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A B S T R A C T 

The preliminary design of a hexagonal modular floating structure (HMFS) system in-

cludes two configurations: U-shaped and V-shaped, which link seven hexagonal mod-

ules that create a network of connectors. The connector force is a crucial considera-

tion in the layout of the connector network, as it must sustain the forces generated 

by wave motion due to its influence on the stability and safety of the modular floating 

structure. This paper presents the development of the HMFS connector network and 

the estimation of the connector horizontal force influence by two types of configura-

tions. The design concepts of these configurations for HMFS configurations are pro-

posed where analysis was implemented for regular wave in various directions of 0°, 

30°, 45°, 60°, 85°, and 90°. The impact of these various wave directions and the HMFS 

configurations on the connector force is analysed accordingly. According to this re-

search finding, the connector force in U-shaped configuration is higher than the load 

in V-shaped of HMFS configuration. The connector force of the V-shaped configura-

tion is arranged in hexagonal vertices (VV-shaped) facing wave direction receive a 

higher connector force than hexagonal parallel sides (VP-shaped) facing wave direc-

tions. The determination of horizontal connector load of hexagonal modules with 

varying configurations enabled the designer to estimate the horizontal connector 

load for various conceptual designs of hexagonal shapes, such as dock ships, yacht 

terminal and floating cities. 
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1. Introduction 

The development and exploitation of the ocean have 
become significantly more diverse due to the growing 
human demand and advancements in ocean engineering 
technology (Song et al. 2023; Park et al. 2023). The de-
sign of ocean structure has evolved from traditional 
ships to complex interconnected platforms for various 
functions (Song et al. 2023), such as space resources 
(Wong et al. 2013), ocean energy utilization, etc. A single 
floating structure with large sizes of floating structure 
could cause massive loads in structures; thus, the types 
of modular floating structure are preferred which has 

advantages for constructure, transportation and deploy-
ment (Watanabe et al. 2004). The structure is fabricated 
in modularized and the modules are assembled with 
connectors at the operation location owning to the large 
size of floating structure. Very large floating structures 
(VLFS) for the purpose of floating islands have been 
grouped into two: semi-submersible suitable use in open 
oceans and pontoon types suitable for mild seas (Park et 
al. 2023). Furthermore, the location of the central mod-
ule, tail module and outer module in deciding the ar-
rangement of the multi-floating structure gives effect to 
the motion characteristic of floating islands (Park et al. 
2023). 
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1.1. Conceptual design of modular floating structure 

Six sides of a hexagonal regular polygon give ad-
vantages to the researcher in expanding their decision 
making to arrange the modular floating structure with 
their creativity and purpose of the floating structure. 
Xiaozhou et al. (2024) conducted the experiment to in-
vestigate the hydrodynamic performance of the double 
module hexagonal floating structure in a linear arrange-
ment. Three hexagonal modular floating structures ar-
ranged in linear and L-shaped arrangements by Ikegami 
et al. (2007). Vincenzo (2023) studied the behaviour of 
three hexagonal platforms that were arranged in linear 
arrangement on the surge, heave and pitch degrees of 
freedom through simulation for regular and irregular 
waves. Li et al. (2023) modified the design layout by pro-
posing four hexagonal modules, one in the middle mod-
ule and another module arranged in an L-shaped attach-
ment to the middle module. Li et al. (2022) also studied 
the linear arrangement linked to a five modules hexagonal 
shape floating structure. Li et al. (2024) conducted the ex-
periment to investigate the hydrodynamic performance of 
five hexagonal floating structures in linear arrangement. 
Hamamoto and Fujita (2016) investigated the hydrody-
namic motion of seven hexagonal modular floating struc-
tures introduced in two types of arrangements: are in cen-
tralized shaped and stretched shaped as shown in Fig.1. 

    

  

 

Fig. 1. Two arrangements of hexagonal modular floating 
structure proposed by Hamamoto and Fujita (2016):  

(a) Centralized shape; (b) Stretched shape. 

Nowadays, the exploration of hexagonal modular 
floating structures into the development of floating cities 
gives expansion an additional higher number of modular 
floating structures rather than a small number floating 
within two to seven modules linked together. Wong et al. 
(2013) proposed three arrangement hexagonal modular 

floating structure comprising 493 modules, 352 modules 
in one circular pattern to build a man-made island on 
water bodies for recreational activities and amenities for 
the public, and a sanctuary for plants, birds and other 
wildlife for Punggol floating wetlands. Moreover, Lister 
and Muk-Pavic (2015) described a sustainable artificial 
island designed for Republic of Kiribati’s inhabitants and 
explore the layout of hexagonal modular floating ar-
ranged U-shaped and centralized arrangements. 
Stanković et al. (2021) proposed the modular floating 
structure arranged in regular tessellation in triangular, 
square and hexagonal shapes for Kiribati Island. Jiang et 
al. (2021a) investigated the hydrodynamic analysis of a 
hexagonal modular floating structure in a linear tandem 
arrangement with a size of 251.9×66 m and 137.4×132 m 
looking as one square shape. 

1.2. Internal connector force analysis 

The connector system suffers force and bending mo-
ment from the adjacent module which is the commonly 
most fragile component of the whole structure, thus, the 
interaction between the connector and modules should 
be studied due to the loading characteristic of the is also 
key part for the very large multi-floating structure (Li et 
al. 2022). Dai et al. (2021) compared connection loads of 
difference design options of the multi-floating floating 
structure such rectangular, square and hexagon, then the 
small different in terms of shear force and twisting be-
tween rectangular and hexagonal but still the connection 
bending moment for hexagonal is lower 27% than rec-
tangular. Li et al. (2022) investigated the connector 
forces which include horizontal force, vertical force, 
shear force and pitch bending moment at wave direc-
tions of 0°, 30°, 60° for five hexagonal modules linked in 
a linear arrangement. Li et al. (2023) investigated the 
connector forces includes horizontal force, vertical force, 
shear force and pitch bending moment at wave direc-
tions of 0°, 30°, 60° and 90° for five hexagonal modules 
linked in the center and an L-shaped concept arrange-
ment. Ikegami et al. (2007) stated the connecting hori-
zontal force in the L-shape arrangement become larger 
in the longer wave period range as a complex behaviour 
pattern in L-shaped may occur due to each floating body 
facing the different direction of incident waves. Xiaozhou 
et al. (2024) investigated how the relative pitch motion 
of the two modules affects the connector loads the most 
such as using a larger cable stiffness, which will reduce 
the pitch motion, but increase the connector loads. 

Jiang et al. (2021b) mentioned that the internal forces 
generated in the connector significantly affected the struc-
tural integrity during wave action. However, only a few of 
studies have performed numerical evaluations of these in-
ternal forces, encompassing module arrangements, shal-
low water effects and incident wave periods. The trend of 
the connector load depending on the shape of the floating 
structure. The horizontal connector force trend of five 
square modular floating structures, as presented by Riggs 
et al. (1998), indicated a gradually increase in horizontal 
connector force from 0° wave direction to 75° wave direc-
tions, a sharply decline at 80° wave directions, with the 
peak horizontal connector force occurring at 85° wave di-

(a) 

(b) 
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rections. The trend of horizontal connector force has also 
been similar to the rectangular modular floating structure 
that has been proposed by Ding et al. (2020), wherein the 
highest horizontal connector force at 85° wave directions 
linked three rectangular modular floating structures. 
Meanwhile, Otto et al. (2019), Hongtao et al. (2020), and 
Azlan et al. (2024) identified that the higher horizontal 
connector force for the hexagonal modular floating struc-
ture occurs at 0° wave direction. Otto et al. (2019) built 
the combination of triangular module that has 60° con-
nector directions that create a big hexagonal module, then 
he asserted that to avoid a typical in-line environment 
with less than 30° spreading into wind, waves and current 
as it will give the higher connection loads. Azlan et al. 
(2024) studied five modules of HMFS together in a linear 
arrangement and discovered that 0° wave direction gives 
higher connector force and gradually reduces the hori-
zontal connector force as the wave direction increases. 

The objective of this research is to determine the im-
pacts of different wave directions on the maximum hor-
izontal connection load, while varying the HMFS ar-
rangements. The hexagonal shape of the modular float-
ing structure facilitates diverse designs, as its six sides 
can be arranged without gaps. Therefore, the suitable ar-
rangement should been design in the conceptual design 
of modular floating structure, taking into account the ef-
fects of connector load.  

2. Materials and Method 

2.1. Conceptual design of hexagonal modular 
floating structure (HMFS) system  

The idea configuration of the HMFS system was iden-
tified by a literature review. The idea from Stanković et 
al. (2021) and Lister and Muk-Pavic (2015) was adopted 
and three configurations of the HMFS system were pro-
posed in this research: such as U-shaped and V-shaped, 
while V-shaped is divided into two configurations that 
take into account the sides hexagonal (VP-shaped) and 
vertices hexagonal (VV-shaped) shown in Fig. 2. These 
three concepts of HMFS system arrangement are ex-
posed to the conceptual design of floating structures. 
The VP-shaped arrangement of floating cities proposed 
by from Stanković et al. (2021) illustrates the layout has 
been adopted to express communication, especially in 
terms of transportation between the central module and 
side circular modules. Meanwhile, the primary functions 
in floating cities, including governance area, commercial 
area and hospitality area and water transportation are 
organized in the U-shaped arrangement of floating cities, 
ensuring that all facilities are centrally located close to 
one another. Lister and Muk-Pavic (2015) proposed the 
residential area presented in the VV-shaped arrange-
ment of floating cities.

    

Fig. 2. The idea of HMFS system arrangement for (a) VP –shaped by Stanković et al. (2021);  
and (b) U- and VV-shaped configurations by Lister and Muk-Pavic (2015).

There are seven hexagonal modules (M1-M7) linked 
with a ball connector for each configuration of HMFS sys-
tem as shown in Fig. 3. The main module is the M1 mod-
ule, which acts as the pivot point of a symmetrical mod-
ule layout. The overall configuration starts with M1 as 
the middle, the top continues sequentially with M2, M4 
and M6, while the bottom is arranged with M3, M5 and 
M7. The numbering of connectors also follows the same 
ideology by continuing sequentially as top (C1, C3, C5) 
and bottom (C2, C4, C6) as numbering of hexagonal mod-
ules. The U-shaped arrangement presents the central 
module as M1 as the inner module, while the top mod-

ules and bottom module are arranged in linear arrange-
ments and early modules face wave force. The VP-
shaped presented the module M1 as the center and early 
facing the wave force, while both top and bottom mod-
ules are arranged in staggered arrangements. The paral-
lel side of the hexagon is facing the 0° wave direction for 
both the U-shaped and V-shaped of HMFS arrangements. 
The VV-shaped also arranged the modules M1 as the cen-
tral, meanwhile implement combination of a linear lay-
out for bottom modules and a staggered layout for top 
modules. The vertices sides of the hexagon are arranged 
facing the 0° wave direction.  

(a) (b) 

VP-shaped 

U-shaped VV-shaped 
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Fig. 3. Three configurations of hexagonal modular floating structure (HMFS):  
(a) U-shaped; (b) V-shaped, parallel sides facing wave (VP); (c) V-shaped, vertices facing wave (VV).

The detailed design of all components for HMFS, in-
cluded the hexagonal floating structure, connector and 
mooring was adopted by Li et al. (2023). Each hexagonal 
floating structure is linked with a ball connector and 

moored with four tension legs to the seabed. The fenders 
have also been installed at the bottom edge of adjacent 
modules to avoid a possible collision. The details of the 
HMFS system are shown in Table 1.

Table 1. Details about the HMFS system. 

Details Value Unit 

Side length, height  20, 12 m 

Water depth, draft  80, 10 m 

Mass  6000 t 

Ixx = Iyy 9.6 x108 m4 

Tension – leg dimension D=1.2; T=0.04; L=70 m 

Steel tension leg 2.1 x 1011 N/m2 

Stiffness of fenders 1.0 x 107 N/m 

Adjacent distance 3 m 

Ball connector linear rotational dampers 4 x 109 Nms/rad 

Ball connector linear rotational springs 0 Nms/rad 

2.2. Simulation  

The maximum horizontal force of each configuration 
was investigated under a regular sea condition (T=8s, 
H=2m) with different incident wave direction such as 0°, 
30°, 45°, 60°, 85°, 90°). The motion responses of each 
hexagonal and the maximum horizontal force under dif-
ferent wave direction was simulated using ANSYS. The 
governing equation of HMFS system in ANSYS (2013) is:  

𝑀𝑖𝑋̈𝑖 + 𝐶𝑖𝑋𝑖
̇ + 𝐾𝑖(𝑋𝑖) = 𝐹𝑖,𝑤𝑎𝑣𝑒 + 𝐹𝑖,𝑐𝑜𝑛 + 𝐹𝑖,𝑇𝐿𝑃 + 𝐹𝑖,𝐹𝑒𝑛𝑑𝑒𝑟 (1) 

where Mi, Ci and Ki are the mass matrix, radiation damp-
ing (with certain artificial damping usually applied to 
compensate for viscous fluid effects) and the hydrostatic 
restoring matrix, respectively. Xi (6-DOF) denotes the 
generalized displacement vector of the i-th module. 
Fi,wave, Fi,Con, Fi,TLP and Fi,Fender denote the matrix of the gen-
eralized wave force, the connector force, the tension ma-

trix of tension legs and the impact force matrix of fender, 
respectively. The connector force between adjacent 
modules can be expressed as:  

𝐹𝑖,𝑐𝑜𝑛 = ∑ (𝜑𝑖𝑗
7
𝑗=1 𝐾𝑐𝑖𝑗  𝛿(𝑋𝑖 , 𝑋𝑗)) (2) 

where φij denotes a topology matrix. The value of φij is 1 
when the i-th module is connected to the j-th module, 
otherwise the value of φij is 0. Kcij and δ(Xi,Xj) denote the  
connection stiffness matrix and the relative motion ma-
trix between the i-th module and the j-th module, respec-
tively. The total tension-leg force of the i-th module can 
be expressed as:  

𝐹𝑖,𝑇𝐿𝑃 = ∑ 𝐸𝑖
4
𝑗=1 𝐴𝑖𝜀𝑖𝑗 (3) 

where Ei denotes the elastic modulus. Ai denotes the sec-
tional area of the tension leg of the i-th module. εij de-
notes the strain of the j-th tension leg of the i-th module. 

(a) (b) (c) 
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The possible bottom fender impact force Fi,fender can be 
expressed as:  

𝐹𝑖,𝑓𝑒𝑛𝑑𝑒𝑟 = {
𝐾𝑓𝑖𝑗  .    𝛿𝑥, if 𝛿𝑥(𝑋𝑖 , 𝑋𝑖  ) < −3 m (contact)

0                 if 𝛿 𝑥(𝑋𝑖 , 𝑋𝑖  ) < −3 m (contact)
 (4) 

where Kfij (1x107 N/m) is the bottom fender linear stiff-
ness coefficient between the i-th module and the adja-
cent j-th module. δx(Xi,Xj) is the relative bottom surge 
motion between the i-th module and the adjacent j-th 
module. If the negative relative bottom surge motion 
δx(Xi,Xj) is smaller than the module gap (3m), the two ad-
jacent modules will impacts on the bottom. Then, the 
contact force at the bottom fenders will be monitored. 
 

3. Results and Discussion 

There are seven hexagonal modules (M1-M7) linked 
with a ball connector for the HMFS system, which can 
create more configurations because the hexagon having 
six sides. The VP configuration involves connecting a se-
ries of HMFS in a vertical, staggered configuration, 
whereas the VV configuration is more closely resembles 
an L-shaped configuration. Nowadays, all these configu-
rations are applied in various functions of floating struc-
tures, for instance, breakwater, floating solar farm, float-
ing city and etc. Moreover, designers can create many 
other configurations with hexagonal floating structures, 
for example in floating city planning, the U-shaped com-
bined with the V-shaped placed the danger function like 
a power system located further than residential, and the 
U-shaped used for trade shipping business. This paper 
only presents linear arrangement but expands in the lay-
out of U-shaped and V-shaped due to limitations in sim-
ulation. 

Other than linear arrangement, currently some re-
searchers have done the hydrodynamic analysis for cen-
tered arrangement that linked seven modules of HMFS 
by Hamamoto and Fujita (2016). Park et al. (2023) also 
focus on hydrodynamic analysis of floating structures 
with expansion of the central module that create a circu-
lar hexagonal modular floating structure. Then, Dai et al. 
(2021) also studied hydrodynamic analysis of floating 
structure but expansion of HMFS in terms of tandem ar- 

rangement that expansion by side by side. Wong et al. 
(2013) have done simulation that in a centralized ar-
rangement linked many hexagonal modular given a re-
sult one maximum shear force that assuming all the con-
nector forces has the same connector force. Besides, 
nowadays, many research only gives attention to the dy-
namic analysis for HMFS because it is a new area discov-
ered. The analysis of connector force for each connector 
of multi-floating should be studied because connectors 
are also key parts for the stability and safety of modular 
floating structures. 

This paper presents the maximum horizontal con-
nector force in different arrangements which comprises 
seven modules of HMFS, including U-shaped, VP-shaped 
and VV-shaped. This is because, Lan et al. (2004) stated 
that the longitudinal forces are in general substantially 
larger than the transverse and vertical forces; therefore, 
the focus is on these forces. The maximum connector 
horizontal force for each connector is identified to study 
the higher and lower force at which location of connector 
influences by the arrangement of HMFS system. The 
trend of horizontal connector force also studied in each 
arrangement maybe can be used in early approximation 
of horizontal connector force for expansion of the mod-
ule after additional 4th module and higher at the top and 
bottom as symmetrical module is taken into account. 

3.1. U-shaped configuration of HMFS arrangement 

The maximum horizontal connector force of each con-
nector for U-shaped configuration at various wave direc-
tions is shown in Fig. 4. At 0°, 30° and 45° of the wave 
directions, the higher horizontal connector force is at 
connector C3 and the lower at connector C1. The con-
nector C2 has the higher horizontal connector force is at 
60°, 85° and 90° of the wave directions. The connector 
C5 has the lowest horizontal connector force at 85° and 
90° of wave directions. Overall value of horizontal con-
nector force for U-shaped, the higher value is 5.23 MN on 
connecters C3 and C4 and the lower value is 0.32 MN at 
C1, meanwhile both value at 0° wave direction. Moreo-
ver, many connectors have a higher horizontal connector 
force value at the 0° wave direction, such as C1, C3, C4 
and C6 and a lower horizontal connector force at the 90° 
wave directions on connectors C4, C5 and C6.

 

Fig. 4. Maximum horizontal connector force of each connector for U-shaped configuration at various wave directions.  
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There are two trend horizontal connector force for U-
shaped configurations, firstly, at 0° wave direction, the 
horizontal connector force value at the top connector 
(C1, C3, C5) is similar to the bottom connector (C2, C4, 
C6). Initially, connectors C1, C3 and C5 at the top mod-
ules (M2, M4 and M6) is have similar value with con-
nector C2, C4 and C6 at the bottom modules (M3, M5 and 

M7) at 0° wave direction, respectively. This is the con-
nector at the top modules and bottom modules facing the 
wave direction 0°in same time as shown in Table 2 ex-
hibit the similar value. The same applies by Li et al. 
(2023) that demonstrated the same horizontal con-
nector load between two connectors facing the incident 
wave in the same time.

Table 2. Sequential orientation of the connector influenced by wave forces, highlighting  
the changing angle of the connector relative to the wave direction in in in 7U-shaped arrangement. 

Wave  
direction 

Sequential connector  
facing wave force 

Angle connector facing wave force 

C1 
(DC\) 

C2 
(VC/) 

C3 
(P-) 

C4 
(P-) 

C5 
(P-) 

C6 
(P-) 

0° C5=C6, C3=C4, C1=C2 120° 60° 0° 0° 0° 0° 

30° C6, C4=C5, C2=C3, C1 90° 30° -30° -30° -30° -30° 

45° C6, C4, C5, C2, C3, C1 75° 15° -45° -45° -45° -45° 

60° C6, C4, C2, C5, C3=C1 60° 0° -60° -60° -60° -60° 

85° C6=C4, C2, C1, C3=C5 35° -25° -85° -85° -85° -85° 

90° C6=C4, C2, C1, C3=C5 30° -30° -90° -90° -90° -90° 

Secondly trend, the if the top connector is higher 
value of horizontal connector force, the bottom will have 
a lower value, and vice versa for wave directions of 30°, 
45°, 60°, 85° and 90°.The second trend is also given, in 
wave directions of 30° and 45°, the higher horizontal 
connector force at the top and the middle of the con-
nector (C3) and followed by the first module facing wave 
(C5) while the lower of horizontal connector force is at 
the last module facing wave (C1). In addition, 60°, 85° 
and 90° of wave directions are opposite with 30° and 
45°, the higher horizontal connector force at the bottom 
and the last module (C2) while follow by the middle 
module (C4). Other than that, the angle connector for C3, 
C4, C5 and C6 are the same angles due to the same con-
nector orientation shown in Table 2, for example, wave 
direction of 30°, the parallel connector orientation of 
connector is C3, C4, C5 and C6 is -30°. However, the 
higher horizontal connector force is in connector C3, fol-
lowed by connector C5, C4 and lastly C6. This finding is 
consistent with the findings of Liu et al. (2022), who 
demonstrate twelve square modules arranged in a line-
arly and side-by-side exhibit a higher horizontal con-
nector load at inner modules compared to outer mod-
ules. They assert that this occurs due to the connector 
loads being influenced by load differences among adja-
cent modules, which caused by environmental condi-
tions and other modules. Consequently, the connector 
loads can be effectively reduced by appropriately bal-
ancing the loads on adjacent modules. 

3.2. VP-shaped configuration of HMFS arrangement 

The maximum horizontal connector force of each con-
nector for VP-shaped configuration at various wave di-
rections is shown in Fig. 5. At 45°, 60°, 85° and 90° of the 
wave directions, the higher horizontal connector force is 
connector C5, while at 0° and 30°, the higher is at con-
nector C3. The lower horizontal connector force on C4 at 

wave directions of 45° and 60° while on C3 at wave di-
rections of 85° and 90°. Overall, the highest horizontal 
connector force is 4 MN on C3 and C4 at 0° of wave di-
rection and the lowest is 0.35 MN at 30° of wave direc-
tion. Additionally, the higher horizontal connector force 
at 0° wave direction such as connectors of C2, C3, C4 and 
C6. The higher horizontal connector force of C1 is 30° 
wave directions at the center module while 60° of wave 
directions at connector C5. The lower of the connector is 
mostly at 30° of the wave directions on connectors C2, 
C4 and C6 at the bottom module (M3, M5, and M7). 

There are three trends of higher horizontal connector 
force: Firstly, mostly higher horizontal connector force 
at the top connector arrangement module (C1, C3, C5) 
which has 0°, 30°, 45° and 60° of wave directions. The an-
gles of connector facing the incident wave decreases on 
connectors C1, C3 and C5, which is below 30°, as indi-
cated in Table 3. Besides, the findings of horizontal con-
nector load indicates that for a linear arrangement, an in-
crease in wave direction correspond to a decrease in hor-
izontal connector loads. Thus, the top connectors of C1, 
C3 and C5 expressed lower connector angles facing wave 
force compared to connector C2, C4 and C6. It is similar 
to the findings of Song et al. (2023) and Wu et al. (2016) 
that the longitudinal load connecting two and three rec-
tangular modules, respectively, experience an increase 
in wave direction given the decrease in longitudinal load.  

Secondly, the 0° and 30° wave directions give a higher 
horizontal connector force on connector C3 which is the 
top middle module. However, in 45°, 60°, 85° and 90° the 
of wave direction on C5 at M6 are the outer module and 
end of top arrangement. Thirdly, in 85° and 90° wave di-
rection the higher is C5 at the top module arrangement 
however the bottom connector (C2) is the second higher 
horizontal connector force. This is because the outer 
modules of the MFS, whether positioned at the front or 
rear, experience a higher horizontal connector load com-
pared to the inner modules. The findings are similar to 
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Zhang et al. (2023) indicating that the connector in the 
middle module, assigned as connector C2 experiences 
lower loads compared to connectors C1 and C3, which 
are located in the outer modules linked three rectangu-
lar modules. Li et al. (2022) and Ren et al. (2021) also 

experienced the higher horizontal connection loads at 
the connector of outer modules, including initial mod-
ules and last modules, in comparison to middle modules 
for hexagonal and square for modular floating struc-
tures, respectively.

 

Fig. 5. Maximum horizontal connector force of each connector for VP-shaped configuration at various wave directions. 

Table 3. Sequential orientation of the connector influenced by wave forces, highlighting  
the changing angle of the connector relative to the wave direction in 7VP-shaped arrangement. 

Wave  
direction 

Sequential connector  
facing wave force 

Angle connector facing wave force 

C1 
(VC/) 

C2 
(DC\) 

C3 
(VC/) 

C4 
(DC\) 

C5 
(VC/) 

C6 
(DC\) 

0° C1=C2, C3=C4, C5=C6 60° 120° 60° 120° 60° 120° 

30° C2=C4=C6, C1, C3, C5 30° 90° 30° 90° 30° 90° 

45° C6, C4, C2, C1, C3, C5 15° 75° 15° 75° 15° 75° 

60° C6, C4, C2, C1, C3, C5 0° 60° 0° 60° 0° 60° 

85° C6, C4, C2, C1, C3, C5 -25° 35° -25° 35° -25° 35° 

90° C6, C4, C2, C1, C3, C5 -30° 30° -30° 30° -30° 30° 

3.3. VV-shaped configuration of HMFS arrangement 

Fig. 6 shows the maximum horizontal force of each 
connector for a VV-shaped configuration at various wave 
directions. At 0°, 85° and 90° of the wave directions, the 
higher horizontal connector force is at connector C3 
while at 30°, 45° and 60° of the wave directions, the 
higher horizontal connector force is at connector C5. 
Connector C4 receives the majority of the lower horizon-
tal connector force value. Overall value of horizontal con-
nector force for VV-shaped, the higher value is 4.77 MN 
on connecter C3 at 0° wave direction and the lower value 
is 0.14 MN at C6 at 90° wave direction. In addition, many 
connectors have a higher Fx value at the 30° wave direc-
tion, such as C1, C2, C5 and C6 as the connectors attached 
at the center module (M1) and outer module facing the 
wave (M6, M7). The lower Fx force at the 90° wave direc-
tions on connectors C4, C5 and C6 because HMFS linked 
M1, M3, M5 and M7 illustrates as linear arrangement. 
The lower connector Fx forces at C1, C3 and C5 are 30°, 
60°, and 90°. Due to linear arrangement at the bottom 
(M3, M5 and M7), the connector Fx force at C2, C4 and C6 

is lower and higher horizontal connector force at C1, C3 
and C5 for the top symmetrical loop arrangement mod-
ule (M2, M4 and M6). 

The higher horizontal connector force at the top ar-
rangement has two trends: at the outer module (C5) for 
wave directions of 30°,45° and 60°, while 0°, 85° and 90° 
of wave directions at the connector on the middle mod-
ule (C3). The lower horizontal connector force at the bot-
tom arrangement also has two trends: at outer module 
(C6) for wave directions 45°, 60°, 85°, and 90° while 0° 
and 30° of wave directions are at the middle module 
(C4). The connector of C1, C3 and C5 shown the angle 
connector facing wave force shifting to below 30° inci-
dent waves for wave direction 0°, 30°, and 45° shown in 
Table 4. In contrast, the connector of C2, C4 and C6 is fac-
ing wave directions 0°, 30°, and 45° shifting to above 30° 
incident waves, as indicated in Table 4. This finding con-
firmed by Otto et al. (2019), indicating the hexagonal 
modular floating structures should avoid the environ-
mental condition below 30° as given the higher con-
nector loads and also compared with the square modular 
floating structures.   

0.0

1.0

2.0

3.0

4.0

C1 C2 C3 C4 C5 C6

F
x

(M
N

)

Connector Position

0°

30°

45°

60°

85°

90°



96 Azlan et al. / Challenge Journal of Structural Mechanics (2025) 11(2) 89–98  

 

 

Fig. 6. Maximum horizontal connector force of each connector for VV-shaped configuration at various wave directions. 

Table 4. Sequential orientation of the connector influenced by wave forces, highlighting  
the changing angle of the connector relative to the wave direction in in 7VV-shaped arrangement.  

Wave  
direction 

Sequential connector  
facing wave force 

Angle connector facing wave force 

C1 
(VC/) 

C2 
(P|) 

C3 
(VC/) 

C4 
(P|) 

C5 
(VC/) 

C6 
(P|) 

0° C2=C4=C6, C1, C3, C5 30° 90° 30° 90° 30° 90° 

30° C6, C4, C2, C1, C3, C5 0° 60° 0° 60° 0° 60° 

45° C6, C4, C2, C1, C3, C5 -15° 45° -15° 45° -15° 45° 

60° C6, C4, C2, C1, C3, C5 -30° 30° -30° 30° -300 30° 

85° C6, C4, C2, C1, C3, C5 -55° 5° -55° 5° -55° 5° 

90° C6, C4, C2, C1, C3, C5 -60° 0° -60° 0° -60° 0° 

However, in wave direction of 85° and 90°, the angle 
connectors facing the wave force 0° and close to 60° en-
counter the higher horizontal connector load. The find-
ings of Li et al. (2022) different from these research find-
ings as the higher horizontal connector loads in linear ar-
rangements is 60°, followed by 0° and 30° linked five 
hexagonal modular floating structures. They stated that 
an incidence wave direction of 600 results in higher con-
nector load due to a less significant shielding effect 
among modules. Additionally, Li et al. (2023) studied 
four hexagonal modular floating structures linked in L-
shaped oblique arranged in one central module, mention 
that the yaw, sway and heave all tends to be higher with 
the incident wave direction of 0° or 60°. In their findings, 
they also indicate the higher horizontal connector load 
towards 0° and 60° compared to 30° and 90°. Thus, hex-
agonal shape should consider that the wave direction of 
0° and 60° will be experience the higher horizontal con-
nector loads.  

3.4. Design recommendations for real-world 
implementations 

In the real world, a hexagonal module positioned with 
its vertex side facing the incident wave was installed at 
Hakata Bay, Japan, in 2011 to evaluate its performance 
as floating offshore wind turbine (Watanabe et al. 2017). 
The hexagonal modular floating structure also has been 
installed in Punggol Eco Town in Singapore, serving as a 

sustainable waterfront community for tropical regions 
(Wong et al. 2013). In addition, Paul Ridden (2018) re-
ported that twenty-eight hexagonal module floating 
structures made by recycled plastic was assembled at 
Rotterdam harbor, Netherlands, with the vertex side ori-
ented towards incident wave on July 2018. The hexago-
nal modules served as the floating park that the hexago-
nal module being planted with greenery, benches for vis-
itors and habitat for micro and macro fauna, such as 
snail, beetles, fish and birds. Furthermore, the small hex-
agonal modular floating structure has also functioned as 
a floating dock.  The HMFS has also been installed in the 
Republic of Djibouti, Africa, operating as a fish farm (Pic-
colotti and Lovatelli 2013). Currently, China has installed 
a huge hexagonal module with 434 photovoltaic panels 
(CGTN 2024), functioning as wave-resistant floating 
photovoltaic platform located in waters near the south-
ern part of Shandong, China. They indicated that a mod-
ule has been installed to the testing process, with addi-
tional modules to be added later, resembling a giant hon-
eycomb to provide optimal stability.  Meanwhile, the 
HMFS function as floating cities is still in conceptual de-
signs. The conceptual design of floating cities is pre-
sented by Lister and Muk-Pavic (2015), Stanković et al. 
(2021), and Shihy (2024). 

This research studied two types of HMFS arrange-
ment: linear arrangement and staggered arrangement. 
In the context of linear arrangements, the parallel sides 
of hexagon can be aligned in a straight line, as illustrated 
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in linear arrangement; however, the vertex sides cannot 
arrange in a straight line. Furthermore, the linear ar-
rangement can create two arrangements: firstly, the par-
allel side of hexagon facing the incident wave, as illus-
trated in linear arrangement and second, the vertex side 
facing the incident wave, represented as one apart in VV-
shaped arrangements. This research identifies the con-
nector that aligns with the incident wave as a parallel 
connector in horizontal direction (P-) exhibiting the 
highest horizontal connector loads in linear arrange-
ments, especially in 0° wave direction. In contrast to the 
parallel connector in the vertical direction (P|), the low-
est horizontal connector loads are indicated in the find-
ings of VV-shaped arrangement. Besides, the shifting of 
the angles connector facing the incident wave in the par-
allel connector in vertical direction (P|) has 0° wave di-
rection did not demonstrate a higher horizontal con-
nector load in certain arrangements. Therefore, the ver-
tex side facing incident wave applied the parallel con-
nector in vertical direction is a good selection for linear 
arrangements. The linear arrangement is commonly 
used in breakwater, floating dock and renewable floating 
system, such as solar panels and wind turbines.  

The vertex side facing the incident wave has also been 
recommended in designing the HMFS arrangements, 
which adopted the arrangement of side-by-side and cir-
cular configuration. The hexagonal side facing the inci-
dent wave influenced the number and layout of HMFS ar-
rangements. As the finding discovers that two connect-
ors, such as horizontal direction (P-) and vertical angles 
exhibit the higher horizontal connector loads. Likewise, 
the symmetrical conceptual design of MFS, creates the 
parallel side facing incident waves only can be arranged 
in seven modules: one in the central, three modules act-
ing as arm, that three modules positioned top and two 
module bottoms, as illustrated in U-shaped (7U) utilized 
three directions of connector: horizontal connectors in 
horizontal direction (P-), vertical angles and diagonal 
angles. The VP-shaped arrangement connecting all seven 
modules utilizes two directions of connector: vertical an-
gles and diagonal angles. Meanwhile, the VV-shaped uti-
lized two directions of connector: vertical connectors in 
horizontal direction (P|), and vertical angles. However, 
only the vertical angles indicate the higher horizontal 
connector loads. 
 

4. Conclusions 

The present work proposes a HMFS connected to 
seven modules with a ball connector. The multi-floating 
structure hydrodynamics interaction effect and con-
nector coupling effect were considered. The effect of 
wave direction and location of connector on the different 
arrangements of HMFS was investigated. The conclusion 
has been summarised as follows: 
 The 0° wave direction gives a higher horizontal con-

nector force for the HMFS system in all arrangements, 
for instance, U-shaped, VP-shaped and VV-shaped ar-
rangement of HMFS. 

 The U-shaped arrangement has the higher horizontal 
force of connector among three arrangements. U-

shaped arrangement also has symmetrical Fx force 
value, the top connector and the bottom connector 
have the same connector force within the same loca-
tion connector symmetrically.  

 The parallel side hexagonal facing wave continues or 
changing the other sides will still get the VP-shaped 
layout however, in the VV-shaped arrangement the 
vertices facing wave given more to the L-shaped layout. 

 The horizontal force at VV-shaped is higher horizon-
tal force compared to VP-shaped as the difference be-
tween the vertices and sides facing wave direction 0°.  

 The designer should choose the best arrangement for 
the hexagonal shape of the modular floating structure 
because each arrangement has its own suitable func-
tion. Then, next decision knowing the maximum hori-
zontal connector force pattern in chosen the best ar-
rangement due connector is also crucial for safety and 
stability for modular floating structure. 
The determination of horizontal load in various HMFS 

arrangements allows early estimation of the connector 
load according to its HMFS functionality and HMFS lay-
out. The identification of the higher horizontal connector 
load in various wave directions enables the connector 
and VLFS designer to focus to the 0° and 60° of wave di-
rections when pursuing the conceptual design of the 
VLFS in hexagonal shape. As Otto et al. (2019) mention 
that designer should avoid the conceptual design of 
HMFS arrangement in wave direction below 30° as gen-
erated the higher horizontal connector load. Other that 
than, the comparison of horizontal connector load in var-
ious wave directions allowing identifying the impact of 
the changing angle of the connector relative to the wave 
direction in in HMFS arrangement. 

For future recommendation, the simulation per-
formed in this research is a limited selected case on 8s at 
a short-wave period at all seven arrangements. Thus, the 
simulation work should be extended for more wave pe-
riod including short wave periods of 4s-8s and longer 
wave periods of 10s to 20s to enhance the safety con-
nector and take into account that it effected the stability 
of HMFS. Other than that, the simulation performed in 
this research is limited to the determination of horizon-
tal connector load increasing in seven numbers of mod-
ules, as the MFS has a higher number of modules, espe-
cially in the conceptual design of the floating city. Thus, 
the horizontal connector load should be extended fur-
ther up to 20 modules as the limitation number of mod-
ules created in ANSYS software, then will confident in the 
early approximation of horizontal connector load. 
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