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Hydroelastic analysis of very large floating structure
coupled with mooring system
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Abstract: In engineering applications, Very Large Floating Structures (VLFS) need to rely on mooring
systems to achieve offshore positioning. However, due to their large length-to-width ratio, VLFS have low
overall stiffness and are prone to significant elastic deformation under wave action. Based on the rigid body
theory, the impact of such deformation on the mooring system cannot be taken into account, nor can the
structural dynamic response of the floating structure in the moored state be easily predicted. To address this,
this study established a coupled calculation model of the VLFS and the mooring system based on three-
dimensional hydroelasticity theory and slender rod mooring dynamics theory. With this model, the structural
response of the floating structure under mooring loads is calculable, and the dynamic response of the mooring
system to the combined effects of the floating structure’s rigid body motion and elastic deformation is
synchronously computable, thereby realizing the high-precision synchronous prediction of mooring tension
and structural response. In this paper, this model is used to analyze the coupling performance of a three-
module VLFS, and the floating structure’s load response of typical sections and the mooring line tensions are
obtained. The results show that the elastic deformation of the floating structure significantly changes the

displacement of the mooring points, leading to an increment in mooring line tension reaching the order of 10°N,
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with the maximum increment being approximately 40% of its pretension.
Key words: Very Large Floating Structures (VLFS); mooring system; slender rod theory; hydroelastic

response
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Fig.2 Schematic diagram of three-module semi-submersible VLFS
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Tab.4 Significant values of elastic deformation contribution to chock displacement (Unit: m)

LAl 1 THifL 1 TSl M THifL V
X Y zZ X Y V4 X Y VA X Y VA
MO1 0.170  0.057  0.538 0.170  0.047 0.612 0.205  0.045 0.515 0.197  0.041  0.846
MO02  0.089  0.204  0.489 0.093  0.093  0.659 0.127  0.124  0.640 0.120  0.098  0.637
MO03  0.123  0.302  0.808 0.144  0.132  1.335 0274  0.114  1.457 0318  0.122  1.798
MO04  0.040 0.120 0.386 0.036  0.099 0.354 0.050  0.097  0.356 0.048  0.083  0.283
T4l V T4l VI Sl VI AL VI
X Y Z X Y V4 X Y V4 X Y VA
MO1 0.192  0.042  0.597 0.205 0.042  0.842 0.208  0.042  1.066 0.197  0.042  0.600
MO02  0.101  0.069 0.598 0.114  0.171  0.647 0.128  0.171  0.989 0.115  0.069  0.389
MO03  0.199 0.161 1.958 0319 0239  1.393 0371  0.239  2.902 0.258  0.162  1.228
MO04  0.035 0.077 0.279 0.056  0.087  0.387 0.058  0.088  0.428 0.038  0.076  0.291

T

T

TH F4ifL X FLAL X FHL X FAALXI
X Y z X Y z X Y z X Y z

MO1 0.195  0.041 0.854 0.203  0.045  0.593 0.169  0.047  0.688 0.170  0.057  0.583
MO02  0.100  0.098  0.516 0.110  0.124  0.526 0.105  0.093  0.492 0.094 0204 0.871
MO03 0246  0.122  1.403 0.221  0.114  1.345 0.191  0.132  1.014 0.146 0302 1.864
MO04  0.053 0.082 0.301 0.053  0.096 0417 0.034  0.100  0.404 0.038  0.122  0.366

RS ZHERBREFEEMTRIENRALKNEUSRITERE
Tab.5 Statistical data of mooring line tension variation caused by elastic deformation of three-module
VLFS

15 RIA%k 145 RIALk 155 RIALk 285 RIALk
A wRskh Wk &okskh SWiskh mokik &k wRkekh Tk h
A AL /KN LK AE /% A AL /KN LU AE/% AR A B /KN A8/ % A AL /KN LU AE /%

MO1 132.67 17.5 104.72 13.8 131.74 17.3 174.10 22.9
MO02 149.13 19.7 95.03 12.5 133.32 17.5 157.05 20.7
MO03 146.95 19.4 266.39 35.1 306.99 40.5 308.21 40.6
Mo04 103.18 13.6 124.01 16.3 106.74 14.1 87.93 11.6
1.9 T 10 1.8
------- R4 )
187 K § 1.6
1.7 | 6
~ t aary z
= 12r 12 5 & 1.2 &
141 i® A
13} ) 1.0 F Y
1.2 . . . . h - 0.8 . : w w w
2600 2650 2700 2750 2800 2850 2900 2600 2650 2700 2750 2800 2850 2900
t/s t/s

(a) 1 5HRIAL (b) 14 5RIAL



762 fE AR 127 530 5 5 4

2 ‘ ‘ : ‘ ‘ ‘ 10
------- Rk , ceee R ,
Kt 18 Kt 8
10, o Al 14+ Kt |
- YIYAN AN AVRNANAN 4 = < i =
S gt ‘ NN A AN A RN AR A YAy 2 & 20 =
= | Ay . 5 & Tha AL E
6 I 0 1.0 H IAVATRTAY
‘ i AR
4 L L L L L 0.8 L L L L L
2600 2650 2700 2750 2800 2850 2900 2600 2650 2700 2750 2800 2850 2900
t/s t/s
(c) 15 FRIALK (d) 28 SR
K9 FIAZak i b ih 2 ok g ikt 2k
Fig.9 Time-history curves of mooring line tension and tension increment
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