FERNZ: FARRE 20254 % 55% £ 18:51~65

SCIENTIA SINICA Technologica

ChERE ) Atk
SCIENCE CHINAPRESS

techcn.scichina.com
CrossMark

& click for updates

7 B 3R 45 0 B SR E itk e

dhups'? gsar!) T

L REE TR e R 5 8 RE g BT 9T B, K 300384
2. REERF I LB, KEE 300350

3L CAR R KRR L4 BiE, HEHE 056038

4. )b EOKOR B S ==, O 056038

* E-mail: 1014205052@tju.edu.cn

Wk 1 399: 2024-07-22; 43252 H #]: 2024-10-30; W28 iR &% 3% H #: 2025-01-08
B 5K E s 2RI H (45 2022YFB4200700) Wb w5 KA HHE AR AT H (95: BIK2024016) M dt4E AR5 & (5
E2024402142)% By

WE FABHEREN-MHRE. SFATEFRHREN, TREELEFA KRR R RTIEIZ LR,
AXFHRRET BAMNFAFHRAFAA R R, REGEREMEXHREEEZNAR, BB, FK
B, RABFTHE. AFRE., BRAARFFAGERAEL, SRATATERE, £MFA. HREER. &
RERFTENE. ®E, HET SRMFAFGHRAENFEAGHEARET RARFAFBREEMEN. AR
. BHEH. KK BRETPTEFFENARTE, UHARKEFFEREIANEXNERLERBER

KT

1 5%

i OB AR &R Si(offshore  floating photovol-
taic, fijFROFPV )& — FlH| HI V7 A4 45 a0 e AR 2L A7
FEMT BT R R B, s R, s
REE KIS R 88, OFPVIEEG T X 5 5t (14 i b 2 5
P WA R R RS R RO T R, SR, ERT
OFPVASAL T/RyE LM B, ik = 2 88 1) 22 B Mliz
g, X FEOLAETRRIRI T o] BEE S B 57 |
FARUE DGR AR S5k, AT 43 OFPVAE
TR b 1) A

i EEFRER, e TR, FAW KR, BR

REE A

T SRR AT R FAR, AT LG R B £
FE YRR RIS R BT IRAL T 2, (X KR
T AP ARG IRE, FER K B RA R . %
T-OFPV 7 4b 178 25 ¥ 3 1358 [ 25 ) b 0 R G
SEVERE P ARSI, T 24 OFPV i %,
WAL IE R IEAT, BINBTBERAE A R i R8I0 A
I PRI AR S NEBOR N R K T 5,
A NOFPVER MR SE . A TR . B, Bk
(RTF 5T TR R, 454 A i 7K SR v o AR B AR A
Ziy A5 HEEHOFPV 1 55 5 i R JE.

I8 5 SBT FE 3 T TR . A MR e A

2024-0180

IR gz, Wk, T PAPORA WA RIOBT R, thER S SRR, 2025, 55: 51-65
Lian J J, Luo J, Wang X Q. Recent progress on structural types of floating breakwaters (in Chinese). Sci Sin Tech, 2025, 55: 51-65, doi: 10.1360/SST-

©2025 (HEMFE) FiEHt

www.scichina.com


https://doi.org/10.1360/SST-2024-0180
https://doi.org/10.1360/SST-2024-0180
www.scichina.com
techcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SST-2024-0180&amp;domain=pdf&amp;date_stamp=2024-11-29

Spdk i A B SR A R R S wE 7T it

B EEF RO ARG B

Figure 1 Schematic diagram of offshore floating photovoltaic.
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Table 1 Cable layout type table
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Figure 2 Classification of floating breakwaters.
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Figure 3 Schematic diagram of box-type floating breakwater: (a) trapezoidal longitudinal section modular design [9]; (b) trapezoidal section design
[10]; (¢) multi-module hinged design [11]; (d) parabolic arc pontoon design [12]; (e) cylindrical-rectangular section design [13]; (f) combined floating

bladder type design [17]; (g) horizontal multi-column design [18].
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Figure 4 Schematic diagram of hybrid floating breakwater (with horizontal or vertical plates): (a) double pontoon-double horizontal plate design
[20]; (b) rectangular, inverted m-shaped and L-shaped designs [21]; (c) octagonal box design [22]; (d) pontoon-horizontal flange design [24];

(e) pontoon-vertical plate design [25].
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Figure 5 Schematic diagram of hybrid floating breakwater (with fences or trusses): (a) Y-frame design [26]; (b) cage design [27]; (c) pontoon-truss

design [28].
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Figure 6 Schematic diagram of hybrid floating breakwater (with air chamber): (a) design of double pontoon-air chamber [29];
(b) pontoon-symmetrical chamber design [30]; (c) pontoon-asymmetric chamber design [31]; (d) PFB, MCFB-I and MCFB-II designs [32].
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Figure 7 Schematic diagram of hybrid floating breakwater (with other specific structures): (a) double pontoons-mesh cage design with rubber hollow
balls [33]; (b) dual pontoon-mesh design [34]; (c) pontoon-superstructure design [35]; (d) double pontoon-kelp design [36]; (e) pontoon-kelp design

[37]; (f) pontoon-sponge design [38].
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Figure 8 Schematic diagram of floating raft breakwater: (a) floating design [41]; (b) steel-tyre design [42]; (¢) multi-layer horizontal staggered PVC

round pipe design [43]; (d) water sacket-steel cage design [44].
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Figure 9 Schematic diagram of tethered float type breakwater.
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Figure 10 Schematic diagram of horizontal plate type floating breakwater: (a) double horizontal thick plate design [51]; (b) board-net design [52];
(c) horizontal porous flexible membrane design [53]; (d) multi-layer flexible membrane design [54].
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Figure 11 Schematic diagram of wave energy utilization type floating breakwater: (a) vertical pile-bound floating breakwater integrated system [58];
(b) inverted L-type floating breakwater integrated system [60]; (c) multi-pontoon floating breakwater integrated system [61]; (d) OB type single
pontoon and OWC type double pontoon design [62]; (¢) WEC type twin pontoon design with a hydropneumatic complementary PTO [63];
(f) integration of ultra-long flexible floating breakwaters with multiple box-type OWC systems [64]; (g) floating breakwater integrated system with
asymmetrical bottom design [65]; (h) heave hinged WEC breakwater system [66].
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Figure 12 Schematic diagram of ballast water type and flexible damping type floating breakwater: (a) ballast water type design [71]; (b) ballast water

I-shaped design [72]; (c) cylindrical flexible design [73]; (d) composite membrane design [75].
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Figure 13 Schematic diagram of other innovative configuration floating breakwater: (a) double pontoon S-type blade design [76];
(b) complex configuration design with airfoil structure and open channels [77]; (c) new design based on multi-body coupled motion theory [79].
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Floating breakwaters, as flexible, economical, and environmentally friendly wave-dissipating structures, can improve the deep-sea
operation and maintenance environment of offshore floating photovoltaic systems. This article systematically reviews the current
research status and progress on floating breakwaters domestically and internationally. Based on the configurations and wave-
dissipating principles, this review categorizes floating breakwaters into types such as box-type, hybrid-type, floating raft type,
tethered float type, horizontal plate type, and wave energy utilization type. It summarizes their working principles, structural
characteristics, wave-dissipating effects, and performance improvements. Finally, the article points out the existing problems and
challenges in current floating breakwater research and looks ahead to future development directions in areas such as structural
optimization, material innovation, intelligent control, functional integration, and performance evaluation. These insights provide
valuable references for promoting the quality and efficient development of marine renewable energy.
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