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The development of water area tourism has prompted the upgrading of water surface 

platforms. Researchers have been carrying out studies, attempting to optimize the design 

of floating surface leisure platforms through modularization. This paper first analyzes the 

advantages and bottlenecks of floating leisure platform products for the development of 

water area tourism, and then applies modular design to optimize the ecological floating 

bed into a structure consisting of standardized functional components incorporated into 

the cavities of the floating boxes in the platform, which expands the ecological functions 

of the platform. This paper also optimizes the design of the modular platform components 

to improve the economic efficiency of product packaging and transportation, the 

convenience of platform building and the stability of the platform. The design provides a 

new idea and choice for the upgrading of floating platforms. 
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1. INTRODUCTION

Various types of water bodies have formed different water 

landscapes under the interactions of geology, climate, biology 

and human activities [1]. With the rapid growth of the tourism 

industry, water area tourism has ushered in an opportunity for 

further development due to the special experience it brings to 

tourists. Water surface leisure platforms, as a key access to 

water areas, also need to be upgraded to achieve ecological 

functions, make the construction process more efficient and 

economic and adapt to different scenarios. Floating platforms 

using floating boxes as the floating base are now being widely 

applied in the industrial transformation and development of 

water area tourism as a replacement of the fixed leisure 

platforms with reinforced concrete and wood as the fixed base. 

However, the current floating platforms have only one 

function and are hardly expandable, which are apparently not 

good enough for the development of water area tourism in the 

face of water pollution. Therefore, it would be a useful attempt 

to design and build a kind of water surface leisure platform 

that is more flexible and able to purify water so as to restore 

and effectively control eutrophic water and at the same time 

promote the sustainable development of water area tourism. 

The research on water environmental protection during 

water resources development started quite early. In the 1930s, 

France put forward the idea of ecological river remediation, 

which emphasizes environmental protection and water tourism 

development in engineering construction. Then Britain, 

Germany and other countries successively proposed the 

concept that rivers should be closer to their natural state [2, 3]. 

Regarding the ecological floating bed technology for water 

environment treatment, American ecologist Gurney was the 

first scholar to study floating islands. Afterwards, Alam  et al. 

[4], Haller [5], Mallison et al. [6], Sasser et al. [7, 8] also 

conducted studies on artificial floating islands. In 1980, 

German scholar Sven Hoeger designed a modern ecological 

floating bed and applied it for the first time to purify polluted 

water. In 1998, he published the famous paper 

Schwimmkampen: Germany’s Artificial Floating Islands. In 

the paper, he summarized the six functions of an artificial 

floating island - preventing dike erosion, protecting coastlines, 

providing habitat for wildlife, beautifying landscape, purifying 

and filtering water and providing bilogical sterilization. In 

China, Song et al. [9] carried out research and application of 

artificial floating beds in the early 1990s. Huang et al. [10] 

studied making artificial floating beds by planting scindapsus 

aureus, canna and monstera deliciosa to remove nitrogen, 

phosphorus and organic pollutants. Yan Yixin et al. studied the 

dynamic purification effect of the floating bed technology on 

heavily polluted river water in winter and spring. Yan et al. 

[11] studied the purification effect of the combined process of

biological purification tank and enhanced ecological floating

bed on rural domestic sewage in Chongming Island, and found

that the enhanced ecological floating bed deeply purifies the

organic matters degraded in the biological purification tank to

further remove nitrogen and phosphorus in the seage. Based

on the experience of the Taihu Lake, Yunnan Research

Academy of Eco-environmental Sciences planted plants with

foam as the carrier of the floating island to purify water [12].

There are also many case studies on floating beds, all of which

have achieved good results.

2. ANALYSIS OF PRODUCT REQUIREMENTS

2.1 Requirements for water surface leisure platform due to 

water area tourism development 

With the accelerated global urbanization process, the 

tourism industry is booming. To meet the increasing tourists 
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demands [13]. Countries have shifted their focus from building 

water conservancy projects to promoting water conservancy 

tourist activities and landscape construction [14]. It is an 

inherent nature of human to be close to water [15]. While 

satisfying people’s basic needs for life, water also attracts 

people with its touch, appearance and sound [16]. For example, 

waterfront landscape has a lasting appeal to people. So it 

would be a great market opportunity to design and develop 

waterfront tourism products that can meet the changing market 

demands. The water surface leisure platform, as a kind of 

waterfront tourism product, can not only meet the needs of 

tourists for entertainment, but also serve as the access to 

activities on water surface. Therefore, surface leisure platform 

products with high modularity, fast installation and wide 

application range will gradually become the focus of research 

and also the rigid need of the market. 

 

2.2 Requirements for water surface leisure platforms due 

to sustainable development 

 

Many places where water area tourism is being developed 

choose economy over ecology, which is causing great 

damages to the overall environment. The global ecological 

crisis has prompted people to rethink the relationship between 

man and nature. Water environment is an important carrier for 

human survival and development [17]. To restore the water 

environment, humans have made many explorations. Multi-

functional water surface leisure platform products that can 

meet the needs of future water area tourism development and 

coordinate the relationship between man and water will 

definitely become what is needed to keep the industry 

developing in a sustainable manner. 

 

 

3. COMPARISON OF EXISTING TRADITIONAL 

WATER SURFACE LEISURE PLATFORMS 
 

A water leisure platform is an unpowered or powered 

platform structure that extends to the water surface for the 

purpose of catering, entertainment, sightseeing and vacation 

tour. Floating platforms built on the basis of the floating boxes 

are known to have the most practical values due to their simple 

installation and low costs. The floating boxes (Figure 1) that 

compose this type of platform are connected with large-headed 

mushroom nails to form a relatively primary water surface 

platform (Figure 2). However, this kind of platform is simply 

structured and has only a single function. The space in the 

internal cavities of the main body is not well utilized and there 

is no additional ecological benefit. Moreover, due to its light 

weight and simple unit connection structure, the whole 

platform does not have high floatation stability and can only 

be applied in water areas with still water surfaces or where the 

wind wave ranges mostly between Grade 2-3. 

A traditional floating box without packaging usually has a 

volume of 0.1m³, and 4 floating boxes are required to cover 

each 1m2 of water surface, which means at least 0.4m³ of 

floating boxes are required for transportation to cover 1m2 

(Figure 3). In actual transportation, the volumes of the buffer 

areas between supporting structural members and floating 

boxes and between floating boxes and outer packaging should 

also be taken into account. A large-scale water leisure platform 

would require hundreds or even thousands of floating boxes. 

Due to the large packaging volume, transportation costs are 

often higher. 

 
 

Figure 1. Traditional floating box 

 

 
 

Figure 2. Traditional floating platform 

 

 
 

Figure 3. Parameters of a traditional floating box 

 

Therefore, the design of the basic construction components 

of water leisure platforms for water area tourism should be 

optimized to increase the stability of floating boxes, improve 

space utilization, reduce transportation volume and achieve 

additional ecological benefits. The structural members should 

be modularized and light weighted and made of 

environmental-friendly materials. 
 

 

4. PREMISES FOR WATER SURFACE LEISURE 

PLATFORM DESIGN 
 

4.1 Functional expansion 

 

Among the current problems in the development of water 

area tourism, restoration of ecological function is the top 

priority, so this paper attempts to optimize the design of the 

basic floating boxes for floating leisure platforms. The 

ecological floating bed technology that uses aquatic higher 

plants to purify water and restore ecological environment has 

been proved and widely used [18-21]. Currently, ecological 
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floating beds can be divided into the wet type and the dry type 

depending on whether plants are exposed to water. Wet 

floating beds can be further divided into framed and frameless 

beds. A wet framed floating bed generally uses PVC pipes as 

the frame, and the polystyrene board as the planting bed body. 

Having higher stability than the frameless floating bed and 

better water purification effect than the dry floating bed, this 

type of ecological floating bed has been the most widely used 

[22, 23]. In order to improve the water purification and 

restoration effect of ecological floating beds, various artificial 

intervention technologies have also been applied, such as 

mixed planting of various kinds of aquatic plants and 

supplementary artificial substrate technology, etc. [24-29]. 

Artificial ecological floating bed technologies are now 

improving and maturing. 

In view of the water purification and water beautification 

effects of ecological floating beds, this paper attempts to 

combine floating boxes and the framed wet floating bed in a 

modular manner. The optimized planting base of the floating 

bed is embedded at the bottom of a floating box so that the 

ecological floating bed becomes part of the floating box. When 

the floating box floats, it can use the plant root system on the 

internal ecological floating bed to adsorb suspended solids, 

which provides a place where microorganisms and other 

aquatic organisms can inhabit and multiply and also forms a 

green island on the water surface that beautifies the water 

environment [30]. This method can not only achieve the 

ecological function of the leisure platform, but also reduce the 

center of gravity of the entire floating box through the weight 

of the floating bed substrate and plants, thereby improving the 

floating stability of the platform. The space enclosed by the 

floating box shell can also protect the plants on the internal 

ecological floating bed, reducing the maintenance cost 

incurred by frequent plant replacement. Moreover, thanks to 

the strong bearing capacity and stability of the floating box 

structure, there are more choices of plants that can be planted 

on the ecological floating bed. After the plants become mature, 

they will be moved away from the water body, which will take 

away a large amount of pollutants from the water body, 

thereby improving water quality, creating better ecological 

and environmental conditions for the survival and 

reproduction of aquatic organisms, and making it possible to 

finally restore the water ecosystem [31]. 

 

4.2 Material optimization 

 

The environmental friendliness of materials means they 

have low environmental load throughout their entire life cycles 

[32]. The outer shells of the floating boxes in the floating 

leisure platform are made of polylactic acid material. This 

material has good thermal stability, with a processing 

temperature of 170~230℃, and has good solvent resistance. In 

addition to being biodegradable, it is also biocompatible, 

glossy and transparent with nice feel and heat resistance, and 

what is more, it is antibacterial and flame retardant [33]. These 

features meet the strength requirements of floating boxes 

without affecting the photosynthesis of internal plants (Figure 

4). The polylactic acid raw material is fully renewable, without 

any pollution generated in the production process, and the 

product can be biodegraded, so it can be recycled in nature. 

All of these making the material an ideal green high polymer 

material [33]. In addition, the interface areas of the outer shells 

are coated with polycaprolactone to improve the impact 

resistance. Considering the costs, the core planting unit inside 

the floating box is made of two materials - the transparent top 

cover is made of polylactic acid, and the structural members 

such as tie rods and frames are made of high-density 

polyethylene. Considering the strength and lightweight 

requirements for the platform, and by reference to the 

reinforcec concrete structure in architecture design, the rod 

members adopt a composite structure with high-density 

polyethylene (HDPE) embedded with stainless steel frames 

(Figure 5). 

 

 
 

Figure 4. Design schematic 

 

 
 

Figure 5. Schematic diagram of rod composite structure 

design 

 

4.3 Product modularization 

 

Modular design was first applied to the watch industry as a 

process design method. In the context of increasingly fierce 

market competition, modular design has become the leading 

method for large-scale customized design as it can achieve 

mass production, shorten the design cycle, save costs and 

resources, facilitate construction and be used for different 

purposes [34-36]. The existing floating leisure platform shows 

some modular idea, but overall, it is not sufficiently modular, 

the design of structural members is not mature, and the 

installation needs to be more convenient. Moreover, due to the 

process and design limitations, while obtaining high bearing 

capacity on the water surface, the huge cavity structure of the 

floating box also has problems such as low space utilization 

and high transportation costs. Therefore, both the main 

floating box and the structural members in the existing floating 

leisure platform can be further optimized based on the 

modularization concept to improve the applicability of the 

product and reduce transportation costs. 
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5. ANALYSIS OF THE WATER SURFACE LEISURE 

PLATFORM DESIGN 

 

The main components of a floating surface leisure platform 

can be divided into two parts: the basic floating box and the 

structural members. According to the new demands for water 

surface leisure platforms under the context of water area 

tourism development, it is decided that modular design be 

adopted to expand the product functions and improve the 

deficiencies of the original products (Figure 6). 

 

 
 

Figure 6. Design idea map 

 

5.1 Design of the basic floating box 

 

The modular design of the basic floating box involves 

modularization of components and modularization of 

functions. Components are modularized mainly to solve the 

problems like large transportation volume and high 

transportation cost of the original floating boxes and make the 

installation more convenient. To prevent too many types of 

floating boxes from increasing the installation complexity, 

only two types of basic units are designed as the basic 

buoyancy units, both being of the cubic shape. According to 

the differences in external interface, they are named Type A 

buoyant box and Type B buoyant box (Figure 7). The specific 

parameters are shown in Table 1. These buoyant boxes are 

adaptable to and expandable in a variety of scenarios, and the 

ports are adjusted accordingly to effectively improve 

construction convenience [37]. 

 

 
 

Figure 7. Type A floating box and Type B floating box 

 

Table 1. Parameters of the external box of a floating surface leisure platform 

 
Description Parameter Main structure size Material Weight Interface 

Type A floating box 

Length 1000mm 

Polylactic acid (box body) 

Polycaprolactone (interface) 
700g±5g 

580mm*40mm*100mm 

2 concaves 

580mm*40mm*100mm 

2 convexes 

Width 1000mm 

Height 500mm 

Type B floating box Length 1000mm 
Polylactic acid (box body) 

Polycaprolactone (interface) 
700g±5g 

580mm*40mm*100mm 

1 concave 

580mm*40mm*100mm 3 convexes 

 
 

Figure 8. Schematic diagram of the combination of the outer 

shell and the planting core 

 

 
 

Figure 9. Schematic diagram of outer shell disassembly 
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Figure 10. Schematic diagram of stack of half box modules 

in the outer shell 

 

The modularization of functions is to design the basic 

compnents of the outer shell of the floating box to satisfy the 

floating load, and designing the core inside the floating box as 

an independent component with other functions. A floating 

box is formed by the outer shell embedded with the internal 

planting core (Figure 8), and the two parts are independent of 

each other. The outer shell of the floating box adopts the 

detachable design to reduce the packaging volume (Figure 9), 

as the components can be stacked during the transportation 

(Figure 10). 

The internal planting core is mainly composed of the top 

cover plate (Figure 11), the middle tie rod and the bottom 

planting tray (Figure 12). The specific parameters are shown 

in Table 2. The buckle bars move in the grooves of the top 

cover along the horizontal direction and form an occlusal 

relationship with the corresponding grooves on the outer shell, 

so as to realize the engagement and disengagement between 

the planting core module and the outer shell (Figure 12). The 

planting basket in the bottom planting tray is composed of a 

PVC frame and a protective net inside (Figure 13). The high-

density protective net can not only prevent the planting 

substrate from leaking and polluting water, but also allow 

external water to penetrate inside normally. The hollow frame 

design increases the contact area between the plants and water, 

and the substrate made of high polymer material achieves 

synergy between substrate adsorption and plant absorption 

[38]. The planting core can reduce its vertical height by 

bending the rods and folding the planting basket, and finally 

become a compact flat disc-shaped unit (Figure 14). The 

volume of the entire core unit is 0.245m³ before folding, and 

0.022m³ after folding, indicating that the structure is highly 

modular, with a high space utilization rate. 

 

 
 

Figure 11. Internal planting core 

 

Table 2. Planting core parameters 

 
Description Parameter Size Material Weight 

Top cover 

Length 700mm 
Polylactic acid 

Polycaprolactone 
255g±5g Width 700mm 

Height 28mm 

Middle tie rod 

Length 15mm 

High density polyethylene 50g±5g Width 15mm 

Height 455mm 

Bottom planting 

tray 

Length 700mm 

High density polyethylene 
395g±5g (empty) 

2500g±10g (containing substrate) 

Width 700mm 

Height 
23mm (planting basket folds) - 

220mm (planting basket unfolds) 

 

 
 

Figure 12. Schematic diagram of the top cover structure 

 
 

Figure 13. Planting tray 
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Figure 14. Schematic diagram of core module folding 

 

5.2 Design of supporting structural members 

 

The floating box-based floating surface leisure platform 

needs to supported by fixing structural members to enhance 

stability and safety. The supporting structural members are all 

designed in a modular way, so that they can be flexibly 

assembled to form water leisure platforms of different shapes 

and areas according to the specific requirements of the 

construction scene. The supporting structural members are 

mainly divided into two categories: floating box fixing 

members and platform fixing members. The former can be 

further divided into four parts: side rods, convex-end rods, 

concave-end rods and width-extension rods (Figure 15). A side 

rod consists of a side rod body, standard-length railing and 

railing fasteners. The platform fixing members can be divided 

into two parts - the cable fixing devices on the platform and 

the shore piles on the ground (Figure 15). The specific 

parameters of each structural member are shown in Table 3. 

 

 
 

Figure 15. Supporting structural components 

 

Table 3. Parameters of structural members 

 
Description Schematic Functions 

Side rod 

 

Fixing floating boxes 

Extending the platform 

length 

1M modular railing and railing 

fastener 

 

Safety maintenance 

Convex-end rod 

 

Fixing floating boxes 

Extending the platform 

width 

Concave-end rod 

 

Fixing floating boxes 

Extending the platform 

width 
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Width-extension rod 

 

Fixing floating boxes 

Extending the platform 

length 

Cable holder 

 

Fixing the platform 

Shore pile 

 

Fixing the platform 

 

5.3 Platform installation process 

 

Floating surface leisure platforms can be set up quickly on 

the water surface. Take a water surface platform with a width 

of 3m and a length of 10m for example. Combine two Type A 

floating boxes and one Type B box into a basic row of floating 

boxes with a length of 3m and a width of 1m (Figure 16), and 

prepare 10 basic rows like this for later use. Assemble two 

concave-end rods and a width-extension rod into a 3m-wide 

rod piece. Connect one side rod with the cable holder pre-

installed on each end of the rod piece to form a pocket-shaped 

cavity area. Push the pre-assembled rows into the enclosed 

cavity area one by one along the bayonet of the side rod, and 

install the modular railings in the same way into the upper 

groove of the side rod (Figure 17). After the floating box 

modules fill up the first set of side rods, connect the second set 

of side rods and form a new cavity area with the last batch of 

floating box modules. Then continue to install floating box 

rows in the new cavity area until it is filled up. Install a 3m-

long rod piece consisting of two convex-end rods and one 

width-extension rod at the end of the second set of side rods to 

close the pocket-shaped filling area, so that the floating boxes 

are fixed within a stable quadrilateral rod structure (Figure 18), 

forming a floating platform. Finally, fix the shore piles on the 

land near the target water surface, connect the shore piles and 

the cable holders on the platform with cables, push the 

platform into water and adjust the length of the cable until the 

platform is stable. Then the installation is complete (Figure 19). 
 

 
 

Figure 16. Basic row 

 
 

Figure 17. Installation process diagram 

 

 
 

Figure 18. Installation process diagram 

 

 
 

Figure 19. Installation process diagram 
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5.4 Main technical parameters 

 

When the water surface leisure platform is in the free 

floating state, the propagation of waves drives the flow field 

near the floating platform to change, so waves are the main 

reason for the movement of the floating platform on the water 

surface [39]. The design values of the components of the 

leisure platform are first determined in accordance with the 

safety and stability requirements of water surface activities, 

and then the strength and rigidity of the platform components 

(basic floating boxes and structural rod pieces) are checked to 

determine the final dimensions. 

According to the design adaptive velocity of ≤3.6 m/s, the 

maximum allowable load of 500N/m2 and the full-load 

submersed height of 0.5m, the water flow impact pressure on 

the floating plate is calculated using the following formula: 

𝑅 = 𝐾𝐴
𝛾𝑉2

2g
, where R represents the water flow impact 

pressure (KN); K represents the water flow resistance 

coefficient, for which the distribution coefficient Kb of the 

bottom and side shear stress on the wall should be taken into 

account, so the value of the rectangular cross-section flow 

coefficient K=1+Kb=1.3 (Kb is a fixed coefficient of the side 

and bottom stress on the water flow in the rectangular cross 

section at the design adaptive velocity); γ represents the water 

bulk density, which is set at 10KN/m2; g represents the gravity 

acceleration, which is set at 9.81/S2; V indicates the calculated 

water velocity, which is set at V=3.6m/s during construction; 

and A indicates the projected area of the part of the floating 

plate in water in the vertical water flow direction. 

Substitute the data into the above formula, and we have 

R=5.96 KN. If a standard section is 5m long and 3m wide, and 

15 floating box modules are needed, then the resultant water 

impact force is 89.4 KN. 

Calculate the water flow pressure on the side rail of a 

standard section of the floating platform: 𝑅g = 𝐾𝐴
𝛾𝑉2

2g
=

1.3 × 1.8 ×
10×9

2×9.81
= 10.73𝐾𝑁 . A single section of the 

floating boxes is connected to the rails of the side rods on the 

two sides. Check the strength and rigidity:  𝑞 =
178.90−10.73×2

2×0.3×6
= 43.73𝐾𝑁/𝑚. 

Check the strength: 𝑀𝑚𝑎𝑥 =
𝑞𝑙2

8
=

43.73×62

8
= 196.79𝐾𝑁 ⋅ 𝑚 

and 𝛿 =
𝑀𝑚𝑎𝑥

𝑊
=

196.79𝐾𝑁⋅𝑚

(7.625×106𝑚𝑚3)
=25.8Mpa, which is smaller 

than [δ], indicating the strength meets the requirement. 

Check the rigidity: 𝑓𝑚𝑎𝑥 =
5𝑞𝑙4

384𝐸𝐼
=

5×43.73×64×1012

384×195000×1.57×109 =2.41mm, which is smaller than [f], 

indicating that the rigidity meets the requirement. 

During the use of the floating leisure platform, due to the 

inertial forces and impacts from the movements of facilities, 

personnel and equipment, the platform may be out of balance 

and tilted. Therefore, the platform design needs to make sure 

the platform will not overturn after tilting due to external 

interferences, and that it can return to the original balanced 

position after the external force disappears, that is, it is able to 

resist external forces [40]. This paper mainly considers the 

horizontal stability of the platform [41], which requires the 

calculation of the restoring moment of the platform when it 

tilts at a certain angle [42]. In the stability analysis of this paper, 

the platform is considered as a rigid body. The platform is set 

to be 40m long and 20m wide, and the weight of facilities and 

personnel is 1000 kg. The equal displacement of the platform 

floating box is shown in Figure 20. From the main visual plane, 

the calculated center of gravity G is (0, 0.285 6 m). Suppose 

the center of gravity of the platform remains unchanged, AB 

is the waterline in the initial balanced state [43], the part of the 

platform below the waterline is the submersed part, the 

submersed height is 0.154 m, and the center of buoyancy is P. 

When the heel angle is α, the waterline is A′B′, and the center 

of buoyancy is P′. According to the formula: 

 

( )

( )

cos cos

cos sinGP P

l P E P D P C DC

x y y

 

  

  = = = −

= −  + −

 (1) 

 

Calculate the righting arm l. According to the formula: 

 

M mgl=  (2) 

 

Calculate the restoring moment M using MATLAB [44]. 

When the heel angle α increases from 0° to 60°, the change of 

the restoring moment is shown in Figure 21. According to the 

calculation results, when the heel angle α=8.9°, the restoring 

moment reaches its maximum value, which is about 13,158 

kN·m. 

However, in the actual process, the heel angle of the floating 

platform is small. Assuming that the right side of the platform 

reaches the critical point of water surface, the heel angle 

α=0.443°. Figure 22 shows the curve of the restoring moment 

of the floating platform when the heel angle changes between 

0°-0.443°. It can be seen that when the heel angle is small, the 

restoring moment is approximately proportional to the heel 

angle [44]. When the heel angle α=0.443°, the restoring 

moment M=6374 kN·m. The maximum restoring moment 

caused by the weight of facilities, personnel and the platform 

is 1352 kN·m, which is within the safety range of the 

horizontal stability for the platform. 

 

 
 

Figure 20. Cross section of the platform after tilting 

 

 
 

Figure 21. Relationship between the restoring moment and 

the heel angle after the platform tilts 
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Figure 22. Curve of the restoring moment when the heel 

angle is small 
 

5.5 Principles for plant selection 

 

Plants in the floating boxes should be selected based on not 

only the growth adaptability and the nutritive salt removal 

efficiency of the floating bed plants [45], but also other factors 

such as their allelopathic effect [46]. Due to the height 

limitation of the internal space in the floating boxes of the 

floating leisure platform, aquatic plants with lower growth 

heights are the better choices. According to the structural 

characteristics of the box-type floating bed, emergent aquatic 

plants with roots and stems of the plants in the bottom mud of 

the water, and branches and leaves out of the water are 

preferred [47]. The first thing to note is the plants’ absorption 

capacity of nitrogen and phosphorus and adaptability to 

changes in water level to ensure that the system can operate 

stably in rainy and dry seasons. The second is the activity and 

decontamination capacity in cold areas and seasons. Thanks to 

the transparent shell of the box structure, the plants can grow 

as if they were in a relatively stable environment, which 

expands the application scope of the floating boxes. The third 

is how well the roots, stems and leaves are developed, as these 

parts help the plants absorb nutrients, thus enhancing the 

internal circulation and breathability of the ecosystem and 

improving water quality. The fourth is the ornamental value of 

the plants. In a large water area, different plants can be planted 

in different sections to form beautiful patterns on the water. 

Cultivating plants inside the cavities of the floating boxes 

restrict the growth of plants to some extent due to the limited 

space, but it also avoids many problems that may arise from 

the disorderly growth of plants on the water surface. 

 

5.6 Subsequent operation and maintenance methods 

 

The subsequent maintenance of the leisure platform is 

simple. After the plants enter the decay period, the 

decomposition of plant residue can easily cause secondary 

pollution of the water body. After the internal plant growth 

cycle is over, open the mobile buckle on the outer shell and 

vertically take out the planting core to clean up the decaying 

plant residues. And at the same time, replace the planting 

basket in the bottom with a new one and put it into the outer 

shell. 

During the maintenance period, personnel can operate on 

the floating platform without using any auxiliary vehicles. 

When the upper cover of a floating box is opened for 

replacement of plants, causing it to lose its buoyancy, other 

unopened floating boxes around it will still provide buoyancy 

(Figure 23). According to the buoyancy formula (Ffloating 

box=ρliquid*g*Vdisplacement), under standard conditions, a single 

floating box with a weight of 3.7kg has a gravity of 37N, and 

the standard draught is 0.037m under dead weight without any 

external load. Under full load, the draught is 0.5m, and the 

displacement volume is 0.5m³, so the maximum buoyancy 

provided by each unit is about 500N. After deduction of the 

gravity of the unit, which is 37N (due to the dead weight of the 

unit 3.7kg), the actual maximum buoyancy is 463N. Therefore, 

according to the changes of draught caused by the changes of 

load, the buoyancy of a single floating box fluctuates between 

37-463N. In theory, when the full-load buoyancy of the 

effective floating box units composing the floating platform is 

greater than the maintenance load gravity (the weight of all 

floating boxes + external force), it will be safe to carry out the 

maintenance operations. Assuming that the external force is 

1000N and there are n floating boxes, according to the formula  

463*(n-1)>37*n+1000 (n is an integer), the number of 

floating boxes supporting safe maintenance under this 

condition is 3.2, which indicates that, in theory, a combination 

of 4 or more floating boxes will be sufficient for maintenance 

operations. In actual application, considering factors such as 

weight gain of internal plants during growth and water surface 

fluctuations, the minimum number of floating boxes for 

maintenance operations should be appropriately increased. 
 

 
 

Figure 23. Schematic diagram of plant replacement 
 

Once the leisure platform is laid and maintained on a regular 

basis, it will work as an ecological leisure platform for 

providing access, purifying water quality and sightseeing 

(Figure 24-25). In areas with plans to develop high-end water 

area tourism, this product can be used to replace the simple 

leisure platform built of the original floating boxes so that 

tourists can carry out water activities while enjoying the 

beautiful sight there. At the same time, the platform can also 

maintain the water environment to some extent. 
 

 
 

Figure 24. Surface access platform 
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Figure 25. Eco-tourism platform 

 

 

6. CONCLUSIONS 

 

This paper designs a floating surface leisure platform in a 

modular way, in an attempt to make it a composite platform 

with ecological added values. In the future, the design can be 

further optimized according to the development needs of the 

water area resources to make the leisure platform 

multifunctional and adaptive to more application scenarios. In 

the face of the contradictions between development and 

resources protection, the modular design idea is a way to 

enhance the added values and social values of products and 

also to keep the sustainable development. 
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