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Abstract: An analysis is conducted on the hydrodynamic response law of a single module maritime airport,
considering the atmospheric variables of the wind and wave field. The analysis is based on hydroelastic theory and
focuses on the typhoon-driven very large floating structures (VLFS) configuration of the maritime airport. The
findings indicate that the proposed method enables efficient information exchange between the fluid and structure
domains through the coupling interface. The displacement of the maritime airport affected by the typhoon’s wave field
1s mostly determined by the direction of the flow. The wave loads acting on the floating body also influence the wave

profile of the irregular wave and the deformation of the floating body. The von Mises stress distribution is not
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significant in all parts of the floating body.
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0 Introduction

Approximately 71% of the Earth’s surface con-
sists of water. Propelled by the pressing issues of cli-
mate change and growing population, there has
been a significant surge in the development of float-
ing technologies in recent decades. Very large float-
ing structures (VLFS) have gained significant popu-
larity as they provide support for marine airports, of-
fering a range of functions including aircraft take-off/
landing, maintenance, and refueling. This has made
them a preferred choice over traditional land recla-
mation methods. These advantages include minimal
environmental impact, the ability to choose from a
wide range of locations, and the flexibility to ex-
pand or remove the structures as needed""’.

Maritime airport VLFS, extending over sever-

al kilometers, are essential for marine economic de-
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velopment and security. They necessitate structural
flexibility to manage the nonlinear dynamic respons-
es induced by typhoons and waves, such as elastic
deformation and fluid-solid coupling, which poses
challenges to current engineering standards™*.

When it comes to the dynamic response charac-
teristics of VLFS, the most commonly used meth-
od is the rigid module flexible connection (RMFC)
method ”*'. Karmakar et al.'” examined the interac-
tion between waves and multiple articulated plat-
forms by dividing the offshore super large floating
platform into separate modules. Meanwhile, Gao et
al."*" demonstrated that the hydroelastic response of
VLES could be effectively reduced through RMFC
connection.

Previous research utilizing RMFC or continu-
ous beam modeling has concentrated on floating

structures subjected to regular waves. However,
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there is still little understanding of how maritime air-
ports respond to irregular waves. The substantial
elastic response of water in current-wave environ-
ments, combined with single modules measuring ap-
proximately 300 m in length, requires the explora-
tion of alternative modeling approaches. This inves-
tigation examines the hydrodynamic response of a
single module through the application of a novel flex-
ible module rigid connection (FMRC) method, sim-
ulating the performance of very large floating struc-
tures under extreme waves induced by typhoons us-
ing STAR-CCM+ software. This study utilizes the
hydroelastic theory to analyze stress, displacement,
and fluid forces, providing essential insights for the

design of maritime airports.
1 Modeling and Simulation

1.1 Multi-flexible rigid hybrid modeling method

This paper explores the development of a sin-
gle module highly large floating structure with the

goal of designing a maritime airport.

The deformation of the floating body must ad-
here to the slope specifications of airport pavement
in China. In contrast to the traditional RMFC mod-
el, the maritime airport’s single module is designed
using stronger steel. Additionally, a novel connec-
tion method called multiple flexible module rigid
connection (FMRC) is employed to consider the
module’s deformation. Moreover, the design em-
ploys a flexible module rigid connection method to
ensure stability under dynamic wave loads, with
flexible modules distributing stresses and rigid con-
nections preserving integrity, suitable for the high-
energy wave spectra associated with Typhoon Me-
gi"®¥. This approach improves adaptability, con-
trasting with the traditional offshore designs that em-
phasize stability through the use of stiff modules and
flexible connections in a rigid module flexible con-
nection method ", Each individual module con-
tains an upper floating plate. The structure consists
of five lower floating plates, ten columns, and eight
bracing rods. The design parameters of a single

module are presented in Table 1'%/,

Table 1 Main design parameters of single module

Parameter Value Parameter Value
Total length/m 300 Density/(kgem *) 7850
Total width/m 100 Young’s modulus/Pa 2.10 10"
Total height/m 27 Poisson coefficient 0.30

Underwater height/m 14 Roll inertia moment 2.11x10"
Column height/m 16 Pitch inertia moment 1.73X 10"

Column diameter/m 18 Yaw inertia moment 1.90x 10"

Drainage volume/m?® 854 219.44 Displacement/t 85213

VLFS of the maritime airport is deployed in
the South China Sea. It is composed of a semi-sub-
mersible single module floating body structure with
a total length of about 300 m. The adjacent of the
module is connected laterally by two connectors
through fixed hinge coupling, and the module mo-
tion rules adopt the {ree motion mode. The multi-
flexible rigid model of VLFS of maritime airport is
shown in Fig.1.

Based on the wave spectrum data collected dur-
ing Typhoon Megi, the Jonswap spectrum parame-

ters have been determined by considering the width

Maritime airport

S Taktung
1an) o

Fig.1 Schematic representation of maritime airport at the

South China Sea under the typhoon wave field
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of the wave spectrum. Based on the correlation be-
tween the wave spectrum width and the peak lifting

factor'™

, it is determined that the peak lifting factor
in the Jonswap spectrum 1s 5.6 and the effective
wave height is 5.2 m.

Since it captures sharp spectral peaks, the Jon-
swap spectrum is useful for assessing tropical cy-
clone-influenced developing seas'™’. The chosen
y = 5.6 reflects the powerful wind and narrow-
banded wave energy during typhoons, consistent
with comparable extreme events'"”’. Using regional
wave hindcast data for Typhoon Megi (e. g.,
WAVEWATCH Il ), a substantial spectral peak
supports a higher y value within the typical range of

U1 This conclusion is con-

3—7 for tropical storms
gruent with empirical findings of storm-driven seas
in the study area, ensuring an accurate wave field
representation. The Jonswap spectral parameters,
which represent extreme wave conditions, are used
as boundary conditions for the calculation domain of

the small-scale typhoon wave field.
1.2 Computing domain and meshing

The numerical study simulates the hydroelastic
response of a maritime airport under typhoon waves.
Fig.2 shows the numerical pool’ s domain size for a
300 m long single module, with the total airport
length at 8L. To minimize wave reflection errors,
the domain is set to 12L (flow direction) , 2L
(cross direction) , and 0.4L (vertical direction).
Wind waves are generated based on wave spectrum
parameters, with a maximum wind speed of 52 m/s
at 10 m height and a stable seawater velocity of 2m/s,
ignoring minor horizontal velocity changes.

Fig.2 shows the boundary conditions utilized in
the modeling approach, a pressure outlet located at

the outer boundary, symmetrical planes positioned
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Fig.2 Single module VLFS and its boundary conditions

at the sides of the structure, and velocity inlets at
the other four planes to define the wave velocity and
to reduce wall-flow gradients. The volume of fluid
method monitors the air-water interface, whereas
the fluid-structure interaction model addresses the
interactions between fluid and structure, enabling re-
ciprocal effects on deformation and forces.

Fig.3 illustrates the organized grid of the com-
putational domain, employing dynamic mesh tech-
nology to model structural rotation, translation, and
deformation. An encrypted grid area surrounding the
maritime airport enhances displacement calcula-
tions, utilizing regionally optimized grid density to
ensure precise capture of seawater flow and structur-

al deformation.

(a) Computational domain mesh

(b) Mesh of the fluid domain (c) Mesh of float structure domain

Fig.3 Computing domain structured grid
2 Results

2.1 Wave surface elevation of flow field

Fig.4 displays the wave surface elevation of the
entire interaction between the fluid and solid inter-
face at a specific moment. Examining the flow field

intricacies, such as the floating body’s water entry

(a) Computational domain mesh

-

(b) Mesh of the fluid domain

(c) Mesh of float structure domain
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Fig.4 Wave profile
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and exit, its elastic deformation, and any disturbanc-
es to the free surface. Fig.4 clearly illustrates the
non-periodic pattern of wave loads on the floating
body.

During the wave propagation process, the
wave heights gradually decrease when they contact
with the VLLF'S body due to factors like fluid viscosi-

ty and numerical dissipation in the computation.
2.2 Displacement

The extent of the change of the displacement
that occurrs at the marine airport at various times 1s
shown in Fig.5. The displacement represents the
change in position of the maritime airport along the
three coordinate axes in comparison to its original
position with respect to the coordinate system. Fig.5
demonstrates that VLFS moves in all directions

whenever the fluid touches with it.

0.5198 0.5198 05199 05199 05199 05200
Displacement: magnitude / m

(a)r=10s

B

2.841 62 2.841 68 284175

2.841 65 2.84171
Displacement: magnitude / m

(b)t=50s

2.84178

0.951 964 0.952 103 0.952 242
0.952 034 0952172 0.952 311
Displacement: magnitude / m

©)t=150s
Fig.5 Displacement distributions of the VLFS body over

time

This case suggests that the deformation that oc-
curs in all directions as a consequence of the waves
acting on the floating body of the maritime airport

has an effect on the displacement of the body. In ad-

dition, it is possible to observe that the VLFS body
displacement is eliminated when the duration of the

wave 1s taken into consideration.
2.3 Von Mises stress

Fig.6 illustrates the distribution of von Mises
stress over time for a single VLFS module subject-
ed to the wave conditions of Typhoon Megi. The
analysis reveals minimal stress levels, which can be
linked to the design of the flexible module rigid con-
nection. This design effectively dissipates wave-in-
duced forces through deformation, consistent with
the anticipated performance of structures resistant to
typhoons'’’. This validates the design’s safety and
durability, with conservative margins that guarantee
integrity in the face of high-energy waves, aligning

with offshore standards''>

. An observable increase
in stress is noted at the contact points where bracing

rods meet the lower floating plates.
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Fig.6  Von Mises stress distributions over time

3 Conclusions

This paper analyzes the impact of environmen-
tal factors, such as wind and waves, on VLFS. It
investigates the distribution of stress, displace-
ment, and fluid forces using hydroelastic theory.

Here are the main conclusions.
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(1) The proposed method enables efficient in-
formation exchange between the fluid and structure
domains through the coupling interface. The numeri-
cal results of the elastic deformation of the floating
body are satisfactory.

(2) The wave loads acting on the floating body
also influence the wave profile of the irregular wave
and the deformation of the floating body.

(3) The displacement of a maritime airport dur-
ing a typhoon wave field is caused by the movement
of the floating body in various directions.

(4) The highest von Mises stress of the single
module is found at the brace and the connection be-

tween the lower floating plate and the brace.
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