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A Study on Mooring System and Submerged Cable
Behavior of Floating Underwater Surveillance System

with Two Point Mooring

Oh, Tae Won
Department of Naval Architecture and Ocean Systems Engineering

Graduate Ph. D of Korea Maritime University

Abstract

A floating underwater surveillance system is a weapon system that uses
an acoustic sonar to detect a target infiltrating the sea. It has excellent
mobility and features that it is easier to install, recover, and maintain than a
fixed underwater surveillance system. This surveillance system consists of a
nomad-type buoy, 2 point catenary mooring system and submerged cable.
The submerged cable consists of a dynamic cable with a lazy wave
geometry and an array-assembly cable with an acoustic sonar. The purpose
of this study is to verify the stability of submerged cable and mooring
system of floating underwater surveillance system. In order to evaluate the
operability and survivability in sea state 7, dynamic analysis of buoy
considering marine environmental load was performed and reflected stiffness
of mooring system and submerged cable. The design tension was calculated
by dynamic analysis and the safety of mooring system and submerged cable
was verified. The behavior of buoy and submerged cable was evaluated. A
model test was performed in a two - dimensional wave tank.

Buoy motion, mooring line tension, submerged cable behavior and cable

- XII =



tension were measured under the conditions of irregular wave and current.
The model test results were compared with the numerical analysis results to
verify the reliability of the analysis results. The sea test site is located near
Geoje Island and operated for about 2 months. A floating underwater
surveillance system was installed under the environmental conditions of sea
state 3. And it was operated in an environmental condition of sea state 6
by the indirect influence of the typhoon. However, installation and operation
were stable. Therefore, the floating underwater surveillance system
developed in this study is expected to be stable operation under the

environmental condition of sea state 7.

KEY WORDS: Floating underwater surveillance system °]3 4% 7ZAIA|Al; Submerged
cable “FF7°lE; Dynamic cable &2 A °lE, Array-assembly cable
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WMO¥] sea state cod
2 A AA Fot F&
Ol 1.9knots®] 22 R EF o =Z 2 0knots(¥F 1.0m/s)E L3, T
< 51.5m/s(100knots)E A &stA =t o #H> F=AdFY olF4 i

Tx= Ao 5Y44 BN SR TAHAA L T5 TlEH.

i
do

Table 2.1 WMO Sea State

Sea state code Wave height(m) Characteristics
0 0 Calm(glassy)
1 0~01 Calm(rippled)
2 0.1~0.5 Smooth(wavelets)
3 05~1.25 Slight
4 1.25~25 Moderate
5 25~4.0 Rough
6 4.0~6.0 Very rough
7 6.0~9.0 High
8 9.0~14.0 Very high
9 14.0 °]% Phenomenal

Table 2.2 Operating condition of Floating Underwater Surveillance System

Description Opera.lt.mg Remark
condition
Significant wave height 9.0m WMO Sea State 7
Wind velocity 51.5m/s Wind velocity at 10m height
Current velocity 1.0m/s

Rolg FEPAAAL LEHT AEHS Fusy] AANE AFAS 55
Aol o] THerH AL A2 7HEE Aol WA =S sholof shm A
A8 A7 Fustelor Atk WAl R 4
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Zo 9% Aol Frsolok @
of Zol oe 24 A

AAA  1.67, &7 (damage) Z7oA 1.250]H, anchor®] 582 H]EA
Al(intact) 2714 1.5, &4 Al(damage) =714 1.05 ©]/e] k&0l S EE
oo} Ft}.
Table 2.3 Safety factors of mooring line and anchor
Description Mooring line Anchor
Condition of Quasi-. Dynamic Quasij Dynamic
system dynamic dynamic
Intact 1.75 1.67 1.60 1.5
Damaged 1.25 1.25 1.15 1.05
Transient 1.25 1.20 1.15 1.05
# Reference : APl RP 25K




22 Fo] AAAAY R FAH

Dol A Fabel EAl(hull)sh AP TFEE(mast) Lel3 FWY ASH B
=REyaz Tzl Ak BAl Uide 2314 mEes 245 54
Sol AL sRolE RAFHE WFs] AW WHiE Rl F(weight)7h
2aso] Qo ARTEENE HEF AU 597, BAE QL 5ol w®
Aslo] 9o, 24 2%

Holo] AA| Zole 65m, L& 282mo|H, Hx REggE X

586omelth. AA7A wol= 29m, EFE 25m, WiFFES Qk 30 +
AZ Fol AW ZEo2 oF 14m Fold AA s At Fole] 7] Al g
BARAE, ZF4AZ, F59 WL Table 249 gow ZF3t5 = {53515
ARA FEAGE B oR 128 A &30
Table 2.4 Principal dimensions of Nomad Buoy
Description Dimension Remark
Length 6.5m
2.82m
Breadth 5.85m Buoyancy tank included
Depth 29m
Draft 2.5m
Freeboard 0.4m
. Mooring line weight not
Displacement 30,350kg included
Center of gravity 1.401m
X 35,2469kg- m*
Moment of inertia Y 69,082.6kg- m’
Z 57,912.2kg- m?
S 2
Wind area ee 2.4m2 Drag coefficient : 1.2
Sway 72m
S 2
Current area ee 6.73m2 Drag coefficient : 1.2
Sway 10.3m
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Fig. 2.1 General arrangement plan of Nomad Buoy

Fig. 2.2 Nomad Buoy




Isometric Plan view

Fig. 2.3 Wire frame model of Nomad Buoy

222 #AY At

Holo] FAHZE 23 WAL/ 3 A (Diffraction / Radiation) =AE 3|4 stE
48 TR MOSESE AH&3te] A4ttt BRE fAE Age T
P A AN S H Fig. 2.4~Fig. 2.9% displacement RAO, Fig. 2.10~Fig.
2.15% load RAO, Fig. 2.16~Fig. 2.18= QTF A4t ZA}o|t},



Surge(m/m)

11

0.; \\‘ = { —0 —45 —90 —135 —180 }’l‘ rrrrrrr

0.8 M e

sl N T T e ; e J\ ....... R
- = AN Ny ‘ Al -
o2 O W %fﬂﬁ M;:
A O SZTRNA A
gl e W SAINAN

01 03 05 07 09 11 1.3 15 17 19 21 23 25 27 29 31 3.3 3.5 3.7 3.9
Frequency(rad/sec)

Fig. 2.4 Displacement RAO(Surge) for Nomad Buoy

Sway(m/m)

1.4
1.3
1.2
1.1 \
1
0.9
0.8
0.7

0.6 /
0.5
0.4
0.3
0.2 .
0.1 : b
0 . =

01 03 05 07 09 11 1.3 15 17 19 21 23 25 27 29 31 3.3 3.5 3.7 3.9
Frequency(rad/sec)

—0 —45 —90 —135 —180 [: B

Fig. 2.5 Displacement RAO(Sway) for Nomad Buoy

Heave(m/m)

.

SIOCI0ONDIOD ERRERE
oRNwWpnONDORRNWRUO

:

01 03 05 07 09 11 1.3 15 17 19 21 23 25 27 29 31 3.3 3.5 3.7 3.9
Frequency(rad/sec)
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Fig. 2.17 QTF(Wave Drift)-Sway for Nomad Buoy
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Fig. 2.18 QTF(Wave Drift)-Yaw for Nomad Buoy
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Table 2.5 The value of X

= 25 2.6 2.7 2.8 29 3.0 3.1 3.2 33 | 34 B

B/d| .
X, | 10 | 098 | 09 | 095 | 093 | 091 | 090 | 088 | 086 | 0.84 | 0.82 | 0.80
d . Adre] HH#E 5 (m)
X, : GO #ll met AA A= F
Table 2.6 The value of X,
G, <045 0.50 0.55 0.60 0.65 0.70<
X, 0.75 0.82 0.89 0.95 0.97 1.0
G Aol W @A, A (1)l o @
, W
G = TomrBd (1)
I Aure) 254089 Hoj2ol(m)
ko RbgRe] 43 WA {50l wek thgel og AlF
Table 2.7 The value of k
1004,/L'B 0 1.0 15 2.0 25 3.0 35 40<
k 1.0 098 | 095 | 088 | 079 | 074 | 072 0.70
A, s Ao AHF T alEZo SH EYHEH(m?)
r AFEA A @0 9% FH10 oY A 10 A8
OG
2




Table 2.8 The value of s
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Table 2.9 The result of GM calculation of Nomad Buoy
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Fig. 2.20 Stability curve of Nomad Buoy(GZ Curve)



Table 2.10 The result of stability of Nomad Buoy

Description Stability range Calculation result
GM 0.15m or more 25m, O.K
0.02m or moor
CZ (When the roll is more than 30°) 0.62m, O.K
Maximum GZ The roll is 30° or more 40° , O.K

Area under the
GZ Curve

Roll(0°~30°) > 0.055m - rad

0.208m - rad, O.K

Roll(30°~40°) > 0.030m - rad

0.107m - rad, O.K

Roll(0°~40°) > 0.090m - rad

0.315m - rad, O.K




23 AF34 R AFAHA 74

231 AFIFY Y

A4 AT ols A L-8AF LA (single point mooring system)¥ T
A 74 (spread mooring system)©] Ut LHAFHA L FFAZE FH
wA vigholu st} e oY ek wel AFEA ISt AFEE F

Fa o g 7hEv e 47 @1 AlF(catenary anchor leg mooring,
A (single anchor leg mooring, SALM), E]2l(turret)
)

1
AT L BaAZ AFAC] Ao TLHH 1

Nomad®d *ol= =5 BFHA oY e A4 st 2RsIES
18AF Wals A&ste Aol dirdoltt. 28y £ A+ 289 nomad¥d
Fol= iAol EH} dynamic cable2 FAEH FFACIEH AAH 3o 1
A AFE & A AoEFH AFAl AHAHIAY 2d + Aot 18 A5 A
oj&o H=3 AFHoY Wi 9 &Ao] BAE ¢ lormg AolEd AF
Aol P HA FEF 7] AsiXe 1:8AF Eoe AT S A &ste
Zlol sttt

GAAR B T BEE AR 4 AR A AFEe7E S FAe
ol sl ol AR dolE &A & + Ao Aol A AFH] 54
sHAl Wets AYolx sttt 18y w2 dxolX= FAZE E5E ol
o5 FHd A F o] YoAFHo] F AS AHol gA4A SUHE F AU
orvg AFA Atelx7t AAok sta FA EHZol A FRAFHS A 7]
g = lenz 7 FFol 5o Atk ®vE JHEVY ARSA S A
THAZE Yol FA 9 P50l sFo] A AR Aoyt FH oz ZojAH 3
AA ol Fekgk Aol FElsit. 1y VR @3l o FAVE d=
o &8t Asd + doerng ZFY Wy AekA ¥ A7 ¥4 2



~

pre S 1 T %0 o % o W =T Mw X
ﬂM %ﬂzwﬁgﬁo.ma
BB FrPrPE iy
5 fr3LinEok
T B WA o2 AT
B R AT
T g Tk g Ty ow
B AR - . S A P
T o o B4R T
— o g < = B O S
Wl =0 ﬂ.ﬂ 0_1_ i3 _.E o_l : <
s T S
= [ o| o ok
& T D & %4 B o ¥
. = e = A P s
o S = =W T w5 o
A 5 i vl T _~ :WWW | "
= . N i
o o %urﬂfkﬁ%ﬂ%w_w
S < B g S T B W om —
TP Bl w2
™ N e )" H] _ww Bl o ) o
mo o 9 o H/_M = 5 T2 o HM
g o o) HT =T N m Eﬁ O# o_l — X
9] - ® p 2 B S
S Jo W 0 o o S = K —_
Exwm O E®TE YT w
>, N o g g D wﬂ Hﬁ P ay Y
R J)J e g T o — = W e =
PR C R BT T A
§ RARE D REo
< — Fo = =T N {
ycmﬂ# ﬂﬁ% T2+ %5
E__v ﬂNo ﬂv’l = o oy H_t LT N ll
o M ol o LU w0 o
o oI T o T H T M N e W

L

) By

i 14,

s kAol ®

|

A
AFA s AR

EFA wAeE AZ A

7]
™

st} Fig. 2.21~Fig. 2.29

S

FRemH, 3

shel AF AEHo]
1978 5

}o Al FA1# dynamic cable®] 4 o
[e)

5 HoFEnh 18 AFAdls Fol7t 2199 2l wet ArEA 33

st7] ¢

¢}

/\?g

)

B3 % Rolo HEFAY AR ABOE ¢
btk T 28 AFANE oo Ash Hulzt AR o

°

5]

°

S|
tez AFAdd AlolE mdol A TA

meta ARAel A4 A
24, 34 AR A

9t A7 dynamic cable Abe]e] 3124 o]
ol LA

Z] %
Z
&

°



2=
TEa

A
p

_]

22

=

A3
nolg T447)

HA

S

b
o

°

+

A
AlFFAle] Aaeeb Awjel A4 = o

T

o] glo] MFFLIt A B

o] 31 AFAET A

4=
==

i

I
23 AF+=

I

60m

o] At} g Al
_/'\_
£

My op

1 7}

=0
—

FSAT.

S|

H
FaA
o]

or

o X

0

&

A
240
o]

12

=)

o

o/
o

)
Fig. 2.21 Mooring pattern of 1 point mooring buoy(Plan view)

Ul
3 4%
begebs dex ARdos A
bl

| HojA
25 Al

ol
5
s}

4

Fig. 2.22 Mooring pattern of 1 point mooring buoy(Side view)




120
[
110 7

100 /

90 /
/

80 /!

70 7

60 /

50

40 ’
4

30 pd

/
20
/
10 P

e

0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 1590

Mooring Line Contact Clearance from Dynamic Cable{m)

o

Arc Length{m)

Fig. 2.23 Contact clearance between mooring line and dynamic cable for 1

point mooring buoy

[E—
60m

Fig. 2.24 Mooring pattern of 2 point mooring buoy(Plan view)

T

Fig. 2.25 Mooring pattern of 2 point mooring buoy(Side view)




150
140 -

130 //
120

110
yd

100 >
%0 /

80

70 o’
e
60 P

50 Ve
/
40 /
30
!
20 -

el

Mooring Line Contact Clearance from Dynamic Cable{m)

10
L
0 ~

0 10 20 30 40 50 60 70 80 S0 100110120130140150160170180190200210220230240

Arc Length{m)

Fig. 2.26 Contact clearance between mooring line and dynamic cable for 2

point mooring buoy

[E——
70m

’—v

Fig. 2.27 Mooring pattern of 3 point mooring buoy(Plan view)

Fig. 2.28 Mooring pattern of 3 point mooring buoy(Side view)




o
=1

@
=1

E
T
3
3 pd
L 70 7
E /
g
& 50 /
£ /
s /|
-; 50
g
5 /
E 40 ’/
] /
]
3
T 30 /
38 d
@ /
£ .
520 ~
w P
£
5 P
5 10 P
= ’/
T
0
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
ArcLength(m)

Fig. 2.29 Contact clearance between mooring line and dynamic cable for 3

point mooring buoy

233 A4 A

2 AT AL&H+= 7HElH e Al f(catenary mooring) 219 AlF{FAHL AH
EHE Ho]Al(buoy chain), E3>Z(rope), °§7A|<l(anchor chain)e&E T4
o FolH Q1S migTolA o] wir gl FA Folo Fow g A A
o] mEE aEste] Aol 10me ARle HEshAth GAADL AFol o
Qo] os Fold o]lFHS HAdst F&E touch down lengths &H
st 7 BFHE SUAITZ] et Aol 70me] FHFo] & Ads A&t
Aok 2ol FolAlF FAAR]D Abolo] AFAHE AA AR THS =
o|7] #sty B2 E A {3




Table 2.11 Characteristics of synthetic fiber ropes

Type of Material Nylon Polyester | Polyethylene Polypropylene
Ultimate tensile
strength(ton,/in) 11.3 9.9 5.6 6.3
Wet strength compared 90°% 100% 100% 105%
to dry strength
Breaking strength(ton/in) 43.2 32.4 29.7 35.1
Energy absorption 6.8 39 21 41
(m.ton/m)
Endurance.to cyclic good excellent fair excellent
loading
Dry weight/100ft(kg) 11.8 13.8 84 8.4
Specific gravity of fiber 1.14 1.38 0.95 0.91
Buoyancy Negative Negative Positive Positive
Elasticity elongation at o o o o
20% of ultimate strength 7% 7% 6% 10%
L,
Water absorptlon.m % of 99 1% 0% 0%
rope dry weigth
Resistance to plastic flow good excellent poor fair

Fig. 2305 22X A ©& AFEL E4S 9% 238 AF 345 Uerd
o AL 200m, o] FAAA YAF7E= #* AgE 170meolH AFAHL
oAl 10m, FAA] 70m, Tl 229 AS AFH dol} T, A4S
of wat AFAH] Wyt AHolstrE ZAo)= 185m, 190m, 195mE z+zh A
£393, AAI F7F, axial stiffness= Table 2,129} o] #&3Ach =&
oy wg, vy, 2RelW #HFe T 9.0m, H}ﬂf Z£ £21m/s, 2FE
4 1.0m/sE FE3AT a8 BE shso] Folo AMFoA FAlo] &
st Zo g 7HA e
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Table 2.12 Mooring rope material properties applied to mooring analysis

Dia. | om0 Al wWeight(aV/m)
Material (mm) breaking stiffness Remark
mm
load(kN) (kN) in air | in water
16 253.3 16.160E3 0.016 0.0140
Wire 6x19 Wire with
24 570.0 36.360E3 0.035 0.0310 .
rope wire Core
32 1,013.4 64.640E3 0.063 0.0550
34 2727 1,744 0.013 0.0032
Polyester 8-Strand
43 426.2 2,725 0.020 0.0050 L
rope multiplait
52 613.7 3,924 0.028 0.0071
34 262.3 188.8 0.010 0.0010
Nylon 8-Strand
42 409.9 295.0 0.016 0.0016 o
rope multiplait
51 590.2 424.8 0.023 0.0023
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Fig. 2.30 Mooring arrangement(Side view)

Table 2.13 Mooring tension result according to rope material

Description Wire rope Polyester rope Nylon rope
Mooring
. Rope . Max. . Max. . Max.
line Dia. . Dia. . Dia. .
length tension tension tension
length (mm) (mm) (mm)
(m) (kN) (kN) (kN)
(m)
16 1,076.3 34 407.0 34 38.0
265 185 24 924.0 43 728.0 42 48.1
32 3,816.7 52 527.7 51 57.2
16 562.7 34 1,193.0 34 35.1
270 190 24 950.0 43 447.0 42 43.0
32 846.0 52 667.0 51 52.5
16 625.3 34 373.3 34 32.8
275 195 24 970.0 43 477.0 42 39.1
32 2,865.8 52 447.0 51 47.5
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&} 7|4, U(z) : 1Thr mean wind speed at elevation z above MWL(m/s)

U, : 1Thr mean wind speed at elevation of 10m above MWL(m/s)

z : Elevation above sea level(m)
zp  10m(reference elevation above sea level)

g FE2 EF 7IFSE 20knots(SF 1.0m/s)olH, " FAE F&55
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stk 7k,
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Vs D=V, O 555 [ forz < 0
dy+z\"
‘/c, wind (Z> = ‘/c, wind (0> d fOI' _dO < z< 0
0
V., wina(Z) =0forz <—d, 8)
q71A,

V.(2) = total current velocity at level z
z = distance form still water level, positive upwards
V. tide 0) = tidal current velocity at the still water level
V., wind 0) = wind-generated current velocity at the still water level
d = water depth to still water level(taken positive)
dy = reference depth for wind generated current, d,=50m
o = exponent-typically a=1/7
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Table 2.14 Environmental condition
Description Env1ron.n.1ental Remark
condition
Significant wave height(m) 9.0 Sea State 7
Wave Period(sec) 11.58
Wave spectrum JONSWAP
. . 51.5 10m above the surface
Wind velocity(m/s) 421 2m above the surface
Current velocity(m/s) 1.0
Water depth(m) 200
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A3t Sinker, MG AI 0| & FolE A3t dynamic cable, Aol &2 TF
A% F9A 4% 98-S 3+ DBM(distribute buoyancy module) & E T4
o AFAzET FFAClEe] AW Table 2159 2w, Fig. 245, Fig.

Table 2.15 Dimension of mooring System and submerged cable

Configuration Dimension
Buoy g32mm, G2, L=10m,
chain Weight=22.0kg/m(in air), MBL=583kN
Mooring Nylon Z40mm, L=200m, 8-strand multiplait,
Mooring line rope Weight=1.0kg/m(in air), MBL=333.5kN
system Anchor g60mm, G2, L=70m,
chain Weight=79kg/m(in air), MBL=1,940kN
Anchor Fixed
Pre-Tension 40kN
Array-assembly cable | @45mm, L=80m, Weight=4.12kg/m(in air)
Submerged Dynamic cable #35mm, L=695m, Weight=2.4kg/m(in air)
cable DBM 40kg(Buoyancy)x 10EA
Sinker 6.0ton(in seawater)
. 7
Buoy 40m l
\\5 X —ty
\ Buoy Chain
(@32mm, L=10m)
Mooring Line 1
Water Depth
(200m) Nylon Rope
(@40mm, L=200m)
DBEM
(Buoyancy 40kg x 10ea) Anchor Chain
Mooring Line 2/ (260mm, L=70m)
Array-assembly Cable
(@45mm, L=80m)
/ Dynamic Cable
(@35mm, L=695m)
ol
(6.0ton i:‘g:; water) Anchor(Fixed

Fig. 2.45 Mooring arrangement of Floating Underwater Surveillance

System(Side view)
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Table 2.16 Combination of environmental load

Wave Wind Current
Lc H | T |Dir.| Wave V |Di.| V | Din A“Z‘_Y_Sis
(m) | (sec) | (o) | spectrum | (mys) | (°) | (mys) | (o) | condition
LC1 90 | 1158 | 0 021 0 1.0 0
LC2 90 | 1158 | 45 421 | 45 | 10 | 45
LC3 90 | 1158 | 90 421 | 9 | 10 | 9
LC4 90 | 11.58 | 135 421 | 135 | 10 | 135
Intact
LC5 90 | 11.58 | 180 421 | 180 | 1.0 | 180
JONSWAP
LC6 90 | 11.58 | 225 421 | 225 | 10 | 225
LC7 90 | 11.58 | 270 421 | 270 | 10 | 270
LCS 90 | 11.58 | 315 421 | 315 | 10 | 315
LC9Y 90 | 1158 | 0 21 0 1.0 0 Line-2
damage
LC10 90 | 11.58 | 180 01 | 180 | 10 | 180 | Lined
damage
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Table 2.17 Correction factor(a)

Number of simulations
Method of analysis
n= n=10 n=20 n=: 30
Dynamic 0.6 0.3 0.1 0
Dynamic-1 window 1.2 0.8 0.55 0.45
Quasi-dynamic 1.8 0.9 0.5 0.4
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Table 2.18 Result of maximum mooring tension and extreme value

statistics(EVS)

Tension of fairlead(kN) Tension of anchor(kN)

Seed L/C Line-1 Line-2 Line-1 Line-2
Max. | EVS | Max. | EVS | Max. | EVS | Max. | EVS
1 61.2 61.7 431 445 419 419 32.9 35.1
2 59.8 60.2 49.2 50.1 40.0 40.0 26.0 28.8
3 55.8 55.8 60.1 60.9 35.2 35.6 39.1 40.0
4 489 49.8 63.8 63.8 25.6 29.1 43.1 431
1,000 5 45.6 45.8 59.8 59.8 431 52.0 39.9 40.6
6 50.2 50.2 65.8 65.9 28.6 28.6 45.5 455
7 58.4 58.7 62.5 62.8 37.3 37.4 41.2 41.2
8 61.8 61.9 50.7 51.0 41.2 41.2 28.2 30.3
1 60.8 61.2 437 441 41.2 41.2 37.6 40.6
2 58.2 58.3 47.8 479 38.4 38.4 25.2 28.2
3 53.9 54.9 58.5 594 33.7 33.7 37.7 37.7
2 000 4 47.3 47.8 62.2 62.2 24.5 28.2 41.6 433
5 46.5 46.5 594 59.5 44.6 48.5 39.6 39.7
6 49.2 49.5 64.3 64.3 26.9 30.4 43.5 453
7 57.3 57.4 61.5 61.5 36.3 36.5 40.2 404
8 60.0 61.8 49.6 49.8 39.6 419 27.0 30.1
1 61.6 61.7 448 448 414 419 38.9 46.5
2 60.3 60.9 489 49.7 39.9 39.9 26.3 291
3 55.6 56.0 60.1 60.8 34.9 35.0 39.0 39.0
3,000 4 49.3 51.0 63.9 63.9 25.8 29.3 43.2 432
5 46.3 47.1 60.9 60.9 50.7 58.9 40.5 41.0
6 50.4 51.0 66.4 66.4 27.8 30.6 45.6 45.6
7 59.0 59.0 63.1 63.1 38.2 38.8 42.2 422
8 61.6 62.1 51.2 524 414 414 27.8 30.5
1 60.0 60.1 457 46.5 40.0 40.1 429 50.4
2 58.7 58.9 48.0 48.5 39.1 39.1 25.4 28.7
3 54.2 54.2 58.8 58.8 33.9 33.9 38.0 38.0
4,000 4 479 48.2 62.9 62.9 249 28.6 42.5 425
5 484 484 594 594 444 449 38.6 40.5
6 50.0 50.3 65.3 65.4 27.6 30.3 441 442
7 58.0 58.4 62.2 62.7 37.8 37.8 41.5 415
8 60.9 60.9 499 50.1 409 41.0 27.8 30.3
1 60.0 60.1 434 440 39.8 39.8 29.3 29.6
5,000 2 587 | 587 | 479 | 479 | 392 | 392 | 249 | 289
3 54.3 54.4 58.7 58.7 33.4 35.2 37.6 37.6




47.5 47.6 62.7 62.7 249 28.8 421 421

45.9 46.5 59.1 59.3 44.6 44.7 38.9 38.9

49.5 49.8 64.9 65.0 274 30.4 44.0 44.0

57.4 57.5 61.5 61.6 36.4 36.4 40.2 40.3

[o<RIEN NN RNO) BN

60.9 61.1 49.7 50.0 40.2 40.2 26.9 304

Table 2.19 Result of mooring tension and design tension

Number of Tension of fairlead(kN) Tension of anchor(kN)
simulations | Seed Line-1 Line-2 Line-1 Line-2
(n) Max. | EVS | Max. | EVS | Max. | EVS | Max. | EVS
1 1,000 | 61.8 61.9 65.8 65.9 431 52.0 455 455
2 2,000 | 60.8 61.8 64.3 64.3 44.6 48.5 435 453
3 3,000 | 61.6 62.1 66.4 66.4 50.7 58.9 45.6 46.5
4 4,000 | 60.9 60.9 65.3 65.4 444 449 441 504
5 5,000 | 60.9 61.1 64.9 65.0 446 447 440 440
Ty 61.6 65.4 498 463
Ty 0472 0.724 5.279 2.180
T,,(a=0.6) 61.8 65.8 53.0 476
Max. Tp 65.8 53.0
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Fig. 2.48 Mooring tension distribution along arc length of Line-1(Seed 1,000)
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Fig. 2.49 Mooring tension distribution along arc length of Line-2(Seed 1,000)
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Table 2.20 Result of maximum mooring tension and extreme value

statistics(EVS)
Max. Mooring tension(kN) Tension of anchor(kN)
Seed L/C Line-1 Line-2 Line-1 Line-2
Max. | EVS | Max. | EVS | Max. | EVS | Max. | EVS
9 51.8 54.0 - - 428 415 - -
1,000
10 - - 49.1 51.6 - - 32.0 32.6
Max. Tension 54.0 428
60
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Fig. 2.54 Time history of mooring tension for maximum tension

point(Line-1, LC9)
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2 03mm/year®] F4 F mtRE 1St oF &1, nylon ropev WHEI A
o, 3 Myel B F= FAE st SR A AgACdE
229 ALS FUHE o] BWasio
Table 2.21 Mooring line safety evaluation
. Safety(Intact/Damage)
M?ﬁ;ng Configuration l(ﬁgli Max. T Safety Safety check
* "D | factor | (Allow. S.F=1.67/1.25)
Buoy chain
(©32mm, G2) 583 8.9/10.8 OK
Line- Nylon rope
12 (©40mm, 85/T) 333.5 | 65.8/54.0 51/6.2 OK
Anchor chain
(©60mm, G2) 1,940 29.5/359 OK
AFAL Folot AZAHE FFolAFEH buoy chain, St nylon rope, <3
719t AZAFH= anchor chain®® T3t buoy chaine H'Z(splash

zone)ol SIASIL Qow Folo) Fam A% VAR vlEr} /1 AT HEo
b2 AARAYEG ¥ & J9AEE Ze Ade ARgsielen, Ad F3kel
swivelE o} Fol7l sttt AQlo] mAA FEEF AT T y
dE Zx= ALY joining shackle?t AZAT F UYEE TS ool ~Zo]
Z2=(eye splice) 7}& < 3}al rope protectorsg ¢ PHE Qg vfRE WAD
5 =% s
Table 2.22 Dimension of mooring line
Description Configuration Length(m)
1 Buoy &32mm, G2, L=10m, JS+E+SW+EL 10
chain MBL=583kN +C~C+EL+E+]S
& 40mm,8-strand .
2 e TN ety
P MBL=333.5kN pe P
3 Anchor g60mm, G2, JS+E+EL+C~C 70
chain MBL=1,940kN +EL+E+AS

#]S:Joining Shackle, E:End Link, EL:Enlarged Link, C:Common Link, SW:Swivel,

AS:Anchor Shackle
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ZIYE B2 g F¢2 A7 Hi FF L A 2 (10)0 5] 4
AstArt.
Ty <X SF

V: —_—, W: V>< . 10
Flp.=pu) e a0

AZNA V: ZAYE FHA JA A ()
Wi 2ALE 84 A $3FHE)
T, : A7 Agehe FHAH(GLE)

S.F

f

O

47 R E(1.5)

: AW v A (2 38 E&YRE=0.5)
p, : ZIAYE FAFHQ2.3t/m?)
Py ¢ MFEE(1.025¢/m?)

2h-getE > dAFNA Y A A=<l 53.0kN(G4E)S A&k, A HA
AFA Apele] Z4xQl dA S-S 0°= 7M. A WS Beetal &l
Ade gto g EQhe wHshA] fdgton, npEATE 05(¢WM&ZAYE)R
7S ATTE HA(PHELS API RP 2SK 7ol W} 5314 (dynamic analysis)
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A4t A3 g R 5 e FTAYUE £59 Ha AHL 127107
F7] F THE oF 292F°02 4 Eoo] Table 2237 o] Aole} Zo] 3.0m,
o] 1.5mel Z2IAYE E5L FY2 IAE ALSAT

Table 2.23 Dimension of gravity anchor
Description Dimension Remark
Length(m) 3.0
Breadth(m) 3.0
Concret Height(m) 15
gravity Volume(m') 13.5
anchor
_ in air(ton) 311 |Concret Unit Weight: 2.3t/m?
Weight
in seawater(ton) 17.2 Density: 1.025t/m?




Fig. 2.60 Concrete gravity anchor

G712 E YA o= 25 (Stock) W7, 58] X(stockless) BA, TIFH (high
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w, : AL T FFFF(N/m)
I ARle] Zol(m)

7o) HFAY F% 44 ATE Table 2249 2. h7 e} HFAL A
Mol A FARL 23 Wolok s Ak A& 158 Hustolol Ak,
i) A2 Ade AAAA A3 G2 GAd0) FAA e Aol
A% W5 ASE A8Y A4S WAL ANE olde] $4FFES Frsjoo}
FEG 7Y VAT & Jx Ao FrrgUnh

|

m?_,l

Table 2.24 Holding capacity and weight of drag anchor

Description Mud Hafd San.d Y Sand Fine
soil soil gravel
Max. Tension of 54
anchor(ton) )
Safety factor 1.5
Min. Holding power(ton) 8.1
Holding power coefficient 5 5 5 34 34
(KR Rule)
Anchor weight in 41 27203
seawater(ton)
Anchor weight in air(ton) 4.72 311~2.34
Anchor selection Stockless Anchor(Weight : 4,890kg)

¥ Anchor weight in air=Anchor weight in seawater/0.869

o} ARl £Hus

7YY ARd Foles ARA ATl 98] =<3 ARE stal dor=

g, vhg, 2/ 7IQlske &R o8 FHEWAESAE A Y AT
7 wgAME F& AFd AT AF Folof Fo] e AFA Aol
S 8T 4 3 dynamic cable®] F4& A HIAE = JoE=
cable Aoju FEA] wjx] Fof FaFS = F At wWepA vz Ao Folg

O
Sguslo] te Bt B asi,

stezdd AlEgdeld A¥ 24 JHEuE ARE Folo Al sEWsl=
Table 2259 Zo™ Ao FHWH= 787/m=E AAHHo Fo|g %
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Table 2.25 Result of horizontal movement for mooring buoy

1/C Horizontal movement(m)
X Max. Y Max.
LC1 29.2 9.6
LC-2 20.3 45.2
LC-3 1.7 65.3
LC4 -8.0 48.1
LC-5 -24.3 29.2 9.6 787
LC-6 -15.6 -61.8
LC-7 19 -78.7
LC-8 19.5 -59.1
r) L Mooring Linel\\
X
Wave
Wind
Current

/

Array-assembly Dynamic Cable

Cable
/

Mooring Line 2

Fig 2.61 Horizontal movement of mooring buoy(Plan view)
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Fig 2.62 Horizontal movement of mooring buoy(Side view-1)
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Fig 2.63 Horizontal movement of mooring buoy(Side view-2)

30

...................................

Vessel X (m)

t t t t
0 200 400 600 300 1000
Time (s}

Fig. 2.64 Time history of maximum X-direction horizontal movement for

mooring buoy(Load Case : LC-1)
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Fig. 2.65 Time history of maximum Y-direction horizontal movement for

mooring buoy(Load Case : LC-2)
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2 AFAE touch down lengths SHe}7] 93t 27 60mm, Zo°]
70me] PlaZ FAL FAARJE ALRoH, BE gzl e AEY
ol A3 Table 2.263% o] H4 10m ©]/¢9] touch down length7} &K = o
A7 224 o] TASHA F= A2 HIIEHAT

Table 2.26 Touch down length of mooring line

1/C Touch down length(m)
Line-1 Line-2 Min
LC-1 12.5 32.5
LC-2 15.0 25.0
LC-3 20.0 20.0
LC-4 25.0 15.0
LC-5 40.0 15.0 100
LC-6 25.0 10.0
LC-7 15.0 15.0
LC-8 10.0 25.0
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Fig. 3.1 Potential dynamic cable configurations
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Fig. 3.4 Conceptual design of submerged cable
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Table 3.1 Properties of submerged cable
Description Dynamic cable Arrayc-:ls;:mbly
Length(m) 695.0 80.0
Diameter(m) 0.035 0.045
in air 2.4 412
Mass per Unit(kg/m ~
P (kg/m) e 1.629 2.35
MBL(kN) 388.0 98.0
Bend radius(mm) 500.0 500.0
Bending stiffness(kN- m?) 0.129 0.264
Axial stiffness(kN) 50.4E3 64.08E3
Torsional stiffness(kN- m?) 1.28 1.28
Drag coefficient 0.47 0.47
Inertia coefficient 2.0 2.0
Seabed friction coefficient 0.4 0.4
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Fig. 3.6 Cable tension calculation point

Table 3.2 Result of cable tension for submerged cable

Dynamic cable(kN) Array-assembly cable(kN)

L/C N(:\de Max. N(]);de Max. N(():de Max. NoDde Max.
LC-1 144 3.2 0.0 0.0

LC-2 154 10.0 0.0 0.0

LC-3 24.6 21.8 0.0 0.0

LC-4 14.5 111 0.0 0.0

LC-5 16.6 243 3.6 198 0.0 00 0.0 00
LC-6 171 0.9 0.0 0.0

LC-7 16.4 0.8 0.0 0.0

LC-8 15.2 0.9 0.0 0.0

Table 3.3 Maximum cable tension and safety evaluation of dynamic cable

Dynamic cable Safety
c Max. Safety Safety check
Dia. WAL, Tension(kN) Factor (Allow. S.F=1.67)
?A35mm 388.0 24.6 15.8 OK
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Table 3.4 Minimum bend radius and safety evaluation of dynamic cable

L/C Min. Bend radius(m) Allowable bend radius(m) Safety
LC-1 5.36
LC-2 6.16
LC-3 4.29
LC+4 7.33
LC5 919 4.29 0.5 OK
LC-6 5.82
LC-7 4.31
LC-8 5.87
Table 3.5 Touch down length of dynamic cable
L/C Touch down length(m) Min.(m)
LC-1 131
LC-2 105
LC-3 60
LC+4 105
LC-5 133 60.0
LC-6 149
LC-7 155
LC-8 149
o L,
Side View
Top View

Fig. 3.8 Behavior characteristics

of submerged cable(LC1)
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Fig. 3.9 Behavior characteristics of submerged cable(LC2)
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Fig. 3.10 Behavior characteristics of submerged cable(LC3)
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Fig. 3.11 Behavior

characteristics of submerged cable(LC4)
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Fig. 3.12 Behavior

characteristics of submerged cable(LC5)
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Fig. 3.13 Behavior characteristics of submerged cable(LC6)
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Fig. 3.14 Behavior characteristics of submerged cable(LC7)
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Fig. 3.15 Behavior characteristics of submerged cable(LC8)
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Fig. 3.16 Time history of cable tension for dynamic cable node A(LC1)
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Fig. 3.17 Time history of cable tension for dynamic cable node B(LC1)
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Fig. 3.18 Time history of cable tension for dynamic cable node A(LC2)
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Fig. 3.19 Time history of cable tension for dynamic cable node B(LC2)
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Fig. 3.20 Time history of cable tension for dynamic cable node A(LC3)
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Fig. 3.21 Time history of cable tension for dynamic cable node B(LC3)
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Fig. 3.22 Time history of cable tension for dynamic cable node A(LC4)
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Fig. 3.23 Time history of cable tension for dynamic cable node B(LC4)
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Fig. 3.24 Time history of cable tension for dynamic cable node A(LC5)
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Fig. 3.25 Time history of cable tension for dynamic cable node B(LC5)
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Fig. 3.26 Time history of cable tension for dynamic cable node A(LC6)
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Fig. 3.27 Time history of cable tension for dynamic cable node B(LC6)
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Fig. 3.28 Time history of cable tension for dynamic cable node A(LC7)
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Fig. 3.29 Time history of cable tension for dynamic cable node B(LC7)
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Fig. 3.30 Time history of cable tension for dynamic cable node A(LCS)
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Fig. 3.31 Time history of cable tension for dynamic cable node B(LCS8)



3.5 Lazy Wave®d T37A01E A4AA

3.5.1 VIV(Vortex Induced Vibration)

=
A AolE TS ELASHA ot vl F &LE=ole AlolE FA&se T
< F7IHCE WsIAA, AoldY AE AFTATIEH ole Aoy AA
fré&ol AAEAY. 2EE %5 (strouhal frequency)o] AlolE Z3te] /3153
dAetH FHAFo] WA= ol Aol A FEFE HA F o=
2 olo g HEV} she, VIvel 23 ¥zl 7FsA & DNV-0S-F201 7]

Vortex shedding frequency= 2] (12)° ¢J3f Al4be ot

f,=55 (12)

71X, f, : vortex shedding frequency
U : local tangential flow velocity(1.0m/s)
D : outer cable diameter(0.035m)

S, : strouhal number(Typically 5=0.14 to 0.25)

?1 2ol W& vortex shedding frequency A4t A¥+= o3 2o | Fx
T3 4.0~71HzZ2 ALFE AT

Table 3.6 Calculation result of vortex shedding frequency(fs)

U(my/s) D(m) St fs(Hz)
1.0 0.035 0.14~0.25 4.0~71

ml

s ME Fot AHstR o Mg A= Table
373 k. AolE 1FFuE 13k REo|A 0.035HzoIH 202 RO A



0.372Hz =, 12k~202}7kA1 9] A f-F3 W9+ 0.035~0.372Hz= Y EFSTE o
A vortex shedding®ll 23t FHF347} 4.0~7.1Hzol 3 Aol L2 I FFT
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Table 3.7 Calculation result of natural period for

dynamic cable

Mode Period (s) Frequency (Hz)
1 28.470 0.035
2 23.012 0.043
3 14.531 0.069
4 12.502 0.080
5 9.598 0.104
6 9.106 0.110
7 7.237 0.138
8 6.233 0.160
9 5.803 0.172

10 5.291 0.189
11 4817 0.208
12 4491 0.223
13 4144 0.241
14 3.664 0.273
15 3.641 0.275
16 3.626 0.276
17 3.218 0.311
18 3.010 0.332
19 2.905 0.344
20 2.690 0.372
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Fig. 3.32 Modal analysis result of dynamic cable
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Fig. 3.33 T-N Curve of dynamic cable
(BV NR 493, multi-strand wire rope)

Table 3.8 Wave occurrence rate(South sea of Seogwipo, KHOA)

Wave height Wave period Occurrence Exposure time

(m) (sec) rate(%) (hours)
1.0 3.86 58.32 5,108.8
2.0 5.46 34.96 3,062.5
3.0 6.69 54 473.0
4.0 7.72 0.95 83.2
5.0 8.63 0.25 21.9

6.0 °]& 11.58 0.12 10.5
A 100 8,760




Table 3.9 Result of fatigue analysis

Worst damage
Damage over total exposure 0.09725
Total exposure time (years) 0.9993
Life (years) 10.2759
Arc length (m) 0.0
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Fig. 3.34 Result of fatigue life evaluation along arc length for dynamic

cable
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Fig. 3.35 Result of fatigue damage evaluation along arc length for dynamic

cable



3.5.3 Bl €A °] &2 On-Bottom Stability
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Table 3.10 Dimension of array-assembly cable and weight block

Description Dimension Remark
Dia.(D) 45mm
Array-assembly in air(wy, 412k
cable Weight |—; (Cair) 12kg/m
in seawater(w,,,) 2.35kg/m
Weight of weight block 20kgx5EA@19.5m in seawater




Array—assembly Cable

Weight Block

Fig. 3.36 Weight block arrangement of array-assembly cable
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Table 3.113% #Zth.

Table 3.11 Evaluation condition of On-Bottom Stability
Description Dimension Remark
Water depth(d) 200m
Density(p,) 1,025kg/m’ seawater
Height(H,) 9.0m

Wave Period(7") 11.58sec

conditions ; ;
Angle between wave direction and .
el 90
pipe(V,,)
Velocity (v) 1.0m/s
c Angle between current direction and 90°
urrent pipe(0,)
conditions
Reference measurement height over
200m
sea bed(z,)




7}. Current Condition
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Table 3.12 Seabed roughness(Reference: DNV-RP-F109_On-Bottom Stability
Design of Submarine Pipelines)

Seabed Grain size d;,(mm) Roughness z,(m)
Silt and clay 0.0625 ~5. 107 °
Fine sand 0.25 =1 107
Medium sand 05 ~4. 107°
Coarse sand 1.0 ~1. 10°*
Gravel 4.0 =3 10 *
Pebble 25 =2 10°
Cobble 125 =1 10 ?
Boulder 500 =4 10 *




}. Wave Condition

(1) JONSWAP peak-enhancement factor

JONSWAP peak—enhancement factors= 2] (14)°] 23l AArE T}

{ 5.0, ps< 3.6 T
v = 1exp(5.75—1.15p), 3.6<p<50 = —=
1.0, pz= 5.0 VA, (14)
« o = 3.86
e v = 3.71
o] 7] A, : JONSWAP peak—enhancement factor

7
H, : f9%31(9.0m)
T, : 3+&571(11.58sec)

(2) Significant flow velocity(U,)
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Fig. 3.37 Significant flow velocity amplitude U, at seabed level
7, - ¢ (15)
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(3) Mean zero up-crossing period(7,)
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level

¢ 2 =o =T mean zero up-crossing period(T, )< 14.614secE AHEH

A Aol &l ZEshe HFol o7 s H== 4 (16)°] sl AAtEH X



U 1 0.5772
= = — |v2- Int+ = 1.897 16
=T T A nr 8 (16)
o 71 A, 7 AW S5 ~HEY [F 35 $=739.017)

T : Sea states®] A|<&A|ZH3AIZT

U = 0026 x 1.897 = 0.049m/s

6) ATEE F/(T)

A AolEol FEets vl o MF S5 Frie= A (17)° &) At
ozl
7 [k=5 (k-1). T/T, for T,/T, < 0.2
br = —{ 1 T,/T, < 02 17)

1.25  for y=1.0
A7 A, k, = {1.21 for ~=3.3
117 for ~v=50

T / T, = 030895

k, = 1.20
T / T, =10
T" = 14.614sec

S| A A o] £2] on-bottom stability H7}A] dtFe] A 21 o 2o



) AL Akt AT 237t &L A

Aol o] AW Ak Aol met Aol o] 2§}

) however > 0.3

however = 0.0

(h
NN Zp* v

Fig. 3.39 Definition of penetration
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U 3ol 93 5545(0.049m/s)



Vo 2RO 9% E555(0.391m/s)
* ]. * * *
Fy =ty 5 pp D C UV (19)
o374, F, : A28 315(0.003kN/m)
Ttot,z _}]:Z_} HC}EE)]: —‘:5]' L—/J\——Z" T(O 791)
p, @ MEFEE(1,025kg/m’)
D : Al°ol& #]E(0.045m)
C. : 3FA(0.91)
U : 3o 9§ 584 %(0.049m/s)
V' z2R 9% 584%5(0.391m/s)
EAF ;9 C & Table 3130 23 AH4=EH K 9 M & 4 (203 2
K =UT /D, M =V/U (20)

Table 3.13 Load coefficients

Table 3-9 Peak horizontal load coefficients
I\“
q’ 2.5 3 i 20 a0 40 50 ol 70 100 =140
0.0 13.0 6.80 4.55 333 2.72 240 2.15 1.95 1.80 1.52 1.30
0.1 10.7 5.76 3.72 272 2.20 1.90 1.71 1.58 1.4% 1.33 1.22
0.2 9.02 5.00 3.15 230 1.85 1.58 142 1.33 1.27 1.18 1.14
0.3 T.64 4.32 279 2.01 1.63 14 1.33 1.26 1.21 1.14 1.0
0.4 663 3.80 2.5] 1.78 1.46 1.32 1.25 1.19 1.16 110 1.05
At 0.6 5.07 3.30 227 1.71 1.43 1.34 1.29 1.24 1.18 1.08 1.0
0.8 4.01 2,70 2.01 1.57 1.44 1.37 1.31 1.24 1.17 1.05 1.0}
1.0 325 230 1.75 1.49 1.40 1.34 1.27 1.20 1.13 1.01 1.04
20 1.52 1.50 145 1.39 1.34 1.20 1.08 103 1.00 100 K]
5.0 111 1.10 1.07 1.06 1.04 1.01 1.00 100 1.00 100 1.0
10 1,060 1.0¢ 1.00 1.00 1.00 1.00 1.00 1.040 1.00 100 1.0}
Table 3-10 Peak vertical load coefficients
C; K
=25 J it 20 0 40 Jo 6l o 100 2140
0.0 5.00 5.00 4.85 321 2.55 2.26 2.01 1.81 1.63 126 1.05
0.1 387 4.08 4.23 2.87 215 L77 1.55 1.41 1.31 111 0.97
0.2 3.16 3.45 3.74 2.60 1.86 1.45 1.26 1.16 1.09 1.00 0.90
0.3 301 325 3.53 2.14 1.52 1.26 110 1.01 0.99 0.95 0.50
0.4 287 3.08 3.35 1.82 1.2¢ 1.11 0.98 0,90 0.90 0.90 0.90
M 0.6 22i 2.36 2.59 1.59 1.20 1.03 0.92 0.90 0.90 0.90 0.90
0.8 1.53 1.61 L.80 1.18 10§ 0.97 0.52 0.90 0.90 0.90 0.90
1.0 1.05 1.13 1.28 1.12 0.99 0.91 0.90 0.90 0.90 0.90 0.90
2.0 0.96 1.03 105 1.00 0.90 0.90 0.90 0.90 0.90 0.90 0.90
5.0 0.91 092 0.93 0.91 0.90 0.90 0.90 0.90 0.90 0,90 0.90
10 0.90 .90 0.90 .90 0,90 (1,90 090 0,90 0.90 0.90 0.90
For K* <25 the a.klmnzmnalload coefficient can be taken as (_" s .25/ K" where Cl Fa2s is the relevant value

in Table 3-9 under K* = 2.5,
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(1) Safety factor
AolE A HI7HAI9 safety factor(r,)= Th=3 Z©] DNV-RP-F1095 o}
2 wjgA £ g on-bottom stability H7lA = By oz Hojgh<l

Table 3.14 Safety factor(,,)

Description Low Normal High

Winter storms in Sand and rock 0.98 1.32 1.67

North Sea Clay 1.00 1.40 1.83

Winter storms in Gulf of | Sand and rock 0.95 1.41 1.99
Mexico and Southern

Ocean Clay 0.97 1.50 2.16

Cyclonic conditions Sand and rock 0.95 1.50 2.16

North West Shelf Clay 0.95 1.56 2.31

Cyclonic conditions Sand and rock 0.95 1.64 2.46

Gulf of Mexico Clay 0.93 1.64 2.54

(2) On-Bottom Stability 7}

T3tz g on-bottom stability 7} A3= 4 (21)% 2t

Voo % < 10 1)
7] A, 7,. : Safety factor(2.54)
Fy : AN530F 315(0.004kN/m)
F, : AW 815(0.003kN/m)

g, A
TE= %5 %(0.0353kN/m)
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Aslzo thek On-Bottom Stability 7} A3 2] (22)9F 2t

*

F

w

N
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7] A, 7,. : Safety factor(2.54)
F, : Avg2 e z‘s}%(o OOSkN/m)

w, : AClEH} THFEY T35 T (0.0353kN/m)
Fy
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A H(servo)d] HIAE o]&sta] FAsA o, AFAdd FEAlEe] FH<

AZ#7) Astel £FAA A8 F Jx BFY 15 2oL ASSAT

25.0m, ¥ 1.0m, =9|

20em 7HA] WA FbsEa PRF 2REYFAE Fstn Aok

- 25m -

Fig. 4.1 Schematic of 2-Dimensional Ocean Engineering Basin

Table 4.1 Dimensions of 2-Dimensional Ocean Engineering Basin

Description Dimension
Length 25.0m
Width 1.0m
Height 1.0m
Depth 0.8m
Wave generation range Wave height : 30cm or less, Period : 0.5~3.0sec
Current generation range Current velocity : 1.0m/s or less

Fig. 4.2 2-Dimensional Ocean Engineering Basin
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Fig. 4.5 3D position sensitive detector
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422 AFRY

Fol= 7lsksta A Aol met doj(m)= F3 sk AdAksilem, A
2o A4S 1Tt FARY %Z.-E— 1:430.2 AAsAT. Folo A A
I APdnge A a9y 2y F443 AlF HAH LS Table 4.29F Fig. 4.63%
kda=y

Table 4.2 Experimental model data of the buoy(Scale : 1:43)

Length 6.40m | 0.15m
Breadth 5.05m | 0.12m
Depth 248m | 0.06m

Draft 2.08m | 0.05m
Freeboard 0.4m | 0.0lm
Center of gravity | 1.05m | 0.02m
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Fig. 4.6 Experimental model of buoy

2 Ao H88 AFAI2EHL buoy chain, rope, anchor chain®Z 45
H AZ-2  buoy chain?} anchor chaine #|Q1E, rope= wireE AF8-3F3 T
TF A °1EE dynamic cable?}t Wi @A °]E 12]al dynamic cable S-3Fell F-3
5= DBMOE FA4E T} Dynamic cable2 wireE, l@Ao] &2 Qs ARE
st o™ DBM 0.3kge #¥H& zke FYAE A&t 4R AHE
HAFAY FF 2 A8%S FAHAE ol ARAzd 2 FFACNE A
< Table 433 2ot AlFA B FF5Al0lE WA, 2 W 24 E5E Fig. 47

2z},

A)
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Table 4.3 Mooring line material properties applied to numerical analysis

and model test

Numerical analysis

Configuration Model test
(Real scale)
Pre-
) 40kN 0.52N(Real scale : 40kN)
Tension
Chain, 65mm, Chain, 91.5mm,
L=2.0m, L=4.7cm,
Buoy : : : :
hai Weight=0.907kN/m(in Weight=48E-9kN/m(in
chain
air), Axial Stiffness : air), Axial stiffness :
426.7kN 0.023kN
Mooring Wire, J43mm, Wire, 41.0mm,
Mooring line L=35.0m, L=81.0cm,
system -1, 2 Rope Weight=0.012kN/m(in Weight=3.9E-9kN/m(in
air), Axial stiffness : air), Axial stiffness :
218.2kN 0.004kN
Chain, 65mm, Chain, 9 1.5mm,
L=70.0m, L=163.0cm,
Anchor ) ) ) )
hai Weight=0.907kN/m(in Weight=48E-9kN/m(in
chain
air), Axial stiffness : air), Axial stiffness :
426.7kN 0.023kN
Anchor Fixed Fixed
Wire, @1.0mm,
) L=372.0cm,
Dynamic ) )
- Weight=3.9E-9kN/m(in
cable
air), Axial stiffness :
Under 0.004kN
water Chain, 91.5mm,
cable L=186.0cm,
Array-assembly . .
- Weight=48E-9kN/m(in
cable
air), Axial stiffness :
0.023kN
DBM - 0.3kg(buoyancy) x 8EA
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< 30m=E 7HA3H ol wE ZoFz FALE 70cmE H LA B2 g
of 3 APz HA2AY w3 50m, I}F7] 11.0seco] thste] T3 0.12m,
357] 1.68secEs, 18I 293 (H1/3, significant wave height)®} 3571
(T, mean period)ell W3t F7FA WHFE A& ISSC ~2IAEHS H3 ~HE
Hog AREPT. 2HES AA 2AYL 1.0m/sol sl 015m/sS A
Art.

oo
ol
ol

Table 4.4 Environmental condition of numerical analysis and model test

Description Numerical analysis(Real scale) Model test | Scale
Water depth 30m 0.7m
Hs 5.0 0.12
Wave T 11.0sec 1.68sec 1/43
Wave spectrum ISsC ISSC
Current velocity 1.0m/s 0.15m/s

o] HX¥d THE AT Case2Z YT 33T A3 Case- 12 Ho
o] &8 H(surge, heave, pitch)# AlFAe #HE& AZsr] 3 Ao
2 Folof FHFom Aol AmRe 28 AFE staL, AFAY A AS
< dsted AR Aol A4 ZEAE HASHeH, FEANES BE 1
HelA FAT 2F Case2v FTACNEY A9 A BAAFY W3 #F
= FolE A7 AT MHAFE

sto] dynamic cable &3 sttol 242 AHAS AR50

TFHEd 23F Case-1¥ Case2 WIA| G Fig. 483 Fig. 499 #omH
Case-19] XA A AF A= Fig. 4107 2o AP 2712 Table 459 2
=
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Chain(4.7cm) ~=r ~~~Buoy 15cm

L
180° 0°
Rope(81cm)
éEJ Wave, Current P T~ ! Mooring Line—1 Wave, Current
2 Tensiometer /
1 Chain(163cm) Mooring Line—2
—1 ]
1 | l
! 256cm T 256cm !
SIDE VIEW
| 256cm | 256¢cm |
£ T T 1
3
8 X 7 = N ﬁ
T \;
Anchor Mooring Line—2 \—Buoy Mooring Line—1 Anchor
PLAN VIEW
Fig. 4.8 Configuration of model installation(Case-1)
116om Vv
L al
180 DBM \ o
£ Wave, Current Buoy Wave, CurrentT
S 256¢cm
E Tensiometer
Array—assembly Cable(186¢m)
/ Dynamic Cable(372cm) Mooring Li
ooring Line
¢ 4 '~ Tensiometer
l ! ]
T 186cm T 326cm 1
SIDE VIEW
Mooring Li
| 186cm | 3260m coring Sine
& T T
o
(=]
8 < L]
=
i DBM
Array-assembly Cable(186cm) ~ Dynamic Cable(372cm) Mooring Line

PLAN VIEW

Fig. 4.9 Configuration of model installation(Case-2)
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Buoy

180°(Wave, Current) » //., « 0°(Wave, Current)
Water depth(30m) o Buoy Chain o Anchor Chain
Mooring Lge—2 (20m)  Rope //’7 Mo;:}'mg Line-1 (70.0m)
/ Anchar (35.0m)
! 110m i 110m !

Fig. 410 Configuration of numerical analysis(Case-1)

Table 4.5 Load Case(Numerical analysis/Model test)

Load Irregular wave Current Water
Description Case | Hs(m) T(sec) Direction v Direction | depth
©) (mn) © | m
LCl | 50/0.12 | 11.0/1.68 0 ; ;
LC2 | 50/0.12 | 11.0/1.68 | 180 ; ;
Case-l Ty 37150/012 | 11.0/1.68 0 1.0/0.15 0 30/07
LC4 | 50/0.12 | 11.0/1.68 | 180 | 1.0/0.15 | 180
LCl | /012 | -/1.68 0 ] ]
LC2 | /012 | -/1.68 180 ; ;
Case2 U3 /012 | -/168 0 -/0.15 0 /0.7
LC4 | /012 | -/1.68 180 _/0.15 180

43 4343 R o)A v

431 243 Case-1

A
heave, pitch &%l w3
g g, a8z AA 2 2
Table 4.6~Table 483 ZTh 7123l Fig. 4.11~Fig. 413 FeRIFAY
A A wastdon, Fig 414-Fig 4372 Felnd A9 AZgh
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Table 4.6 Result of model test and numerical analysis(Surge motion)

Surge E . y
rimen
Description Epeniment Numerical :Eleneri:al
Model test Real scale (m) (%)
(mm) (m)
Max. 93.9 4.04 3.87
LC1 Min. -60.6 -2.61 -4.65 22.1
Amplitude 77.3 3.32 4.26
Max. 148.5 6.39 4.49
LC2 Min. -19.9 -0.86 -4.00 14.8
Amplitude 84.2 3.62 4.25
Max. 109.5 5.23 3.84
LC3 Min. -179.4 -4.34 -4.63 13.0
Amplitude 144.5 4.79 4.24
Max. 126.0 4.49 4.50
LC4 Min. -112.7 -4.87 -4.00 10.1
Amplitude 119.4 4.68 4.25
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Table 4.7 Result of model test and numerical analysis(Heave motion)

Heave q
. Experiment/
. . Experiment . q
Description Numerical numerical
Model test Real scale (m) (%)
(mm) (m)

Max. 86.8 3.73 4.68

LC1 Min. -76.6 -3.29 -4.05 19.7
Amplitude 81.7 3.51 4.37
Max. 55.9 2.40 4.72

LC2 Min. -55.0 -2.37 -3.94 448
Amplitude 55.5 2.39 4.33
Max. 76.3 3.28 4.66

LC3 Min. -68.3 -2.94 -4.04 28.5
Amplitude 72.3 3.11 4.35
Max. 57.3 2.46 4.72

LC4 Min. -69.0 -2.97 -4.00 37.6
Amplitude 63.2 2.72 4.36

Table 4.8 Result of model test and numerical analysis(Pitch motion)

Pitch c
: Experiment/
o Experiment . .
Description Numerical numerical
Model test Real scale (m) (%)
(mm) (m)

Max. 10.77 10.77 7.95

LC1 Min. -5.40 -5.40 -8.08 0.7
Amplitude 8.08 8.08 8.02
Max. 4.25 4.25 7.89

LC2 Min. -14.50 -14.50 -9.09 10.5
Amplitude 9.38 9.38 8.49
Max. 12.71 12.71 7.79

LC3 Min. -8.59 -8.59 -8.17 33.5
Amplitude 10.65 10.65 7.98
Max. 6.13 6.13 7.79

LC4 Min. -13.99 -13.99 -9.09 19.2
Amplitude 10.06 10.06 8.44
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Surge Amplitude{m)

L= B T R L L - BN I«

W Experiment

B Numerical
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Load Case

Fig. 411 Comparison of experiment and numerical(Surge motion)
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7 W Experiment
£
< 6 B Numerical
o
25
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£ 4
= 3 4
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0 i

LC1 LC2 LC3 LC4
Load Case
Fig. 4.12 Comparison of experiment and numerical(Heave motion)
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Fig. 413 Comparison of experiment and numerical(Pitch motion)
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Fig. 4.22 Time history of measured heave response in experiment(LC1)
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Fig. 4.26 Time history of measured heave response in experiment(LC3)
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Table 4.9 Result of model test and numerical analysis(Mooring tension)

Mooring line-1 / Mooring line-2 .
.. : Experiment/
Description Experiment = ical(kN) ical(%)
umerica C
Model test(N) | Real scale(kN) R
LC1 0.731/0.610 56.7/47.2 70.74/64.40 19.8/26.7
LC2 0.606/0.716 47.0/55.5 65.43/70.74 28.2/21.5
LC3 0.779/0.677 60.4/52.5 73.48/61.58 17.8/14.7
LC4 0.695/0.816 53.9/63.2 62.84/73.48 14.2/14.0
120
m Experiment{Mooring Line-1) m Experiment{Mooring Line-2)
100 4+ Numerical{Mooring Line-1) B Numerical(Mooring Line-2) I
'Z:-‘ 80
5 60 -
& 40 -
20 +
0 i
LC1 LC2 LC3 LCa
Load Case

Fig. 4.38 Comparison of experiment and numerical(Mooring tension)
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Fig. 4.48 Time history of tension in numerical analysis(ML-1, LC3)
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Fig. 4.55 Behavior characteristics of dynamic cable

(LC1, Before wave generation)

Fig. 4.56 Behavior characteristics of dynamic cable

(LC1, After wave generation)
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Fig. 4.57 Behavior characteristics of dynamic cable

(LC2, Before wave generation)

Fig. 4.58 Behavior characteristics of dynamic cable

(LC2, After wave generation)
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Fig. 4.59 Behavior characteristics of dynamic cable

(LC3, Before wave and current generation)

Fig. 4.60 Behavior characteristics of dynamic cable

(LC3, After wave and current generation)
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Fig. 4.61 Behavior characteristics of dynamic cable

(LC4, Before wave and current generation)

Wave + Current

Fig. 4.62 Behavior characteristics of dynamic cable

(LC4, After wave and current generation)
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Table 4.10 Result of dynamic cable tension
Description Top Bottom
P Model test(N) | Real scale(kN) | Model test(N) | Real scale(kN)

LC1 0.135 10.4 0.043 3.3

LC2 0.326 25.3 0.034 2.6

LC3 0.173 13.4 0.049 3.8

L4 1.023 79.3 0.131 10.2

100

M Tension on dynamic cable top
80 +—

M Tension on dynamic cable bottom

60

Tension{kM)

40

20

-

LC1 LC2 LC3 LC4
Load Case

Fig. 4.63 Comparison of tension on dynamic cable top and bottom
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Table 5.1 Dimension of mooring System and submerged cable

Configuration Dimension
Buoy g32mm, G2, L=10m,
chain Weight=22.0kg/m(in air), MBL=583kN
Mooring Nylon Z40mm, L=110m, 8-strand multiplait,
Mooring line rope Weight=1.0kg/m(in air), MBL=333.5kN
system Anchor g60mm, G2, L=70m,
chain Weight=79kg/m(in air), MBL=1,940kN
Anchor Fixed
Pre-Tension 20kN
Su}l?}ffegEd Array-assembly cable 245mm, L—SOHI;I/,I ngslg%glil&:ﬁukg/ m(in air),
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. #35mm, L=210m, Weight=2.4kg/m(in air),
Dynamic cable MBL=388 0kN
DBM 27kg(buoyancy)*5EA
Sinker 6.0ton(in seawater)x2EA
e Z
DBM 20m
(Buoyancy 27kg x Sea) Buoy L‘—Y
e
Water Depth \
(47m) Array-assembly Cable
(@45mm, L=85m)
%
\ Sinker / \/ /
(6.0ton in sea water) Dynamic Cable Mooring Line Anchor
(@35mm, L=210m) (Fixed)

Fig. 5.2 Mooring arrangement of Floating Underwater Surveillance System

(Side view)

— .
60m
Anchor Chain(@60mm, L=70m)}——> I— X
X
Nylon Rope(@40mm, L=110m)
Array-assembly O§
Cable Buoy Chain(@32mm, L=10m) g
2 | 183m
Dynamic B
Sinker Cable DBM ?P
Sinker \ \ L l [
o -
| | |
[ 8som | 90m | 80m <
Q
=
L'Ci 183m
c
[11]
ro

Fig. 5.3 Mooring arrangement of Floating Underwater Surveillance System

(Plan view)
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Table 5.2 Environmental condition

Description Env1ron.n.1ental Remark
condition
Hs(m) 9.0 Sea State 7
Wave T(sec) 11.58
Wave spectrum JONSWAP
51.5 10m above the surface
Wind velocity(m/s)
421 2m above the surface
Current velocity(m/s) 0.68
Water depth(m) 47.0
Seabed condition Silt & Sand
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Table 5.3 Result of maximum mooring tension and extreme value

statistics(EVS)
Max. Mooring tension(kN) Tension of anchor(kN)
Seed L/c Line-1 Line-2 Line-1 Line-2
1 89.5 49.7 77.2 34.6
2 73.1 56.5 70.0 449
3 63.8 67.9 58.3 62.3
4 59.0 79.6 48.0 75.3
1,000 5 53.6 77.0 38.7 64.4
6 63.6 84.9 53.1 80.7
7 68.2 69.8 62.6 64.2
8 76.5 58.9 71.5 47.6
Max. Tension 89.5 80.7
Table 5.4 Mooring line safety evaluation
. Safety(Intact)
Mtl)i();;ng Configuration 1;;[(21; Max. T Safety Safety check
) factor (Allow. S.F=1.67)
Buoy chain
(©32mm, G2) 583 6.5 O.K
Line- Nylon rope
12 (©40mm, 85/T) 333.5 89.5 3.7 O.K
Anchor chain
(@60mm, G2) 1,940 21.7 O.K
—|C] e—]C? e—]C3 e—lCl =—]C5 =—lCt =LCT LC8
100
%0 -
z 80 B .
= == \ | i
- e NN
5 6 = e —
E 50 — ::___' B
E 40 B ——
£ 3
§ 20
10
° 0 6 18 48 78 108 120 126 132 138 144 150 156 162 168 174 180 185
Arc Length(m)
Fig. 54 Mooring tension distribution along arc length of Line-1

136 —




—|C] e—]C? e—]C3 e—lCl =—]C5 =—lCt =LCT LC8

100

90
’é 80 == ] —r— =
s 70 . — -
z f —_— - [ e
il 50 | ‘ T- | | T
: sunnnsssSRAREARA
= = I
o —
g 50 — |
prr} —
W —
2 2 e
w
£ 30
o
o
= 20

10

1]

0 6 18 48 78 108 120 126 132 138 144 150 156 162 168 174 180 185
Arc Length(m)

Fig. 5.5 Mooring tension distribution along arc length of Line-2
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Fig. 5.7 Time history of mooring tension for anchor point(Line-2, LC6)
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Table 5.5 Result of cable tension for submerged cable

L/C Dynamic cable(kN) Array-assembly cable(kN)
Node A | Max. | Node B| Max. | Node C | Max. | Node D | Max.

LC-1 6.3 2.0 0.0 0.0

LC-2 7.9 6.3 0.0 0.0

LC-3 8.4 7.2 0.0 0.0

LC-4 8.6 7.3 0.0 0.0

LC-5 6.9 8.6 24 73 0.0 00 0.0 00

LC-6 5.7 0.5 0.0 0.0

LC-7 5.7 0.5 0.0 0.0

LC-8 5.8 0.5 0.0 0.0

Table 5.6 Maximum cable tension and safety evaluation of dynamic cable

Dynamic cable Safety
Max. Safety check
Dia. MBL(kN : Safety factor
Ly tension(kN) ty (Allow. S.F=1.67)
A35mm 388.0 8.6 451 OK
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Fig. 5.8 Cable tension distribution along arc length of dynamic cable
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Side View

Top View

Fig. 5.9 Behavior characteristics of submerged cable(LC1)
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Fig. 5.10 Behavior characteristics of submerged cable(LC2)
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Fig. 5.11 Behavior characteristics of submerged cable(LC3)
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Fig. 5.12 Behavior characteristics of submerged cable(LC4)
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Fig. 5.13 Behavior characteristics of submerged cable(LC5)
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Fig. 5.14 Behavior characteristics of submerged cable(LC6)
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Fig. 5.15 Behavior characteristics of submerged cable(LC7)
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Fig. 5.16 Behavior characteristics of submerged cable(LC8)
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Table 5.7 Environmental condition of site(Geoje-do Ocean Data Buoy)

Description Environmental condition Remark
Installation location Near sea of Geoje Island
Operating time 2018. 8.1~2018. 10.3
Wave Hs:4.2m, T:9.1sec sea state 6

Current velocity 1.15m/s

) ) 17.8m/s(average wind velocity), 22.7m/s
Wind velocity ] ] ] ]

(maximum instantaneous wind velocity)
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Fig. 5.18 Loadout and transportation
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Fig. 5.19 Installation of anchor and mooring line

— 146 —



Fig. 5.20 Submerged cable laying
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Fig. 5.21 Mooring line and submerged cable connection and lifting
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