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Numerical Analysis of Resistance and Dynamic
Behavior of Gravity Cage Involving Multiple Cages

of the Same Internal Volume

Kyusuk Choi

Department of Fisheries Physics,
Pukyong National University

Abstract

In fisheries, the importance of designing efficient fish cages is being
emphasized, as aquaculture has become more production than capture
fishing. Particularly, the gravity cage system is one of the popular fish
cage system in Korea. Currently, gravity cages of various shapes and
sizes are being widely designed and installed in offshore and inland
seas.

The cage 1s subject to external forces, such as currents and waves,
and the shape of the structure and tension on the ropes changes
according to these external forces. Thus, it is important to accurately
calculate these dynamic behavior, including the external forces and

tension on the structure during the design stage. In this study, three
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types of cage systems with an equal internal volume of 8000 m3 were
analyzed using mass-spring models and their behavior was interpreted
through simulations.

These simulations were used to analyze the behavior and tension of
the ropes in response to currents and waves to aid in the selection of
individual cage sizes for a given total volume. The numerical calculation
results indicate that the resistance increased with flow rate in all cages,
and internal volume reduction rate increased as well. Further, as the

number of cages increased for all flow rates, total resistance increased.
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Table 1. Specifications of cage system

Individual cage specification
Number Internal | Total volume
Breadth | Length Depth Vol
of cage (m?)
(m) (m) (m) 3
(m”)
System 1 3 10 10 10 1,000 8,000
System 2 4 14.1 14.1 10 2,000 8,000
System 3 2 20 20 10 4,000 8,000
Table 2. Specifications of a cage
Thickness (mm) Mesh size (mm) Material
Netting 4 55 Steel
Rope 40 - Nylon
Frame - - Steel
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Fig. 1. Structure of fish cage systems ((a) System 1, (b) System 2,
(c) System 3).
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Fig. 2. Placement of cage (a) flexible structure and (b) rigid body.
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(c)

Fig.5. Displacement measurement position A : front check point, B rear check
point

((a) System 1, (b) System 2, (c) System 3).
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Fig.6. Displacement measurement position A according to velocities

((a) horizontal displacement, (b) vertical displacement).
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((a) horizontal displacement, (b) vertical displacement).
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Fig.6. Amplitude of cage system 2 according to waves of height 4m.

Table 3. Maximum amplitude of cage systems at position A according
to waves of height

Wave height Maximum amplitude at position A (m)
(m) System 1 System 2 System 3
2 Pt o) 2 m 2 m
4 4 m 4 m 385 m
6 om 47 m 53 m
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Table 4. Maximum amplitude of cage systems at position B according
to waves of height

Wave height Maximum amplitude at position B (m)
(m) System 1 System 2 System 3
2 1.9 m 19 m 1.7 m
4 4 m 4 m 39 m
6 58 m 56 m 53 m
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=3
Table 5. Maximum total tension of the mooring line with different cage
systems
Wave height Maximum total tension of the mooring line(kgf)

(m) System 1 System 2 System 3

2 3875 kgf 2561 kgf 3000 kgf

4 4628 kgf 3039 kgf 3391 kgf

6 7162 kgf 5634 kgf 3734 kgf
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