferry under the studied constraints and objective function reduces the 

weight to be optimum with a reduction of 24.7% from the original weight. The total deformation is 

also improved due to the reduction of weight. Figure 13shows the comparison of the total deformation 
before and after optimization. 

 

 
Figure 13: The comparison of total deformation 

This chart illustrates that the buoyancy factor is minimized that results in the reduction of the ferry 

weight and the total deformation. It also illustrates that the effective constraint is the strength of the 

used material not the draft. If the material is changed with another one with a higher strength there will 
be better optimization results and more reduction in weight and cost of the ferry. 

8. The redesign of the ferry 

It is obvious that using material with more strength for the ferry results in more reduction in cross 

sections that result in further weight optimization. Different grades of the structural steel are used 
instead of steel 37 in addition to both the hybrid materials and the aluminium alloy (Al 6061) [38] also 

for the simulation of the ferry. The hybrid design is composed of the original steel stiffeners without 
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optimization covered with aluminium sheets from all sides. This hybrid design reduces the weight in 
addition to the simplification of the manufacturing process. The properties of the used materials are 

shown in Table 8. 

Table 8: The properties of the used materials 

 Steel 44 Steel 52 Al 6061 

Density 7850 kg/�� 7850 kg/�� 2770 kg/�� 

Tensile yield strength 2.8× 10� (Pa) 3.6×10� (Pa) 2.8×10� (Pa) 

Compressive yield strength 2.8×10� (Pa) 3.6 ×10� (Pa) 2.8 ×10� (Pa) 

Tensile ultimate strength 3.6 ×10� (Pa) 4.6 ×10� (Pa) 3.1 ×10� (Pa) 

 
The material is changed in the model and the new constraints values are determined for every material. 

The new values of the constraints are the yield strength values for the used materials. 

Figure 14shows the comparison between the ferry weight for the used materials after optimization and 
the original weight of the ferry. 

 

 
 

Figure 14: The Weight before and after optimization with different materials 

 
For steel 37 the reduction in weight is about 24.7% as shown inFigure 12. For steel 44 the reduction 

of weight is about 30.9% of the original load, for steel 52 the reduction of weight is about 39.2% of 

the original load, for the hybrid design the reduction of weight is about 41.3% and for aluminium alloy 
the reduction of weight is about 77.5% of the original weight. This optimization values reduce the 

buoyancy factor and make it possible to increase the capacity of the ferry. This optimization values 

affect the total deformation as shown in Figure 15. 
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Figure 15: Total deformation before and after optimization with different materials 

 

 

The deformation values are reduced as the total weight of the ferry is reduced. 

9. Conclusion 

In this study, the considered metallic ferry is simulated using ANSYS software. The ferry is loaded 

with a tank load (MLC-70). The model is verified with both practical and mathematical results. 

Optimization process is performed to obtain the minimum buoyancy factor and the optimum weight. 
Based on the aforementioned results, the buoyancy factor of the ferry is minimized and the ferry 

weight is reduced with a percentage of (24.7%) of the original weight for steel 37. Changing the grade 

of the structural steel to become steel 44 results in a reduction in weight of about (30.9%) of the 
original weight. The reduction in weight for steel 52 equals (39.2%) of the original weight. The hybrid 

design reduced the weight by about 41.3% from the original weight. Using aluminium alloy (Al 6061) 

instead of steel 37 results in a reduction of about (77.5%)of the original weight. Additionally, the total 
deformations are reduced for the whole optimized cases due to the reduction in weight. The strength of 

the used material has the effective constraint so, increasing the strength of the used material results in 

increasing the strength of the material and results in more reduction in weight. 
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