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Study on the characters of tension in mooring lines of
anti-stormy-wave cage with cylindrical net under the
combined action of waves and currents

ZHENG Guo-fu, HUANG Gui-fang, WEI Guan-yuan, DING Lan, ZHU Jian-kang
( Fujian Fisheries Research Institute ,Xiamen 361012, China)

Abstract: The anti-storm-wave cages with HDPE pipe working deck and cylindrical net are the most popular
in today$ cages aquaculture in open ocean in China. Studying the characters of tension in their mooring lines
can not only exhibit the whole hydrodynamics performance of the cage but also provide basic data for
mooring design. Physical models of the cages with a perimeters of 40 m and a depth of 6 m were
experimented in the State Key Laboratory of Coastal and Offshore Engineering in Dalian University of
Technology in 2003. The results showed that the response of tension to storm waves, which behaved in
“wave groups” under the single action of storm waves and in “drifting” under the combined action of storm
waves and currents, is complex and different from its response to seasonal winter waves which varied with
the waves regularly . Effect of the response to the breakage of cage during typhoon needs further studying.
The relation between statistical maximum tension, which was taken to be the average plus two standard
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deviations, and velocities of current under the combined action of storm waves and currents is T =95423V*
— 42546V + 63329 (R® =0.8736) (without a HDPE pipe bottom ring) and T =54161V* +8613. 7V +
67319( R* =0.8862) ( with a HDPE pipe bottom ring) but the ratios of tension increase were 92. 5% and
s~' which indicated that

this kind of cage is only suitable for the area that current is small than 1 m - s~ from the loads of mooring

61.7% respectively when speed of current increased from 1 m -+ s ™' to 1.25 m -

line point of view. The tensions in each mooring line are different in quantity and the difference was about
25% in the test because of the uneven distribution of current. It is recommended the summation of tensions

of two mooring lines at incidence be taken as the load permission of single anchor and its rope since the

distribution of wave and current in real situation is much more complex than that in model test.

Key words: cylindrical anti-storm-wave cage; mooring line; tension characters
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Tab.1 Parameters of the prototype and model of the cage

LY
prototype of cage

BRI

model of cage

iH
: m B mm m y mm
toms R B (m) b PPRE (om) IR (m) wbpgy PPEUR (mm)
specs X specs X specs of
material material .
of cage of cage material
HEZR S I - P
inner perimeter 40 H}]I;?;E iEe @ 250 x22.7 2.5 PI;VCC IE . ®16x1.5
of cage frame pp pp
H—IRRIAK T4 PA MR TAT 45 PA M
first net bag 40 x6 PA knotless netting 46Rtex/1.45 -35 2.5x0.375 PA knotless netting 46Rtex/0.4 -10
BRI Josh PA P JoHi5 45 PA B
second net bag 40 x6 PA knotless netting 46Rtex/1.95 -65 2.5x0.375 PA knotless netting 46Rtex/0.45 -15
JRHERE - -
bottom frame 40 HDPE & @ 250 x22.7 2.5 PVCH @16 x1.5
HDPE pipe PVC pipe
of cage
pRES oyl PE
center buoy for @ 1.3 x0.65 A3 il @ 0.08 x0.04 PR 3=3
A3 steel glass

submerging control

T < I PN RR B/ NR B PR HE R R T P 2 R TR S P I ), BRI AT S B RUAR DL EER

Notes: using small balls or screws to adjust the net floatation to ensure it to accord with the law for model test.

AitEY, calculation value
80 r MSZHI{H measurement value
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Fig.1 Imitating of elastic mooring line
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Fig.3 Diagram of wave process
without currents( H=3.5 m)
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Fig.4 The response of tension in mooring
line to waves without currents( H=3.5 m)

6 -
4
& 2
= ‘ . .y
S UV I
4 0 10 20 30 40 50
t/s
BS FiERmAEEIR(H=6.4 m)
Fig.5 Diagram of wave process
without currents( H=6.4 m)
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Fig. 6 The response of tension in mooring

line to waves without currents( H=6.4 m)
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Fig.7 Dragron of waveprocess combined
with 1 m - s~ current( H =6.4 m)
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Fig.8 The responese of tension in mooring
line to waves with 1 m - s~ current( H =6.4 m)
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80000 A TJEHER tension without HDPE bottom ring #ﬂ?}%*@% T = 54161 V2 + 8613.7V + 67319
W7 JEHMESE tension with HDPE bottom ring ( R =0 8862)
z 60000 ’
S AR, B AE 2 RS B B4R 1 K F TR AE
20000 ZRPIAE S IR 32.5% . 1E BAR & XUR A 1
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Fig.9 Relation between tension of mooring : °
time and speeds of current without waves 2.5 ERBEEATEGHRENZNIFELRE
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(R* = 0.8736)
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Tab.2 Tension of mooring line under the combined action of typhoon waves and currents

. GEiHRKRAE(N) B i R AE (V) FIME(N)
ke statistic max tension peak tension in test average tension in test
current
speed FTIRAERIAE HIRHERIFE 4 18 (%) TIRIERGE wIREMM 3 08 (%) TIRERME wIREMME 3% R (%)
(m-s-l) cage without cage with  increasing cage without cage with  increasing cage without cage with  increasing
bottom ring bottom ring ratio bottom ring bottom ring ratio bottom ring bottom ring ratio
0 56 382.4 64 376.8 14.2 55032.4 61119.3 11.1 41485.2 42 277.2 1.9
0.25 63 559.3 69 993.1 10.1 58397.7 63233.5 8.3 49 176.8 50 398.3 2.5
0.5 78841.3 100 041.5 26.9 73351.9  99156.1 35.2 56 726.4 78 448.2 38.3
0.75 86 349.9 106 215 23 76 235.2 92 906.9 21.9 57947.6  91988.5 58.7
1.0 90 027.3 107 686. 1 19.6 80984.1 103 504.3 15.0 68 042.9  95511.1 40.4
1.25 173 283.5 174 077.2 0.5 185556 182 478.6 -1.7 114 795.8 115 466.3 0.6
£3 ARRS51m.s ' AEAGEAREGRBKALER
Tab.3 Comparison of tension between left and right mooring line under the combined
action of typhoon waves and 1 m - s~ current
GEiHRORIE(N) B IR AE () FIME(N)
A S statistic max tension peak tension in test average tension in test
name of ToRHE RIS HRAE P ToRHE RIS HRAE P ToRHE RIS HRAE P
anchor line cage without cage with cage without cage with cage without cage with
bottom ring bottom ring bottom ring bottom ring bottom ring bottom ring
B4
. 90 027.3 106 246.5 89 984.8 103 504. 4 68 042.9 78 536.4
total tension
471
tension of 49 922.4 58 990.6 49 584.3 58 424.6 38 261.5 43 950. 4
left mooring
H4
tension of 40 104.9 47 445.8 40 407.1 46 952.8 30 311.4 34690
right mooring
LRSI
ratio of tension 1.25 1.24 1.23 1.24 1.26 1.27

of left mooring to
right mooring
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