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Development and Application of Ice Force Sensors for Marine Structures
Based on Fiber Optic Sensing Technology
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(1. Engineering Research and Design Institute, Research Institute of China National Offshore Oil Corporation, Beijing 100010, China;
2. School of Chemical Engineering, Ocean and Life Sciences, Dalian University of Technology, Panjin 124000, China)

[ Abstract] Due to the limitations of traditional ice force measurement methods in terms of stability and reliability, and the high
sensitivity and anti-interference capabilities of fiber optic sensing technology was given, a fiber optic ice force sensor was developed.
The effectiveness of this sensor was evaluated in the context of its application in marine structures. Based on the fundamental principles
of fiber optic sensing technology and the design requirements of the ice force sensor, the research, design, and installation processes of
the sensor were described in detail, including the design calculations of the elastic element, the selection and arrangement of the fiber
optic sensors, and the construction of the data acquisition system to ensure that the precision requirements for ice force measurement
were met. A winter field measurement of ice force was conducted at an observation station in the northern Bohai Sea. Field ice force
data were successfully collected and analyzed, and the actual monitoring performance of the sensor was evaluated. The experimental
results indicate that the system exhibits good stability and reliability in practical applications. The developed fiber optic ice force sensor
provides a new reliable technical means for ice force measurement in marine engineering and lays a foundation for further research in
structural health monitoring.

[ Keywords] fiber optic sensing technology; ice force sensor; on-site ice force monitoring; extreme static ice forces
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Fig. 5 Overall structure diagram of ice force sensor
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#3 ARKETKDIEES T

Table 3 Ice force amplitude statistics under different ice velocities

1 mm/s Pk 5 mm/s VK 10 mm/s VKi# 15 mm/s VKi#
LEE(EN VKII R AH/ kN VK IR/ KN VKR A/ KN VK II R/ kN
= IR 25/ % — IR/ % — IR/ Y% — IR/ %
wEn om0 gmn Fam O pme fan D07 fmmn om0 X
1 2.247 2.525 11.03 2.497 2.771 9. 89 1. 320 1. 255 5.18 2.577 2.907 11. 36
2 2.304 2. 605 11. 56 2.534 2.637 3.91 1. 507 1. 649 8.61 2. 068 2.118 2.36
3 2.427 2.658 8.70 2.863 3.102 7.70 1. 879 2.032 7.53 2.257 2.573 12.28
4 2.454 2. 686 8. 64 2. 604 2.817 7.56 2.243 2.098 6.91 2.027 1.934 4.81
5 3.795 3.822 0.71 3.940 3.914 0. 66 0.972 1. 152 15. 63 2.168 2.101 3.24
6 2.384 2. 688 11.31 4. 656 4. 484 3.84 1.379 1. 504 8.31 1. 481 1. 464 1. 16
7 2.681 3.071 12.73 2.575 2.683 3.65 1. 543 1. 693 8. 86 1. 697 1. 823 6. 86
8 2.259 2.562 11. 83 4. 156 4. 185 0. 69 1.879 2.032 7.53 2.283 2.515 9.22
9 2.384 2. 695 11.54 3.352 3.233 3.68 1.729 2.041 15.29 2.296 2.347 2.17
10 4.271 4. 471 4.47 2.820 2.975 5.21 1. 450 1. 488 2.55 1. 600 1. 677 4.59
14 W B A
Fig. 14 On-site layout of the monitoring station
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Fig. 15 Sensor tapping test

KRR ML www.

HA U5 0 RABE ML RE A3 5 B 5 AF T
ALY /R AL R A B R AR X R 224 8. 28% , 1]
T AL S PR TREHE IR K

stae. com. cn



B A 5T R

8580 Science Technology and Engineering

2025,25(20)

(b) TR RIBL(E)
0.20
0.15
z 0.10
Z
E|
g 0.05
0
—0.05
0 5‘0 160 150 2(|)0 2.50 300
i 8)/s
0.5 (c) Peh_ETHERE

0 20 40 60
B 1R)/s
(d) BB TR

80 100

K16 RBLUKHER KoK Tyt s

Fig. 16 Large ice accumulation and ice force time history
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