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Study of Stability for Armor Weight of Stand-alone Caisson
at Yongsu Wave Power Plant
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Abstract : The submarine cable for Yongsu wave power plant was cut in 2014 winter. This study investigated the
probability of high-wave occurrence exceeding the 50-year return period and the underestimation of armor unit
weight used to protect the cable. The observation data from KMA buoy and the hindcast wave data were reviewed
to determine the return period of wave height during the winter. In order to investigate the armor unit weight of
cable-protection, we calculated the required weight of armor unit using not only Design Standard for Harbor and
Fishery Port, but also the previous researches for the wave with large incident angle. As a result, it appeared that
the high wave exceeding the 50-year return period did not occur during the winter of 2014 and the armor unit
weight of the cable protection was not sufficient to sustain the obliquely incident wave, which induced the cable

protection failure.

Keywords : composite breakwater, breakwater head, wave force, return period, gabion
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Fig. 1. Location of Yongsu wave power plant and water depth con-
tours

Arm Tie Band + Anchor Bolt
/

Concrete Bag

LI AN
RriY

AY Stone Bag

WL
S
e

T Submarine Cable
EE | Caisson

min Triangular

L] Block
= o Foot protection
= ) ) ] Block

| o e e e v
I57 57

[T [T [T

Fig. 2. Cable-protection using concrete bag and stone bag.
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Table 1. Monthly maximum significant wave heights observed at

Marado Buoy
Date H, (m) H,, (m) T, (sec) dir.
Nov. 12 3.9 6.2 7.1 N
Dec. 16 6.8 9.1 9.1 N
Jan. 1 5.8 8.5 9.1 ENE
Feb. 8 4.5 7.1 8 N
Mar. 10 5.1 8.1 9.1 N

wave height (m)

wave height (m)

wave height (m)

wave height (m)

wave height (m)

Fig. 3. Maximum wave height (solid line) and significant wave
height (dashed line) observed at Marado Buoy.
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line) and observed data from buoy (dashed line) at Marado.
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Fig. 5. Comparison of significant wave heights of hindcast wave
data at Chaguido(solid line) and Marado (dashed line).

Table 2. Comparison of hindcast wave data at Chaguido and obser-
vation data at Marado buoy

Hindcast data Observation data

Month H T H T

: y dir. ° y dir.

(m)  (sec) (m)  (sec)

Nov. 3.8 8.9 NNW 3.9 7.1 N
Dec. 5.9 112 NNW 6.8 9.1 N
Jan. 4.9 8.9 NW 5.8 9.1 ENE
Feb. 4.4 8.9 NW 45 8 N
Mar. 53 10.0 NW 5.1 9.1 N
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Table 3. Significant wave height for return periods at grids of
055137 and 055138

Return H, (N) H, (NNW)
period (yr) 055137 055138 055137 055138
10 6.25 5.96 7.50 7.82
20 6.93 6.44 8.01 8.31
30 7.32 6.70 8.30 8.59
50 7.80 7.02 8.67 8.94
100 8.60 8.02 9.16 9.40
338
3364 Caisson
Hindcast Wave Data 5
3344 055135—> l o
055136 —>»
332 v
055137 —>e
o+«— Marado Buoy
334 055138 —>

T T T T T T T T T T
1256 1258 126 126.2 126.4 126.6 126.8 127 127.2 127.4

Fig. 6. Locations of wave power plant caisson, hindcast data (Cha-
guido), Marado buoy and grid points of design wave height
calculation (2006).

AT SRS Q1A vhekE Fol] 93] 9F Al 43|
A BAlllA AT AAE AREe] $IR)E Fig. 60 =
Alatelth A= FARE 2] S1A]= Aol X 25 oF
1 km B $Jxjo|B = ALl Tt SIXZ 7158 = Q).
vl $=010] AE 055137 453} 055138 A5 <)
N 2Hekat NNW ko] @RI e f-o)ul ¢} Bl wakic,
ol e}h ggFibd selx] Ao fojstart B -9
of] ko] ZH7 NNWe N 1&do]7] wiitol o] 5 mke] o
A AE71ZE F-23k3LE Table 3¢ g 2]3H3Ath.
vl E oA ] ol 52331 6.8 m= N ke thsiA+=
106014 2063 Afo]e] AR Tow | NNWell thaiH = 104
% gkl ekt AT vz el A o
33 5.9 mi= 2E WA A RIE 10 dharRc) wek
t}. &, sjAAlo| Bo] F=3F 2014 1195E] Ao vt
o] ¥ 2015 3€ Alolefli= AlERIE 50 o)/l wt

=
o uEA 9o Ao ualth

ofd

3. K8 S ALt

3.1 QFY BT AL

SEuetelA] sldrEe] AAIC 7o) Hi dnk E o
& A7 @AY, 2014)00 = EAA] AR
Y|5A = 5= Py A E AAAS th9] Hudson 2ol

o8 ALt

o

_ il 1
NS, - 1) o

A7IA, ME A BE= 50 /PYell st AR ), p,
S A B BEO] U (Um’), Hi: PA] AMEE =
al(m), No& T2 3549 G4, AA F8i& 5ol
A QA= M, S AR olu E59] sfirel ofgl v
Folth Y N, A= 74, 5] A, ARR-] FA4,
“ AA AR AT F)el
ME tEER el A3t el e oala 2d3]
A4 dar) glon, A AR disiMe 53,
Takahashi et al.(1990)©] Tanimoto et al.(1982)2] 2]of A}
5 52 553 98k 59 gEks aesto] AAls ot
2E A5 AFSAIA P E A St

il

o

-

N, = max{l.& 1.31;1/3[(£
K M @)
+ I.Sexp[— 1.5%%} B,,;:<0.25
K=K (K,), (3)
T @
(K,), = max{ a,sin’feos’ (2 lcos BIL"), (5)

cos’ Bsin’ (2 dlcos BIL") }

A7IAM, b= 71Z2APR- @5 A2 v 4 (m), K~
7} A7ko &2 QQAKE A9-ell= ok o7FE B S, 97 A
O F QIAbE A= ok o FE e 2] F FellA
(K7t 2 He 3k& Ak, L= 54 helld AAR-e)d
71el gt 3-8 (m), o= Aol 35t 7350 B
TF(= 045011 p= HARE vho] Jaugko] o] F= 7}
ojth, Bt Aol A A FHAEY] EAYE AR o
e fo] W] wiitel s EA)7E 540]7] 4L o]
HO| FEAAZe] ol teir= Tl ES s G A
S-of] A7H- AFe] 1.58) oo R sh= Ao , 7
o]=A o] WakA|Y 75 Al Aol 1] AEE HE
O] BFO R gtk & Aol iR skl Q= &7 It
HldAE o 7] AlolEo R AXE SHFFEO|EE,
Aol HAle) s AFH-= B Aol gha] o)t

Tanimoto et al.(1982)2 U|AZZ 1} o] 20 2 HE HArlu}
20 wf A5 A vietel A HoiiEs vhe) 2ol &
Attt

2
umax = [% (6)
K =K,sin’(27B,,/L") (7)

A7V, H= 5 hellA Q] harolt), Kimura et al.(1994)
AFelA Q] et 458 ik H8liA, WS ks v
I 2ol vkl



482

2
Kot

K
4

®)
71A, = AFHFANAL 5 B ASZA, Kimura et
al. (1994 72 gfol] tjgt 2| R G A A FH 2Ag]
ANAFE 1.0H T "ozl fRelA 9] F5S A /%
Az ZAske] YA g=0°9) 45°]) tiellA =14, =
60°l tialAl =255 AQbsitt 7=1.421 A9 K=
0.22K,°] =™, o] &=t W o] HA|E sz FYUsHA
9k, 7=2.5% A(B=60")°l= K=0.70K,°]™, o= It
gl o]& AA7|E-A el sk ki 3l

ZHEellA] Sk H o] 937 5.9 m(NNW)e] 3L, ©]
o A5 717} 11.2% Q1 A& a#ste], £k 6.0 m,
F71 112°] N 32 NNW 3] atel] dial|A] 2H2} 9] 3
A QPgARS ARKBIGITE. Alolo] FEUEe 7o ®E 4
3] 45° 3]sl A ¥ Z2 ofyn] N T NNW B
3o 22.5° ko] AWk, Kimura et al.(1994)8] A2 7= 2]
317 918l N W3k JAFRE 45° YAFERE, NNW 13 o
AHIHE 60°= H.9XTE. Fig. 79] S xste] S
A hE 1550 m, 71 2ARS] w24 A 14.0 m, B>
9.40 m, I L= 118.64 m=E k3 om, E4H] ASHS
70%% 7Fdske] 1.8¢m’, ZAYE B=2] Wk 23 t/m’
o7 3t}

3.2 OFY B2 AN
(1) N 2k QJafatol] thafi A AIZHE v]EA) ) oy Aaks

-¢‘1Tr;¢-

oY
£

o
5

7] e QS AR thgat g
_ 4zh /LT (47x14)/118.86

- - =0.71
T Smh(27hUL)  smhi(dax 14y11886] O 10

(K,)p = max{ assinzﬂcosz(2 mlcos /L"),
cos’ ﬂsin2(2 mlcos /L") }

{O.45sin245°cos2(27r>< 9.4 x cos45°/1 18.86),}
= max ) )

cos 45°sin" (2% 9.4 x cos45°/118.86)
=0.198

K=K,(K,);=0.710x0.198 = 0.141

1-K h' !1—K!2 h'
= . . — + 1. - 1. —_—
N, max{l 8, 1.3—7 . 1 Sexp[ 1.5 3 H”j}

1 -0.14114.00

_max{l.& 1.3 0121 6.0

2
. I.Sexp[— | s(1=0.141) 14.00}}

0.141'% 6.0
=5.02

FGE ] Aol P AZE vt o] Arteh

__pH 1.8x6.0° _
NS, - 1) 5.02°(1.8/1.03-1)°

ZAYE 259 Aol AT v 2ol Artkdnh

Fig. 7. Cross section of wave power plant caisson.



8% S ARl 59 Alole] 9154 qrga Q- 483

__pH 23%6.0°
NS, - 1) 5.02°(23/1.03 1)

=2.09¢

(2) NNW &k gjapatol] diafia] A7 3)&542] -4
FS 7o) flsk /PG Ak ok 2t

Azl (Arx 14)/118.86

' sinh(27h'/L’)  sinh{(47x 14)/118.86}

=0.710

(K,)p = max{ assinzﬂcosz(z mlcos /L"),
cos’ sin2(2 zlcos /L") }

{0.455in2600cosz(2ﬂx 9.4 x c0s60°/1 18.86),}
- max 2 o 2 o

c0s 60 sin"(27x 9.4 x cos60/118.86)
=0.317

K=K (Ky),=0.710x0.317 = 0.225

B 1-K h' (1-K)’ h'
Nsmax{l.& T 1_gexp[_ LSS I—iﬂ

1 - 0.22514.00
= max{ 1.8, 1 3——=2—=
max{ s 60

(1 —0.225)°14.00
+ 1.86Xp|:— LSWW

=392
EYH Y Aol b AR vt o) Axken

3 3
e P 1.8x6.0 _ 15.45¢

NS, - 1) 3.92°(1.8/1.03 — 1)°

TAE 52| Aol Mg v} o] Ak

0 3
e P B 2.3%6.0 _ 5861

CN(S,— 1) 3.92°(2.3/1.03 - 1)

(3) N & Jafatell thal A Al T 5 9] P&
T8k7] A% P K, =013 =145 2(8)el tidst
o] T3t 2ol Alibe

O

_Kia,? _0.71x045x 1.4

K 1 1 =0.156
1-K h' (1-K) h'
N,=maxq 1.8, 1.3 — + 1.8ex [—1.5 — —-——}
{ K" Hy; P K" Hys }
_ 1-0.15614.00
_max{l.S, 1.3—0.1561/3 0

2
+ 1.8exp| — 1.5£---------—--)-1 — OJS? 14.00
0.156'° 6.0

=4.77

o] 9o gk Thevt ol AaT,

pH 1.8%6.0°
NS, - 1) 4.77°(1.8/1.03 - 1)

=8.57¢t

Ak A= M A P A= 15808 11.02 tE.
o} Zrov g w&EA obyEES 11.02 to]th
Y E E59] 9o oA v} o] Ak

__pH 23%6.0°
NS, - 1) 477°23/1.03-1)

=2.44¢

Akel PYAEF M AR Pkl 1580t 313t
ot oy uiA) AR 3.13 o]t

(4) NNW "k QiAbgte]] tialia] A5 2354 ] g
S T3] Y3k HdE K, =0.713 =255 2](8)°] th
Jste] thaa ol AlxtE

_Ka?_0.71x045x2.5>

K== ; =0.497
1-K h' (1-K) h'
= 8, 1. — + 1. -1 ——
N, max{l 8,13 o0 H,n 1 Sexp[ 1.5 o Hl/3:|
1 — 0.49914.00
= 1.8, 1.3~miiz ey
max{ 51 a9 60

2
4 18exp| 1.50L=0:499)"14.00
0.499'° 6.0

3 3
M= ﬂp,H _ 1.8x6.0 _ 58.85¢

NS, - 1) 2.51%(1.8/1.03 - 1)’

“

ArE g A g M2 AR Qg A gkl 1,588k 22.95 th.
o arg, g8 hg AT 5885 0]},
ZIYE E50] Hfof ePAE2 vh53) o] Aike

__ 23x6.0°
NS, - 1) 251°23/1.03-1)

=16.76¢

A PgA= M2 AR P Aol 1,588k 8,79t
O

3
N o1} NNW miake] sl Alakel Al7kee) Al FHe
%S Table 40 A2laieh. WA 21 6.0m, 571 11

A 242} 2.10802) 534002 STISISITE 28 E B2 7
o= N Wgkate] thal| A Ao} ATl 22 2.09 t
I 3.13t0.% A HhE NNW 2-8kalo]] thefA= 586t



484

Table 4. Required weight for armor unit at breakwater trunk and

head (unit: t)
Wave dir. N NNW
. . Concrete . Concrete
Armor Unit Gabion Block Gabion Block
Trunk 7.35 2.09 15.45 5.86
Head 11.02 3.13 58.85 16.76
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