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Abstract 

As global demand for seafood escalates, offshore marine aquaculture has increasingly expanded into open-ocean environments. 

Gravity-type deep-water net cages are widely used in marine aquaculture due to their cost-effectiveness and resistance to wave 

action. The floating collar system, typically constructed from high-density polyethylene (HDPE) pipes, serves as the primary 

load-bearing component and plays a crucial role in maintaining overall structural safety and buoyancy, with the connecting 

frames arrangement being particularly crucial. However, there is no standardized spacing for connecting frames, making research 

on their mechanical influence essential for design optimization. This study systematically evaluated the static performance of 

net cages under varying frame spacing and cage sizes using numerical simulation software ANSYS. Results show that under 

tensile loading, maximum stress increases at an accelerating rate with larger frame spacing. In contrast, under bending and 

torsion, stress initially rises before declining. Equivalent stiffness consistently declines with greater spacing, though the rate 

varies by loading condition. Furthermore, enlarging the cage circumference consistently decreases equivalent stiffness across all 

cases and generally elevates maximum stress, particularly under tensile and bending loads. Notably, cage circumference exerts 

a more pronounced impact on mechanical performance than frame spacing, particularly in bending scenarios where structural 

deformation is most critical. Compared to torsion, bending loads result in higher maximum stress and lower equivalent stiffness, 

indicating that the structure is highly vulnerable to bending-induced deformation and requires additional reinforcement. These 

findings can offer practical guidance for optimizing the connecting frame arrangement and improving the structural design of 

floating collar systems in gravity-type deep-water net cages. 
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1. Introduction 

With the rapid growth of the global population and the surg-

ing demand for food, particularly high-quality proteins, the 

limitations of traditional terrestrial farming methods are be-

coming increasingly evident [1, 2]. Aquaculture has gradually 
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become an important solution to address the challenges of 

food supply and the provision of high-quality protein, due to 

its significant development potential. Among aquaculture sys-

tems, net cages serve as essential infrastructure for maricul-

ture development. Notably, high-density polyethylene (HDPE) 

gravity-type deep-water net cages have gained widespread 

adoption due to their superior wind and wave resistance and 

cost-effectiveness [3-5]. 

The composition of the HDPE gravity-type deep-water net 

cage is shown in Figure 1, which mainly includes a floating 

collar system, a net system, and a mooring system. The float-

ing collar system provides buoyancy and support for the aq-

uaculture net cage to ensure the safety of the main body in a 

harsh environment. The floating collar system mainly consists 

of inner and outer floating collars and connecting frames, in 

which the connecting frames connect the inner and outer float-

ing collars into a whole to ensure stability by improving the 

overall stiffness of the floating collar system; therefore, the 

number of connecting frames is crucial for the design of the 

floating collar system. 

 
Figure 1. Diagram of the gravity-type deep-water net cage. 

In recent years, extensive research has been conducted on 

the mechanical properties and hydrodynamic characteristics 

of floating collar structures in aquaculture net cages through 

both numerical simulations and physical model tests. In terms 

of modeling approaches, Wang et al. [6] and Fredriksson et al. 

[7] advanced modeling techniques from the perspectives of re-

liability design and HDPE material properties, respectively, 

while Dong et al. [8] conducted systematic research on the 

mechanical behavior of floating collars. Zhao et al. [9-11] fur-

ther systematically compared the applicability of different 

modeling methods. 

For research on hydrodynamics and structural performance, 

early foundational work by Lee et al. [12] established a cou-

pled dynamic model. Meanwhile, Liu et al. [13, 14] investi-

gated reinforced structures, and Fu et al. [15] analyzed wave 

responses—collectively deepening the understanding of envi-

ronmental load mechanisms of the gravity-type net cage float-

ing collar system. Subsequent studies further expanded this 

knowledge, including environmental load assessments by 

Syalsabila et al. [16] and Syarifudin et al. [17], dynamic re-

sponse simulations by Pang et al. [18], numerical accuracy im-

provements by Park et al. [19], and investigations into hydro-

dynamic characteristics by Xu et al. [20, 21]. Qin et al. [22] 

examined the dynamic response of gravity-type net cages un-

der extreme conditions. Notably, Huang et al. [23-25] made 

breakthroughs in floating collar analysis, optimized structural 

designs, and provided a theoretical basis for safety standards. 

Research on fatigue performance has also advanced. Liu et 

al. [26, 27] developed numerical models and conducted sys-

tematic analyses of fatigue characteristics, providing a foun-

dational understanding of structural degradation under cyclic 

loading. Complementing this work, Bai et al. [28, 29] em-

ployed probabilistic and deterministic approaches to assess fa-

tigue life, offering critical insights into long-term structural 

reliability. Further contributions include Zhang et al.'s [30] in-

vestigation into storm load effects, which expanded the under-

standing of extreme environmental impacts on fatigue behav-

ior. 

Gravity-type deep-water net cages are widely adopted in 

marine aquaculture, with the floating collar system serving as 

a critical load-bearing structure. While numerous studies have 

investigated the hydrodynamic behavior and mechanical per-

formance of floating collars under environmental loads, most 

focus on external forces such as waves and currents. However, 

limited attention has been paid to how structural parameters, 

particularly the arrangement and spacing of connecting frames, 

affect the overall static performance and stiffness of the float-

ing collar system. 

This study systematically evaluates the static mechanical 

behavior of gravity-type deep-water net cage floating collar 

systems with varying cage sizes and connecting frame spacing. 

Using ANSYS simulations, the floating collar is analyzed un-

der tensile, bending, and torsional loading conditions to eval-

uate the effects of frame spacing on stress distribution and 

equivalent stiffness. The results reveal distinct mechanical 

trends under different loading scenarios and highlight the 

greater influence of cage circumference compared to frame 

spacing. This study provides quantitative insights and design 

references for optimizing the number and placement of con-

necting frames to enhance the safety and durability of net cage 

structures. 

2. Modelling of the Net Cage Floating 

Collar System 

2.1. Parameters of the Floating Collar System 

This study focuses on the widely used double floating collar 

circular gravity-type deep-water net cage. Since the handrail 

frames in the floating collar system are not load-bearing com-

ponents, the analysis primarily centers on the inner, outer 

floating collars and connecting frame components. The float-

ing collar components are made of high-density polyethylene, 
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with their geometry and material parameters detailed in Table 

1. To investigate the effects of different cage sizes and con-

necting frame spacing on the forces acting on the floating col-

lar, in this study, static mechanical calculations were carried 

out to analyze structural response characteristics. The analysis 

covers cages with circumference ranging from 60 m to 150 m 

and the connecting frame spacing ranging from 0.5 m to 5 m. 

Table 1. Main parameters of floating collar simulation. 

Parameters Value 

Outer diameter of inner and outer floating 

collar 
450 mm 

Thickness of inner and outer floating collar 35 mm 

Center distance between inner and outer float-

ing collar 
800 mm 

Outer diameter of connecting frame 450 mm 

Thickness of connecting frame 35 mm 

Density 1,000 kg/m3 

Modulus of elasticity 950 MPa 

Poisson's ratio 0.42 

Yield strength 24.1 MPa 

2.2. Modelling of Floating Collar Systems 

In this study, the finite element software ANSYS/Mechan-

ical is used. The components of the floating collar structure 

are regarded as PIPE elements in the simulation. Specifically, 

the PIPE20 element is a three-dimensional plastic straight pipe 

element based on beam theory, whose geometrical character-

istics are defined by two nodes in linear or curved form. Each 

node contains six degrees of freedom and exhibits tensile, 

bending, and torsion properties, while also accounting for ma-

terial properties such as plasticity, creep, and expansion. In 

addition, the actual structure of the connecting frames, which 

serve as the connecting part of the inner and outer floating col-

lar, is relatively complex. However, considering the small 

center distance between the inner and outer collars, the con-

necting frames are simplified to be the same scale pipe as the 

inner and outer floating collars in the simulation. 

The model adopts a top-down modelling method to con-

struct the floating collar structure. In terms of cell property 

setting, an autonomously controlled meshing method is 

adopted to effectively manage mesh size, element count, and 

program efficiency while ensuring computational accuracy. 

To enhance computational efficiency when handling variable 

parameters such as net cage sizes and connecting frame spac-

ing, a specialized modelling and calculation program was de-

veloped using ANSYS APDL language. Figure 2 illustrates a 

finite element model of a floating collar with a circumference 

of 60 m and connecting frame spacing of 2 m. It should be 

noted that to ensure that the loading points and restraining 

points are located on the connecting frames, the number of 

connecting frames should be determined as a multiple of 4. 

The specific circumference of the net cage and the spacing of 

connecting frames are detailed in Table 2. 

 
Figure 2. Finite element model of floating collar. 

Table 2. Selection of parameters for net cages connecting frame. 

Connecting 

frames spac-

ing (m) 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

0.5 60 120 90 180 120 240 150 300 

1 60 60 90 92 120 120 150 152 

1.5 60 40 90 60 120 80 150 100 

2 60 32 90 44 120 60 150 76 

2.5 60 24 90 36 120 48 150 60 
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Connecting 

frames spac-

ing (m) 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

Circum-

ference 

(m) 

Number of 

connecting 

frames 

3 60 20 90 32 120 40 150 52 

3.5 60 16 90 28 120 36 150 44 

4 60 / 90 24 120 32 150 36 

4.5 60 / 90 20 120 28 150 32 

5 60 / 90 16 120 24 150 28 

 

2.3. Loading Conditions 

In this study, the structural response of the net cage floating 

collar system is analyzed through static calculations, focusing 

on load types under tensile, bending, and torsion conditions. 

For the tensile conditions, the left node at position 1 is fully 

restrained (D, ALL), and a series of loads are incrementally 

applied in the Fx (+) direction at the node 3, increasing by 

2,000 N up to 20,000 N. For the bending conditions, the float-

ing collar is fully restrained (D, ALL) at the left and right po-

sition nodes 1 and 3, and a series of loads are applied with 

increments of 2,000 N up to 20,000 N in the Fz (+) direction 

at the upper and lower position nodes 2 and 4. Under the tor-

sion conditions, the left and right nodes of node 1 and node 3 

are fully restrained (D, ALL), and a series of torques are ap-

plied incrementally in the My (-) direction at node 2 and My 

(+) direction at node 4, with increments of 2,000 N·m up to 

20,000 N·m. The restraint diagrams of the net cage are shown 

in Figure 3. 

   
(a)                                     (b)                                    (c) 

Figure 3. Restraint diagrams of loading conditions. (a) tensile conditions; (b) bending conditions; (c) torsion conditions. 

3. Results and Discussion 

3.1. Determination of Floating Collar Strength 

and Stiffness 

In this study, the strength and stiffness of the floating collar 

are analyzed and evaluated by extracting the maximum stress, 

maximum displacement, and deformation of the floating col-

lar of the net cage under different working conditions. In AN-

SYS post-processing, the Von Mises stress criterion is used to 

calculate the maximum stresses and displacements, which can 

be used to determine the fatigue, damage, and strength of the 

floating collar system. 

Based on the loads acting on the floating collar system and 

the maximum displacement in the post-processing, the equiv-

alent stiffness of the net cage floating collar can be calculated 

by Equation (1): 

K = F/δ                     (1) 

Where K is the equivalent stiffness, F is the constant 

force/moment acting on the structure, and δ is the deformation 

produced by the force. 

In the ANSYS post-processing module, the stress distribu-

tion, displacement, and deformation on the floating collar are 

analyzed, which serves as the basis for evaluating the perfor-

mance of the floating collar. 
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3.2. Tensile Condition 

  
(a)                                                           (b) 

  
(c)                                                            (d) 

Figure 4. Contour plot of finite element results under tensile condition. (a) Overall deformation diagram; (b) Displacement contour; (c) Stress 

contour; (d) Strain contour. 

Figure 4 shows the contour plot of a floating collar with a 

circumference of 60 m and a connecting frame spacing of 2.5 

m under a tension load of 10,000 N. As shown in Figure 4(a) 

and Figure 4(b), the floating collar undergoes deformation and 

displacement in the X and Y directions under tension, with the 

maximum displacement appearing at the loading position on 

the far right of the floating collar, amounting to 0.270678 m. 

Figure 4(c) and Figure 4(d) show that stress concentration in 

the floating collar under the tensile conditions is mainly dis-

tributed in the restrained and loading positions, with the max-

imum stress occurring at the outer floating collar at the loading 

position, reaching a value of 3.51E6 Pa. This aligns with the 

fatigue-critical zones identified by Zhang et al. [30] under 

storm wave conditions, highlighting the need for reinforced 

designs at these locations. The results for the tensile condition 

calculations of net cages with circumferences of 60 m, 90 m, 

120 m, and 150 m (C60, C90, C120, and C150) under different 

connecting frame spacing are shown in Figure 5. 
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(a)                                                        (b) 

Figure 5. Comparative analysis of mechanical response under tensile conditions (Fx = 10 kN). (a) Maximum Von Mises stress comparison; 

(b) Equivalent stiffness comparison. 

Figure 5 presents the curves depicting maximum stress and 

equivalent stiffness for floating collar structures of different 

sizes under tensile conditions as the connecting frames spac-

ing varies. As illustrated, net cages with larger circumferences 

experience higher stress and lower equivalent stiffness, 

whereas those with smaller circumferences show lower stress 

and higher equivalent stiffness. For cages with the same cir-

cumference, the maximum stress consistently rises with in-

creased spacing of connecting frames, while the equivalent 

stiffness decreases. Additionally, under the same connecting 

frame spacing, the maximum stress increases with an increase 

in circumference, and the equivalent stiffness decreases as the 

circumference grows. 

Table 3. Ratio of incremental change of different connecting frames spacing for different sizes of mesh cages under tensile conditions. 

 C60 C90 C120 C150 

Spacing 

changes 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

0.5 - 1 8.27% -8.03% 6.03% -4.05% 5.34% -2.56% 4.13% -1.66% 

1 - 1.5 10.48% -8.48% 8.18% -4.87% 5.77% -2.91% 5.56% -2.00% 

1.5 - 2 8.00% -6.76% 9.20% -5.76% 7.27% -3.28% 5.26% -2.11% 

2 - 2.5 13.52% -9.95% 7.50% -5.09% 6.78% -3.68% 6.43% -2.66% 

2.5 - 3 10.42% -11.33% 5.83% -3.94% 7.94% -4.11% 4.70% -2.23% 

3 - 3.5 14.82% -15.12% 6.42% -5.24% 4.41% -3.07% 7.05% -3.28% 

3.5 - 4 / / 9.48% -7.48% 6.34% -4.07% 10.78% -5.57% 

4 - 4.5 / / 13.39% -11.29% 8.61% -5.72% 7.03% -4.43% 

4.5 - 5 / / 17.36% -18.36% 10.37% -8.44% 9.09% -6.37% 
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Table 4. Mean data of different net cage sizes in the spacing of 0.5 m - 3.5 m connecting frames for tensile conditions. 

Circumference 

(m) 

Average stress 

(Pa) 

Average equivalent stiffness 

(N/m) 

Stress increment 

ratio 

Equivalent stiffness increment 

ratio 

C60 3.69E+06 36,392.25 / / 

C90 4.78E+06 13,517.68 29.45% -62.86% 

C120 5.96E+06 6,277.26 24.74% -53.56% 

C150 7.09E+06 3,395.28 18.84% -45.91% 

 

Table 3 shows the stress and equivalent stiffness percentage 

changes in different-sized net cages under tensile conditions 

due to variations in the spacing between connection frames. 

From Table 3, it is evident that the growth rate of the maxi-

mum stress curve for net cages of the same size increases with 

the increase in connecting frame spacing. In the case of a net 

cage with a circumference of 120 m, when the connecting 

frame spacing increases from 0.5 m to 1 m, the maximum 

stress increases by 5.34%, and the equivalent stiffness de-

creases by 2.56%. When the spacing of connecting frames in-

creases from 4.5 m to 5 m, the maximum stress increases by 

10.37%, and the equivalent stiffness decreases by 8.44%. The 

rate at which equivalent stiffness declines generally acceler-

ates with larger connecting frame spacing. These results indi-

cate that, under tensile conditions for net cages with the same 

perimeter, the maximum stress in the floating collar escalates 

with increased connecting frame spacing, whereas the equiv-

alent stiffness diminishes. Consequently, it is demonstrated 

that under tensile conditions, for cages of the same size, larger 

spacing between connecting frames has a more pronounced 

impact on the overall performance of the cage compared to 

smaller spacing. 

Table 4 shows the average stresses and average equivalent 

stiffnesses for different-sized cages with the connecting frame 

spacing ranging from 0.5 m to 3.5 m. By comparing the per-

centage increments in connecting frame spacing detailed in 

Table 3 and Table 4, it can be observed that the average stress 

for the net cage with a circumference of 90 meters increases 

by 29.45% compared to the net cage with a circumference of 

60 meters, while the equivalent stiffness decreased by 62.86%. 

This magnitude of change is significantly greater than the in-

cremental changes caused by variations in connecting frame 

spacing for the cage with a circumference of 60 m. Further-

more, as the circumference increases, the incremental changes 

in average stress and average equivalent stiffness decrease 

gradually. It is demonstrated that changes in circumference 

have a greater impact on the overall performance of the net 

cage than changes in the spacing between connecting frames. 

Based on the charts above, the following conclusions can 

be drawn: in the case of the same circumference, with the in-

crease of connecting frame spacing, the number of connecting 

frames decreases, which leads to the weakening of the binding 

force between adjacent connecting frame connectors, which is 

reflected in the increase in stress and displacement under the 

same loading conditions. For the same spacing between con-

necting frames, as the circumference increases, the number of 

connecting frames increases. Theoretically, the equivalent 

stiffness should increase with more constraints. However, the 

increase in the circumference of the net cage weakens the 

binding force to a degree that surpasses the strengthening ef-

fect of additional connecting frames, which is reflected in 

higher stresses and larger displacement with larger circumfer-

ences under the same load conditions. Therefore, it is evident 

that changes in the circumference of the net cage have a more 

significant impact on its overall performance than variations 

in the spacing between connecting frames under tensile con-

ditions. 

3.3. Bending Condition 

As shown in Figure 6, the finite element result contour plot 

depicts the behavior of a floating collar with a circumference 

of 60 m and a connecting frame spacing of 2 m under a bend-

ing condition with a force of 10,000 N. From Figure 6(a) and 

Figure 6(b), it can be observed that the deformation and dis-

placement of the floating collar occur in the Z-direction under 

bending conditions. The maximum displacement occurs at the 

point where the load is applied, with a value of 2.83013 m. 

Figure 6(c) and Figure 6(d) reveal that the stress concentration 

in the floating collar primarily occurs in the restrained and 

loaded region, and the maximum stress occurs on the floating 

collar in the restrained region, with a value of 1.34×107 Pa. 

These results are consistent with the findings of Pang et al. 

[18], whose dynamic simulations of a novel single-point 

mooring system likewise demonstrated significant stress con-

centrations at key structural connections under irregular wave 

conditions. The bending condition calculation results for the 

floating collar with circumferences of 60 m, 90 m, 120 m, and 

150 m, with different spacing between connecting frames, are 

presented in Figure 7. 
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(a)                                                              (b) 

  
(c)                                                              (d) 

Figure 6. Contour plot of finite element results under bending condition. (a) Overall deformation diagram; (b) Displacement contour; (c) 

Stress contour; (d) Strain contour. 

  
(a)                                                          (b) 

Figure 7. Comparative analysis of mechanical response under bending conditions (Fz = 10 kN). (a) Maximum Von Mises stress comparison; 

(b) Equivalent stiffness comparison. 
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Figure 7 illustrates the maximum stress and equivalent stiff-

ness of the floating collar with different sizes under bending 

conditions as the connecting frame’s spacing varies. From 

Figure 7, it is evident that net cages with larger circumferences 

experience greater stress and lower equivalent stiffness, 

whereas net cages with smaller circumferences exhibit smaller 

stress and higher equivalent stiffness. For floating collars with 

the same circumference, the maximum stress shows a trend of 

increasing and then decreasing as the spacing of connecting 

frames widens, while the equivalent stiffness declines with in-

creased connecting frame spacing. As the connecting frame’s 

spacing decreases, the number of connecting frames increases, 

resulting in greater overall stiffness and stronger constraint ef-

fects for the net cage, which reduces its flexibility and leads 

to smaller stress effects. Conversely, as the spacing increases, 

the flexibility gradually restores, leading to increased stress. 

When the number of connecting frames falls below a certain 

spacing threshold, the characteristics of the HDPE material 

lead to excessive flexibility and insufficient stiffness, causing 

the net cage to become overly flexible and lacking in rigidity. 

When the stress is applied to a specific location of the net cage, 

the structure absorbs the load through the overall deformation, 

resulting in increased displacement of the net cage and de-

creased stress at the loading position. It demonstrates that un-

der the bending condition, the maximum stress increases and 

then decreases with the widening of the connecting frame’s 

spacing, and the rate of decrease gradually accelerates. Mean-

while, the equivalent stiffness decreases as the connecting 

frames’ spacing increases, while the rate of decrease gradually 

slows down. 

Table 5. Ratio of incremental change in spacing of different connecting frames for different sizes of net cage under bending conditions. 

 C60 C90 C120 C150 

Spacing 

changes 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

0.5 - 1 1.35% -1.20% 2.43% -1.17% 2.71% -1.21% 2.80% -1.20% 

1 - 1.5 0.15% -0.68% 0.12% -0.70% 0.19% -0.66% 0.15% -0.68% 

1.5 - 2 -0.74% -0.36% -1.25% -0.47% -0.94% -0.43% -0.76% -0.40% 

2 - 2.5 -2.24% -0.44% -1.26% -0.28% -1.33% -0.30% -1.37% -0.31% 

2.5 - 3 -1.53% -0.26% -1.02% -0.16% -1.54% -0.22% -1.08% -0.17% 

3 - 3.5 -2.33% -0.30% -1.03% -0.16% -0.78% -0.12% -1.40% -0.18% 

3.5 - 4 / / -1.57% -0.17% -1.18% -0.12% -1.74% -0.19% 

4 - 4.5 / / -1.86% -0.18% -1.39% -0.13% -1.13% -0.10% 

4.5 - 5 / / -2.16% -0.19% -1.41% -0.13% -1.30% -0.10% 

Table 6. Mean data of different net cage sizes in the spacing of 0.5 m - 3.5 m connecting frame for bending conditions. 

Circumference 

(m) 

Average stress 

(Pa) 

Average equivalent stiffness 

(N/m) 

Stress increment 

ratio 

Equivalent stiffness increment 

ratio 

C60 1.32E+07 3,541.22 / / 

C90 1.96E+07 1,109.83 48.98% -68.66% 

C120 2.61E+07 481.41 32.64% -56.62% 

C150 3.25E+07 250.68 24.60% -47.93% 

 

Table 5 shows the impact of the connecting frame’s spacing 

on stress and stiffness under various circumferences. It can be 

observed that, for a given circumference, as the connecting 

frame’s spacing increases, the maximum stress on the floating 
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collar initially increases and then decreases, while the equiva-

lent stiffness continuously decreases. Overall, as the connect-

ing frame’s spacing increases, the rate of maximum stress re-

duction in the net cage increases, whereas the rate of equiva-

lent stiffness reduction decreases. For the net cage with a cir-

cumference of 120 m, when the connecting frame spacing in-

creases from 1.5 m to 2 m, the maximum stress decreases by 

0.94% and the equivalent stiffness decreases by 0.43%. As the 

connecting frame spacing increases from 4.5 m to 5 m, the 

maximum stress decreases by 1.41% and the equivalent stiff-

ness decreases by 0.13%. A comparative analysis of Table 5 

and Table 6 reveals that changes in connecting frame spacing 

have a smaller impact on the overall performance compared 

to changes in circumference. This indicates that, under bend-

ing conditions, variations in circumference have a more sig-

nificant effect on the overall performance of the floating collar 

system. 

3.4. Torsion Condition 

  
(a)                                                           (b) 

  
(c)                                                            (d) 

Figure 8. Contour plot of finite element results under torsion conditions. (a) Overall deformation diagram; (b) Displacement contour; (c) 

Stress contour; (d) Strain contour. 

Figure 8 presents the results of a floating collar structure with 

a circumference of 60 m and a connecting frame spacing of 2 m 

under torsion conditions. From Figure 8(a) and Figure 8(b), it is 

evident that the floating collar undergoes deformation and dis-

placement in the X, Y, and Z directions, exhibiting a bow-

shaped torsional form. The maximum displacement occurs in 

the region adjacent to the loading position, with a value of 

0.074855 m. Stress concentration occurs in both the restrained 

and the loading positions, with the maximum stress located at 

the loading position, with a value of 1.22×106 Pa. The calcula-

tion results for net cages with circumferences of 60 m, 90 m, 

120 m, and 150 m featuring various connecting frame spacing 
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under torsion conditions are presented in Figure 9. 

  
(a)                                              (b) 

Figure 9. Comparative analysis of mechanical response under torsion conditions (My = 10 kN•m). (a) Maximum Von Mises stress comparison; 

(b) Equivalent stiffness comparison. 

Figure 9 shows the maximum stress and equivalent stiffness 

of net cage floating collar structures of various sizes with var-

ying connecting frame spacing. Figure 9 indicates that, at 

smaller connecting frame spacing, the maximum stress among 

net cages of different circumferences does not vary signifi-

cantly. For net cages of the same circumference, the maximum 

stress increases initially and then decreases as the connecting 

frame spacing increases. The equivalent stiffness decreases as 

the connecting frames spacing increases, with smaller-sized 

net cages exhibiting greater equivalent stiffness, while larger-

sized net cages have lower equivalent stiffness. 

Table 7. Ratio of incremental change in spacing of different connecting frames for different sizes of net cage under torsion conditions. 

 C60 C90 C120 C150 

Spacing 

changes 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

Stress in-

crement 

ratio 

Equivalent 

stiffness in-

crement ratio 

0.5 - 1 2.51% -1.69% 2.61% -1.58% 2.76% -1.59% 2.76% -1.50% 

1 - 1.5 0.75% -0.92% 0.95% -0.87% 0.95% -0.80% 1.03% -0.82% 

1.5 - 2 0.09% -0.41% 0.17% -0.54% 0.25% -0.50% 0.28% -0.46% 

2 - 2.5 -0.22% -0.38% -0.09% -0.28% -0.07% -0.32% -0.03% -0.34% 

2.5 - 3 -0.37% -0.28% -0.17% -0.12% -0.23% -0.21% -0.15% -0.17% 

3 - 3.5 -0.69% -0.14% -0.26% -0.19% -0.21% -0.13% -0.28% -0.16% 

3.5 - 4 / / -0.40% -0.14% -0.28% -0.10% -0.50% -0.21% 

4 - 4.5 / / -0.59% -0.12% -0.38% -0.11% -0.36% -0.11% 

4.5 - 5 / / -0.90% -0.12% -0.52% -0.15% -0.45% -0.06% 

 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

1E+6

1E+6

1E+6

1E+6

1E+6

1E+6

1E+6

M
ax

im
u

m
 s

tr
es

s 
(P

a)

Distance between connecting frames (m)

 C60  C90  C120  C150

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.0E+0

2.0E+4

4.0E+4

6.0E+4

8.0E+4

1.0E+5

1.2E+5

1.4E+5

1.6E+5

E
q

u
iv

al
en

t 
st

if
fn

es
s 

(N
/m

2
)

Distance between connecting frames (m)

 C60   C90   C120   C150

http://www.sciencepg.com/journal/ae


Applied Engineering http://www.sciencepg.com/journal/ae 

 

28 

Table 8. Mean data of different net cage sizes in the spacing of 0.5 m - 3.5 m connecting frame for torsion conditions. 

Circumference 

(m) 

Average stress 

(Pa) 

Average equivalent stiffness 

(N/m) 

Stress increment 

ratio 

Equivalent stiffness increment 

ratio 

C60 1.21E+06 134,167.27 / / 

C90 1.21E+06 62,713.32 0.13% -53.26% 

C120 1.21E+06 36,182.31 0.01% -42.31% 

C150 1.21E+06 23,520.53 0.01% -34.99% 

 

Table 7 details the changes in the connecting frame’s spac-

ing across various circumferences. Under the same circumfer-

ence conditions, the maximum stress of the floating collar 

shows a trend of increasing and then decreasing with the in-

crease of the connecting frame spacing. From Table 7, as the 

connecting frames spacing increases, the stress initially in-

creases and then decreases, followed by a negative growth rate 

with the decline gradually widening. The percentage incre-

ment for small-spacing connecting frames is greater than for 

large-spacing frames. The equivalent stiffness continues to de-

crease, and the rate of decrease slows as the connecting frame 

spacing increases. This indicates that within the small-spacing 

range, changes in connecting frame spacing have a significant 

effect on the performance of the net cages, while the impact is 

relatively minor within the large-spacing interval. 

Table 8 illustrates the impact of circumference changes on 

stress and equivalent stiffness. Within the 0.5 m to 3.5 m range 

of connecting frame spacing, changes in circumference have 

a negligible effect on stress. For the same spacing between 

connecting frames, the equivalent stiffness decreases with in-

creased circumference, with the rate of decrease gradually 

slowing down. For instance, the average maximum stress of 

the net cage with a circumference of 90 m increases by 0.13% 

compared to the net cage with a circumference of 60 m, while 

the average equivalent stiffness decreased by 53.26%. This in-

dicates that, under torsional conditions, changes in circumfer-

ence have a minimal impact on stress but a significant impact 

on equivalent stiffness. 

4. Conclusions 

This study conducted the finite element analysis on net 

cages of various sizes, considered different spacing between 

connecting frames, and derived the following conclusions. 

1) Net cage circumference has a significantly greater influ-

ence on structural performance than the spacing between 

connecting frames. 

2) Under identical loading conditions and cage size, bend-

ing loads compared to tensile loads, result in higher max-

imum stress and lower equivalent stiffness compared to 

torsion, indicating that the structure is more vulnerable 

to bending-induced deformation. Therefore, additional 

reinforcement should be considered to improve bending 

resistance. 

3) For cages with the same size but varying frame spacing, 

the maximum stress under tensile loading increases with 

wider spacing, with an accelerating growth rate. Under 

bending and torsion, maximum stress first increases and 

then decreases as spacing widens, while equivalent stiff-

ness consistently declines. Notably, the rate of stiffness 

reduction is most pronounced under bending. 

4) For cages of different sizes with the same frame spacing, 

maximum stress under tensile and bending increases 

with cage circumference. Under torsion, stress remains 

relatively stable with smaller spacing but increases with 

larger circumference when spacing is wider. Equivalent 

stiffness decreases in all cases with cage circumference 

enlargement. 

In practical engineering applications, both structural 

strength and equivalent stiffness must be carefully balanced 

when selecting the connecting frame layout. A layout with 

narrow spacing and more frames enhances stiffness and limits 

deformation, but may reduce structural flexibility and wave 

adaptability. Conversely, a wider spacing may lower stress 

and improve hydrodynamic compliance but compromise stiff-

ness and increase deformation risks. This study highlights the 

importance of optimizing frame layout to ensure structural in-

tegrity, safety, and operational reliability of gravity-type deep-

water net cages under varying marine conditions. 
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