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I8, WFFEAE RS 5 0E YR A fr S B 50

AR S 56 3 gk AR AR T R AT 5 B AR T
A% IE A0 B o XA A T K R ARZS I
48 28 5K 1Rk, 2 A IRR TR R S AE BOIR
BT 44 B Kk F1 5K . BRI T2
B SC A, IS5 8N — S RO E R AT I
B, VUM IR A ML T % T R 2R AR 7R K TR IE Y
KB ek, D Y E g 3O R R B A
ARG S H 8, I 8 BUER 5
PR PSRRI o

1 MRS A

1.1 &

I TE H AR 50K 27 A 7= BOR B9 B Tt
BRI 7 T T 2E KA TR K R B AT . K
AARZH A 50 m(L)x10 m(W)x5 m(D), &5 BL 7
FARMEFER, ST 820 m(L)x10 m(W), K5 BK
BRI DAZERE IS AR I Z 18] F FR R, REAS IR e
IR o IR KA BRI 0.5~5.0 s, fie KK
B30 em, P VE FEI0~20 ecm/s, I B X KENEK
WAVE HEIGHT METER CHT6-40, 5z K & I i
40 cm, W42 10 HzOR BE+0.3%) . I BX
ACMI100-D, i 3 78 [ 0~200 cm/s(Hs E+2%) . I
Jiit A, D 0~5 kg, 0~10 kg, &4 %R
10 Hz, 5 BE34°4+0.5%,

1.2 e RE

SRR A B iR E T B9 HDPERDE 8 )
KFFEXPRIRMFE, MAEFK40m, FHAE127m,
W10 m, AR AT LA FoK AR R 24k i
TG A BRI SRR, 7E T B AR ALK
5 D) 4 Atk L, FH K o A o DR X A
A0 MR KRR B R SF R R R R L=
10, /NREWA=AF2, T4 L R 58 A %)
N RST B HDPER 1, #5578 [ 46 AE 42 & HI PPR
B . PPRAANT 4 & 40.9~0.92, 71 Ji iz 5 11
K F20 MPa, HDPEAH X %5 B $470.92~0.96, Fi il
J# IR 73 18~25 MPa, PG BB REAHLE 2, it
R BE 28 b1 I 5 SC PR4s ag A IR) LA e BR AR L)
WEN BB, DAPR RS 40 St AR AL . SE 9 4 A
BRI AR 4 S50 2% 1

1.3 REHFEE
AT AR 2R G0 25 00 5 30 0 ok ) 2 A2 A X AR

P17 R A A (1) R i 25 248 15 & 2 r
J13F(No.1fINo.2), ZEELELLME I ES,
FI 7314 %o o B 4 A L 2,

1.4 IR

MR 90 % 25 1 PERE F R 280, 56 it
WIRFEMFR1.3~2.2s, WHE10~30 cm, ¥
5~15 em/s(#23),

1.5 BURAIESE

A5 5E B3 AR K 30 0 5 3R R TR
KF, RPN B TN BRYR 06 388 . 7
PR A A TR, SR 28 5k g Bl e (R) A2 1k
YR E R e S (B o i i 5K T

BRAET, REAE R, 854 %
Rk S Je i 44 5 FeRk IR 3K

o F

LoDy
= v
5P

A, FFRIE R ENE, FRHIWIE TN,
pHIKEFE (kg/m’), LRI K (m), DRMH HE
(m), VA (m/s).
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RN, HAh B 28 7e 2l K i AE T FEA A F st R
(A3,

22 A@ARIER T4k

BRI T 2R AiWAEHT, DL
20 cm. JAIAL.6 s MM, TR R Ik AR BT
ARag b TRk MU IRIEHBINAE, 404
ik SR, IR T~ R AR IR B ok,
2 JE A TR E 1) JE 0 5k 1 3R 5 4 (B 4)

BYBBER KK A WEN20 cm, A
R AT, BR T8 1.3 shfNo. 14848 e K
ik S, No. 444 i K5k 77 B B KT HAh B 4
gk Fr, H HNo.1. No24i#s, Fk NNo.34isg,
No.545 405K 1158/, No.1. No.248 4 5 K5k 1l
JEFAYE AR, FEJRI IR 1.3 sk 1 iR Nod
45 2 F1I N 0. 8455 4 i o] 11 A2 1k 1) 52 i Ase /N (I 5) o
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1520 Ko kAR 3%
x1 MWESRENBESHE
Tab.1 Parameter of prototype and model of the cage
Lk SEWIRIA prototype of cage T }R 45 model of cage
items P4 A5 RS /m E MR /mm P4 AR /m EL PR /mm
specs of cage material specs of cage specs of cage material specs of cage
FHERZ floating frame system
WYF inner floating pipe 40(P) HDPE @250%x22.7 4 PPR @25x2.3
HNFAF outer floating pipe 42.8(P) HDPE @250%22.7 428 PPR @25%2.3
HEREE joint 0.45(L) HDPE @320 0.045 PPR @32
STHE pillar 1(L) HDPE ®125%11.4 0.1 PPR @20x1.8
#%F handrail 40(P) HDPE D110x6.7 4 AR @20%1.8
P4 R 4K netting system
P48 net 40(P)x11(H) PA 23texx(48~40) 4x1.1 PA 23texx(18~20)
J&JE bottom circle 40(P) A steel @40 4 A steel D4
YU sinker 8 pieces VRE#EL concrete 50 kg 8 pieces A steel 50g
# R4 mooring system
% buoy 4 pieces PE 70 Okg 4 pieces PE 0.7 kg
#4348 main rope 35(L) PE @38~42 35 PE @4
FHESR rope frame 25(L)x25(L) PE @28~30 2.5%2.5 PE @3
FHELE bridle 11(L) PE @28~30 1.1 PE @3
k%% chain 2(L) 2 steel @25~30 0.2 2k steel @3

i¥: HDPE. Mm% R LI PA. Jedk; PE. R LM PP WM P A LK H ™K
Notes: HDPE. high density polyethylene; PA. nylon; PE. polyethylene; PP. polypropylene; P. perimeter; L. length; H. height

SRR KIKA LG RREFZ X A
i ERT, NodZiisz 1K, % [E45 48k Wt
SREE, W LA KR A8 4R AT X 4 . KiNo.4
BN 4, Wi RE TS5 R KK N
Z IR FR o No. 4854 fi Kk 7 Bl I e 38 R AR
R MRS, R 1.3 shf 5k T 5
K(E6), LB, [F—FBI&TT, didh
e Kok 1 5 W 1 58 R X F=C H+Cy(C, FICy
WHO(FA).

23 ERIER T8RN

WA TR ) & WRAERT, DA
10 cm/s, JHWI1.6s, P E520 cm & ], IR
KB IK W AR, dE4RAZ 1H E W EOK mAE A, B
gignnk NRRE ; MUIRME B AR, Sidgak )
WG K, FES~61 735 JE I d R fE, I
2 RS 1 SR R 5K IR 3 1 (81 7)o

WORMER FToBm KR WHRIEAT,
W 20 em, TEWRIE RS cm/sif, No.4d84af K
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KA BLE R T HABA 285K Ty, HAEARRRIIT,

e KB HoA 34848 (No.1. No.2. No.3. No.5)2
5L L (E8-a); ZET % M 10 cm/sif, No.445 48 fix
Kok J1BA R F HAb G485k 71, HKCHNo.1. No.2
4548, FIRCANo34i4E (K18-b); TEE A 15 cm/s
I, No.4%i 4 55 K7k I3 76 A 9y 1.8 s12.2 shif /)N
TNo.14i4, 7EJA A 1.6 sl K TNo.l. No.2%i%,
No.34i 45 5K J1 22 fb A K (1% 8-¢).

BORAEFF, No.5HINo.104548 JL-F A3 77,
No.1. No.2H1No.9%5 48 fi K ik g Bl it 3 1% 38 K i
B8R 5 No.4F1No. 845 48 f5: Kk 1 bl 7t 3 4 K JC B
WA ; No.11. No. 12454 5K Sy AT, H B i
HRICH] W28k s No.6FINo. 74548 % F15/N . 4%
EER SN kA RSN %N

YL R KR A HEAR T 69X %
WRAERT, No 1448 Z /K EHF MK, Nod
B2 32 R SN SE e B . XTI, 23 R No. 148
SR TEAN W] i 1N S Rk 1 5 ik 85 G &R DA K No.44
BRAEAN R JE R B Rk 0 5 B O R AT T
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Fig. 1 Layout of model cage and load cells

WRAE R, No.425 48 5Kk 7 B I o 46 K &
Ay AR Wl — BT, 408 Kk
J15 P 19 & R N F=C3H+Cy(Cy M Cy 0N %0
(325)e HFCRIC, o SR B 13, "4 Cy=
1.041e"2'*(R*=0.975), C,=—28.44In(1)+22.978(R*=
0.996).

PERAE T, No. 14528 5K 7 W 8k v 16 oK 5
A K Rl —WE AT, S04 m KK
115 Wm0 56 B2 X F=CsH+Co(CsF1Co N %0)
(326). K CsMC il Sim sy g, Alf5thCs=
1.37¢ *™(R*=0.999), C¢=24.889In(v)+74.44(R>=0.999),

W AE T, B4 fie Kk I TG i 49 Sk Bl U
BERS R A R M T U WA, Wk,
A 4 fe Kk ) o i AN R OK (1K19) . 4 48 B Kk
J1Jc s A 5P BER R R F'=C,H+Cy(C, M CgHy
HWHOGET) . FCMCehr T i val I, "5 H
C7=327.02¢ *(R*=0.972), Cg=1.021¢ 2"*(R?*=0.999),,

A S B, No 14548 i Kk TR
FNo24i%8 ., —J7ifi nl BEJ& TR R R AL AR
WA IR TE X FRG IR 5 53— 5 1 n B2
TR IR 2 AR AR , o AR 7 A B 4 i 3,
55 RR e AU T 4 R AHA

PORMPORAEA T, Noddissk ik, 5
FERR I ETRE S 25 A A . s R B, IR
BmAERT, MAERKES, bTMAEERR
FIR L 1) I 3t 1) 32 Sl K IR K T I o, o8 I 4 2
PRRIM, 1o 2% 0P VE F A KRB KT G b 2% v
T, oS S8R S I 3B sl R K
T {5 No. 445 45 5K 1 fie Ko

PORAEF R, No.1HINo.245 48 52 /K iV H1 5%
MK, No.4disa 32 I IR AR 2 K . No.4di
U AR Z K PR RIS, 1 No. 1 fINo. 245 41
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1522 Ko kAR 3%
x2 RAHESSHEXR 2 25
Tab.2 Load cell number with corresponding line E § 20 - & X ?Ocm/s/
° m] cm/s
AT BALE R R kg 2 Br o a A 15 cmls
serial number position of cable range of load cell oy g 10 o
1 AT A 40 10 B8 I A
left front anchor line ® 1) > o4 Q S
> SRR 10 ®g 0 xR gmm BT Ry
right front anchor line z -5 . S S S S—
3 A0 = 2h 4 10 0123 456 7 8 9101112
front side anchor line AR L A
4 SR =S4 10 position of line
rear side anchor line
5 o E i 10 3 ; K
T o line 3 SRR TEHBTHRS
6 TEURNERT a4 5 Fig.3 Average tension of
; l.ciozﬁt ;Enguziz%pe frame 10 different line in currents
T SRREN 552
side line of rope frame 15 .
8 AR J5 240 5 1'3 |
rear line of rope frame 1'1 |
. ° .
9 nu%’rii?% 10 z = 09l
front bridle I S 07 F
10 5 R A 5 €8 05t
rear bridle = 5 03 |
1 AV T4 5 K2 01}
front buoy line 2 -0.1
12 JaiF T4 5 —0.3
rear buoy line —0.5 . . . . ,
0 20 40 60 80 100
#3 RBRIRSHE i 1l /s
Tab.3 Parameter of experimental condition time
Tk (omis) Hifem s 4 SH{ER FNo. 1 S5B3K Sk 2
current velocity wave height period
10 13, 1.6, 1.8, 2.2 Fig. 4 Tension of No.1 anchor line in wave
0~5, 10~15 20 13, 1.6, 1.8, 2.2 40 ¢
Q
=35+ ¢ I}
30 13, 1.6, 1.8, 2.2 <501 S o135
AN 30
G O1.6s
= g 25 ¢ © Al18s
25 Kg2 X225
EE DT
o 20 =10 + B o ©
Z % 5 cm/s ® g 5t x x o x o4 q "
REust —— T0cmis : . .08  fdaog g8
=20 T lsemss 0 12345678 9101112
R[S s e U o
52 A
Q

()}
T

I

time

10 15

B2 47{ER TNo.a4i4R5K Srhsk

Fig. 2 Tension of No.1 anchor lines in current

ZIK AR R B, FIREH T No.1#INo.24i 44
BT Z 0, SA AL TRk EARE, 2K
K, MNoAZiga /K mAEH T, hTaT

RIS, 46

48
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Fig. 5 Maximal tension of different lines to different

period waves without current
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Fig. 6 Relationship between maximal tension of No.4

rope and wave height

R4 NodBBRAKNEEESHXF
Tab.4 Relationship between maximal tension of

No.4 main line and wave height

s = IN IR AT R FH
. Relationship between correlation
period . . .
tension and wave height coefficient
1.3 F=1.389H+4.073 R*=0.996
1.6 F=1.359H+5.895 R’=0.942
1.8 F=1.512H+3.574 R*=0.973
2.2 F=1.669H-2.616 R*=0.949

e FOOIEKT), HOWER, RR

Notes: F. maximal tension. H. wave height, the same below
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Fig. 7 Tension of No.1 anchor line to

current and wave
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Fig. 8 Maximal tension of different lines in 20 cm wave

height with different wave periods and currents

E

Tab.5 Relationship between maximal tension of

No.4 main line and wave height with 10 cm/s current

IR0 cm/sEINo 4B B R KK NS5 HEHXER

NI VISR MR A

A ﬁ.ﬁ/s Relationship between correlation
period tension and wave height coefficient
1.6 F=1.481H+9.398 R*=0.972
1.8 F=1.516H+6.604 R=0.978
22 F=1.679H-0.431 R=0.997

h/ﬂi/ﬂﬂl Ui A 2 TR 5 4 A e Rk g gk
frielA,

;rl_lﬁl %/ﬁﬁﬂémb 54
DIAS 5 S BR A bR 0 SRR A5 1) 25 S

A5E. FIRF, A JEnT LURIT
A2 5K ) Z A5G R BIEE
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1524 KorE ¥R

43 %

#6 FHAANLSSHINoIHEHZEARKNERSHEXR
Tab. 6 Relationship between maximal tension of

No.1 main line and wave height with 1.8 s period

s BRKIEREERR FHR R AL
L/ (cm/s) T .
1 locit relationship between correlation
w veloci
ow veloatty tension and wave height coefficient
5 F=1.01H+0.0335 R=0.973
10 F=0.749H+16.714 R=0.861
15 F=0.551H+27.486 R*=0.979

o
£

5 12 -

§212 X 5 cm/s
]

18 -2 10 1 o 10ems

W5 gl Alsems %
[

K3 47

SE 27 m
£ 0 0.01 0.03 0.05 0.07 0.09
o

PBE/(HIL)
wave steepness
9 NodBHRAKNIALEBNESKREXR
Fig. 9 Relationship between the dimensionless maximal

tension of No.4 main line and wave steepness

RT NoABBHRRKNEENESHEXR
Tab.7 Relationship between the dimensionless maximal

tension of No.4 main line and wave steepness

o/ (cmls) Bo TR SRR R AR R HL
" relationship between dimensionless correlation

flow velocity

maximal tension and wave steepness coefficient

5 F'=129.51(H/L)+0.335 R=0.966
10 F'=34.419(H/L)+0.100 R*=0.954
15 F'=16.645(H/L)-0.035 R=0.959

e PSRRI TR, H/L. BB
Notes: F'. dimensionless maximal tension; H/L. wave steepness
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Characters of lines tension of submerged circle gravity cage under
effects of waves and currents

LIU Shengcong ', HUANG Liuyi ", NIYi', CHENGHui', ZHAO Fenfang',
WANG Xinxin !, LIANG Zhenlin *, KINOSHITA Takeshi *

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Shandong University at Weihai, Weihai 264209, China,
3. The University of Tokyo, Tokyo, Japan)

Abstract: In the paper, the characters of tension in the mooring lines of a single HDPE gravity cylindrical cage
under water are studied by experimental tests. The prototype of cage has a perimeter of 40m and a net height of
10m. Based on the Dixon rule of gear tests, two scales are chosen for the experimental model, i.e. =10 and
A;~24=2. The horizontal projections of the front mooring lines are in the same direction of current or incident
waves. Uniform current is produced in the whole basin at a velocity of 0 cm/s, 5 cm/s, 10 cm/s and 15 cm/s. Regular
waves with a period within the range of 1.3 s to 2.2 s and a height varying from 10 cm to 30 cm are generated.
Tensions in the mooring lines are measured. The following conclusions might be drawn from the analysis of
measured data.(1) Under the actions of current only, the average tension in the front main cable is greater than that
of other lines. Under the actions of waves only, the maximum tension in the rear side main cable is greater than
that of other lines. The maximum tension is linearly related to the wave height. The maximum tension of the front
main line decreases with the increase of the period.(2) Under the combined effects of waves and currents, the
maximum tension in the front main line is greater than that of other lines under high flow velocity, low wave
height and high wave period; the maximum tension in the rear side main line is greater than that of other lines
under low flow velocity, high wave height and low wave period.(3) Under the combined effects of waves and
currents, the maximum tension of each line increases with the increase of the wave height, the increase of the flow

velocity, and the decrease of the wave period.
Key words: submersible gravity cages; the maximal tension of anchor line; wave; current
Corresponding author: HUANG Liuyi. E-mail: huangly@ouc.edu.cn

Funding projects: Key R&D Plan of Shandong Province(2016CYJS04A01-5, 2017CXGC0107); State Oceanic
Administration Project (GHME2016YY02)

http://www.scxuebao.cn


http://www.scxuebao.cn

