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Tab.1 Principal dimensions and material parameters
of the jack-up net cage

Z4 Parameter $U{H Value
£ Length 133 m

% B Width 70 m

R B Cage height 103 m

FEb 7KK Operating water depth 22 m

BERE RS Leg dimension @ 1.8 mx0.016 m

#1 %} Material Q345
JHUPEAR H Elastic modulus 211 000 MPa
JA#A Lt Poisson’s ratio 0.3
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Fig.1 Diagram of the net cage under operating condition
N

Surface of water

¥
ARNANNRNN ARNRARNARNN)

(RRNARNN RNARNRRANNN]

=
g
=
B

t

i JJHHHH H)H HHUHLI lLI

J VAR RITH RARRN TN ARV 1))t

| W
Seabed
K2 RIFEF 6 X2 AR RS A
Fig.2 Diagram of the net cage under survival condition
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Tab.2 Environment loading parameters of the jack-up offshore net cage

R G PR = PR 1 T THT AL S A 7 [1]
Condition Wind velocity /(m/s) Wave height /m Wave period /s Current velocity/(m/s) Loading direction/(°)
1EH# Bl Operating condition 20.8 6 10.8 1.5 0/45/90
XZ& A A7 Survival condition 61.2 11 12.2 1.5 0/45/90
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Tab.3 Loading direction and phase angle (operating condition)

AT 7 [7) T FAL AR
Loading direction/(°) Loading condition Phase angle/(°)

0 LC1 75

0 LC2 81

0 LC3 165

0 LC4 270
45 LCs 9
45 LC6 19
45 LC7 60
45 LC8 69
45 LC9 254
45 LC10 303
45 LC11 313
45 LC12 339
90 LC13 102
90 LC14 108
90 LC15 109
90 LC16 112

x4 BEAHERMEARAE AR

Tab.4 Loading direction and phase angle (survival condition)

A 77 1] T4 AHA £
Loading direction/(°) Loading condition Phase angle/(°)

0 LC17 93

0 LCI18 162

0 LC19 246

0 LC20 327
45 LC21 17
45 LC22 50
45 LC23 96
45 LC24 158
45 LC25 220
45 LC26 245
45 LC27 271
45 LC28 322
90 LC29 95
90 LC30 255
90 LC31 256
90 LC32 343
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Tab.5 Maximum deformation of the net cage
(operating condition)

T R A
Loading condition Maximum deformation /m
LC1 0.082
LC2 0.082
LC3 0.075
LC4 0.077
LCs5 0.107
LCe6 0.106
LC7 0.080
LC8 0.079
LC9 0.094
LC10 0.112
LCI11 0.112
LC12 0.099
LC13 0.115
LC14 0.089
LCI15 0.089
LC16 0.088
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Fig.10 Stress contour of the net cage under operating
condition (loading condition 0°, phase angle 75°)
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Tab.6 Maximum Mises stress and its location of different PEFTOR 34 4 190 MPa, JLAT, WJ%@K [ ¥ 4 B 4%

parts of the net cage (operating condition)
. FR; 15340 DL R 14,
T I REERON T

Loading  Maximum (VA ST SCRAE TE AR RS iR A R, 28315545 1
condition stress/MPa Location %ﬁﬁm% E ﬁ’{j(?& AR TH T E@%Wfiﬁt%ﬁiﬂjﬁ
LC1 130 7 EWEBRPEFF Brace of leg 7 LA B UL 8, v LI Y, 7E .40 LC18 Fl LC29
LC2 131 7 S HERR AT Brace of leg 7 %H:F ’ M?ﬁﬁ?‘%’]?’f 4 %*E%%ﬂ%i*@%ﬁ*ﬁﬂ&
LC3 140 7 B HEBEEEFT Brace of leg 7 6 TR 1R R AT B R SRV 34 190 MPa,
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Structural response of cage under operating condition (LC29 environmental loading condition)

BAI X D, XU T J, ZHAO Y P, et al. Fatigue assessment for the
floating collar of a fish cage using the deterministic method
in waves. Aquacultural Engineering, 2016, 74: 131-142

CHEN Y Y, HUANG Y, LI H X, et al. Study on general
performance of jack-up under storm survival condition. Ship
and Ocean Engineering, 2011, 40(6): 142-145 [FRiEE, 8%
—, L, F. AT B B AFRIRASTERE T
WhoE. WS T2, 2011, 40(6): 142-145]

CUI Y, GUAN C T, HUANG B, et al. Numerical simulation of
the hydrodynamic characteristics of double-bottom cage for
flounder fish under waves. Progress in Fishery Sciences,
2019, 40(6): 18-24 [H:8E, KW, MUK, %, BORIMEAT
XUJZ PO JEG B4 P A 7K 50 0 R R LRI, il A2 it
J&, 2019, 40(6): 18-24]

CUL Y, GUAN C T, ZHAO X, et al. Analysis of two-dimension
flow field of the square cage based on particle image
velocimetry (PIV). Progress in Fishery Sciences, 2015, 36(5):
138-144 [ 5, XK %, B, 55 T PIVHARWITTE
AR —AEm 54T ol B2EHEE, 2015, 36(5): 138-144]

DNV. Recommended practice DNV-RP-C205 environment
conditions and environment loads, 2010

GUI F K, ZHANG B B, QU X Y, et al. Force analysis of piles in
net enclosure aquaculture engineering subjected to waves
and current. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(11): 31-38 [#:fgdH, ik



66 ook B

543 &

WO, MGEE, 5. Pl R SR TR AR S5
Z AT Rl TR, 2020, 36(11): 31-38]

HAMMERSTAD B H, SCHAFHIRT S, MUSKULUS M. On
fatigue damage assessment for offshore support structures
with tubular joints. Energy Procedia, 2016, 94: 339-346

HOU H M, DONG G H, XU T J, et al. Fatigue reliability
analysis of mooring system for fish cage. Applied Ocean
Research, 2018, 71: 77-89

HUANG X H, LIU HY, HU Y, et al. Deformation simulation
and structural improvement design for floating collar of
deep-water aquaculture net cage. Transactions of the Chinese
Society of Agricultural Engineering, 2018, 34(15): 44—49
[ AN, XIERH, BARE, A GOKIRIE AT AT AR

ZE T Zzikﬁ””%ﬁ 2018, 34(15): 44-49]

HUANG Y X, XU H, DING J L. Research on the development
of offshore aquaculture facilities and equipment in China.
Fishery Modernization, 2016, 43(2): 76—81 [#{—», 0,
TR TR B R K™ IR AR B R A R RIS, Il R
R4k, 2016, 43(2): 76-81]

JIN Y. Strength analysis and optimization of the spud leg of
jack-up wind power installation ship. Ship Science And
Technology, 2021, 43(2): 131-135 [4:Me. [ T XUE 2%
JH AR J 5 B2 23 B FIAC AL . MR RLEHOR, 2021, 43(2):
131-135]

KLEBERT P, PATURSSON Y, ENDRESEN P C, et al. Three-
dimensional deformation of a large circular flexible sea cage
in high currents: Field experiment and modeling. Ocean
Engineering, 2015, 104: 511-520

LIUH Y, HU Y, HUANG X H, et al. Failure and fatigue analysis
of floating structure of offshore cage. Transactions of the
Chinese Society of Agricultural Engineering, 2020, 36(3):
46-54 [XUHERH, #A5E, BE/ME, S5 OK MR AR Y

B R s MERE M. A0k TREEAIR, 2020, 36(3): 46-54]

LIU H Y, HUANG X H, WANG S M, et al. Evaluation of the
structural strength and failure for floating collar of a
single-point mooring fish cage based on finite element
method. Aquacultural Engineering, 2019, 85: 3248

MOE H, FREDHEIM A, HOPPERSTAD O S. Structural
analysis of aquaculture net cages in current. Journal of
Fluids and Structures, 2010, 26(3): 503-516

SHABAKHTY N. System failure probability of offshore jack-up
platforms in the combination of fatigue and fracture.
Engineering Failure Analysis, 2011, 18(1): 223-243

SHI'Y J, LIU X, ZHAO Z M. Strength analysis of key structures
for jack up platforms under storm survival conditions. Oil
Field Equipment, 2011, 40(6): 15-21 [S27K%, XIJH, #3%
B BAFTOUT A TRCE G RS R BE o BT, A il
WML, 2011, 40(6): 15-21]

WANG S M, SHEN W, GUO ] J, et al. Engineering prediction of
fatigue strength for copper alloy netting structure by
experimental method. Aquacultural Engineering, 2020, 90:
102087

WU S B, WANG C L. Strength calculation and analysis of legs
on jack-up platform in storm survival condition.
Shipbuilding Standardization Engineer, 2020, 53(6): 48-52
(A, Ewde. A TFCE G U A FRAR A AR 5 B T
B b, MEAAEREAL T RRIM, 2020, 53(6): 48-52]

YANG J, LIU S J, XIE R J. Application of ANSYS on offshore
oil engineering. Beijing: Petroleum Industry Press, 2010 [1%
o, XIS, 4. ANSYS FEiFEAm TR AR .
JbaT: Ayl Tl i, 2010]

ZHAO Y P, BAI X D, DONG G H, et al. Deformation and stress
distribution of floating collar of net cage in steady current.
Ships and Offshore Structures, 2019, 14(4): 371-383

(%3 LuE)



4] Pl A% A T BRI MR A R 00 T 2544 22 e A BF 5

67

Research on Structural Safety Evaluation of Jack-up Offshore
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Abstract To further exploit offshore fishery resources while avoiding coastal pollution issues,
offshore net cages are gradually moved towards the deep sea. However, the deep ocean environment
is very complex and harsh, which severely threatens the safety of offshore net cage structures.
Therefore, developing a deep-water net cage with a strong ability to resist high waves and maintain
structural safety is essential. Based on the structural characteristics of the jack-up platform that
allows the main body to move up and down along the platform legs, a new offshore net cage has been
presented. When extreme weather occurs, the net cage body can quickly submerge along the legs,
providing a solution for open-sea aquaculture to resist extreme loading. Research on jack-up
platforms is mainly in traditional ocean oil and gas platforms and offshore wind turbine installation
facilities. It can provide helpful suggestions for this research. The jack-up net cage developed in this
study is composed of the leading steel frame and eight pile legs. The bottom of the pile leg was
inserted into the seabed to fix the entire net cage. The cage frame could move up and down along the
eight pile legs to meet the requirements of cage operation, survival, and towing conditions. The
material of the cage was Q345 steel with a yield strength of 345 MPa. In this study, the safety factor
was 1.5, and the allowable stress was 230 MPa. To analyze the structural safety of the jack-up net
cage under operating conditions and survival conditions, numerical models of the net cage were first
created using the general finite element software ANSYS Mechanical according to the geometric and
material parameters of the net cage. The element Pipe59 was used to simulate all pipe structures,
including the legs and cage frame. The pile leg sleeves were simulated using Solid45.

In addition, node coupling technology was used to simulate the relationship between the legs and
leg sleeves. The primary environmental parameters under operating and survival conditions are
known based on sea statistics. Then, the wave phase angle search code using the APDL language was
developed in this study. The implementation of the proposed code successfully simulated the
maximum wave-current coupling force; hence, the most dangerous loading condition under different
phase angles was obtained. As the cage structure is symmetrical about the x and y-axes, only three
loading directions of 0°, 45°, and 90° were considered in this study. After analyzing the reaction force
variation of different pile legs with phase angle, 32 loading conditions were determined. Next,
structural response analyses of the jack-up net cage under operating and survival conditions were
performed.

The entire structural deformation, stress distribution, and maximum von Mises stress location
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were obtained. When the loading direction was 90°, and the phase angle was 102°, a maximum
deformation of 0.115 m was obtained under the operating conditions. At the same time, the maximum
equivalent stress of 191 MPa was observed at the No.7 pile leg, which was less than the allowable
stress of 230 MPa. Under the survival condition, the net cage had a maximum deformation of 0.097 m
when the loading direction was 45°, and the phase angle was 322°. Under loading conditions LC18
(loading direction 0°, phase angle 162°) and LC29 (loading direction 90°, phase angle 95°),
maximum equivalent stress of 190 MPa was achieved at the connection between the No.4 pile leg
brace and the upper frame and the strong vertical brace of No.6 pile leg, which was also less than the
allowable stress of 230 MPa. According to the results above, it can be concluded that the structural
safety of the offshore net cage in this study meets the strength and stiffness requirements by
analyzing the deformation of the offshore net cage and comparing the maximum stress with the
allowable stress. In addition, the maximum equivalent stress was mainly found at the legs or the
braces near the legs, regardless of the operating or survival conditions, which indicates that these
vulnerable parts can quickly fail and require key consideration in design.

Moreover, to indicate the effect of the jack-up net cage on the extreme environmental conditions, the
structural deformation and stress of the net cage under operating conditions, under the same loading
conditions as the survival conditions, were calculated. The results indicate that the net cage's maximum
deformation and equivalent stress under diving conditions were reduced by 55% and 41.4%, respectively,
compared with those of the net cage under operating conditions. This proves that this jack-up type net
cage can handle extreme environmental conditions by moving down the cage body. This study provides a
method for the structural safety evaluation of large-scale offshore net cages. Considering that safety
evaluation is systematic work, the fatigue strength, pile leg stability, and dynamic response characteristics
under towing conditions may be studied in further work.

Key words Offshore net cage; Jack-up; Structural safety; Strength analysis
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