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Field Applicability Analysis of Wave Transmission Coefficient
Formulas for Submerged Structures (1. A System Composed
of Detached Breakwaters and Submerged Breakwaters)
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Abstract : In this study, to evaluate the performance of submerged breakwaters installed in the Yeongrang district
in Sokcho and the Bongpyeong district in Uljin, where large-scale coastal maintenance projects were implemented
for the first time in Korea, continuous wave observations were conducted in front and behind the submerged
breakwaters to calculate the wave transmission coefficient. Furthermore, the field applicability of the empirical
formulas by Takayama et al. (1985) and Lee and Bae (2020), which extended the applicability of the former, was
reviewed. Using the regression equations of the offshore data in the Yeongrang and Bongpyeong districts, the data
were grouped according to wave period and wave height, and the observed values were compared with the results
of the formulas for groups similar to the applicable ranges of the formulas. For the Yeongrang submerged
breakwater, when the incident wave height exceeded 3 m, the wave transmission coefficient by the Takayama et
al. (1985) formula was greater than the observed value, and the opposite was true when it was less than 3 m. For
the Bongpyeong submerged breakwater, regardless of the incident wave height, the wave transmission coefficient
from the Takayama et al. (1985) formula was consistently larger than the observed values, and the transmission
coefficient increased as the wave height decreased. In the results including only data with a relative freeboard of
0.2 to 1.0 and a wave steepness of 0.01 to 0.06, the wave transmission coefficients from the Lee and Bae (2020)
formula increased as the relative crest width decreased, exhibiting the same tendency as the hydraulic experiment
results.

Keywords : formula for wave transmission coefficient, submerged structure, crest height, field measurement,
hydraulic experiment
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R/H, < 1.0, 0.01 < HJ/L, < 0.06, 0.04 < W/L, < 1.5% (EZ 250 m, T4 390 m)E A3 0 H, 20101 =
AAE = Al frolaloF S = Atolell ZAl 371(%=5 Al 100 m, 'F5 17°3F 130 m,
Takayama et al.(1985)¥} Lee and Bae(2020)2] AH4 2 & @S 277F 100 m)E 74 (Table 1, Fig. 1 FZ)8I81
& ARgekE 9 23dollA ApolE Wt AA) sl A 20130l A7 =5 Al 173 Abelell oF 30 m IS
G AR A ZAE e Aol s Llal 2] YAkt F7F ARG, &0 SsHE L] B AT sljlel] A |
Table 1. Informations of submerged structure with wave monitoring systems installed
Region Submerged Width Length Designed Investigated
& structure (m) (m) freeboard (m) freeboard (m)
Yeongrang, South submerged . - ~
Sokeho breakwater? 40 100 D.L.(H0.5 D.L.(H)0.72~1.22
Bongpyeong, South submerged . . _
Uljin breakwater 50 100 D.L.D1.5 D.L.(H)0.82~1.12
38.227 — :
"iﬁ;\b = : wave measurement stations|
e ‘
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Fig. 1. Location map of wave measurement stations around Yeongrang, Sokcho (Red dotted rectangles indicate the location of submerged

breakwaters).
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Fig. 2. Location map of wave measurement stations around Bongpyeong, Uljin (Red dotted rectangles indicate the location of submerged
breakwaters).
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(a) Schematic of submerged breakwater
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(c) Bongpyeong, Uljin

Fig. 3. Cross-section diagrams of submerged breakwaters, (a) Schematic of submerged breakwater, (b) Yeongrang, Sokcho, (c) Bongpyeong,
Uljin.
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Table 2. Basic information of the wave observations at Yeongrang, Sokcho and Bongpyeong, Uljin

. . . Location Water

Area Station Observation periods - -

Latitude Longitude depth (m)

Yeonaran WO 2015.7.1~2016.4.30 38°12728.02"N 128°36'59.73"E 18.5
Sol?chog’ Wi 2015.8.18.~2016.1.27 38°13'01.30"N 128°35'47.50'E 3.7
W2 2015.7.1~2016.4.6 38°13'14.04'N 128°35'55.38'E 14.5
Bongpyeong, WO 2015.7.1~2016.4.30 37°0337.20"N 129°26'00.20"E 18.0
Uljin W1 2015.7.29~2016.4.5 37°02'13.30'N 129°2456.80"E 3.5

CAee} RS e AAIAAELS T A 171(100 m)
9} = == rt %&(Ulj' n County, 2003)%31.01, 0]5-2]
T 279 Wigh 55 aefstel 5 AAI(100 mysk TS 2
= s so] F1E
Oceans and Fisheries, 2008)%|%/TH(Table 1, Fig. 2 3%).
Fig. 3°l= 21(1)# 3)ell AR&-E A2 Aol vhde W
= IASE BA L, 97 AT ES iA2e) w8 A5
== A9 %@_E—% 27y AAeIGit). g A2 B &

A2 108 HEHEEE 2507 AAst] AAE 43t

9o A7 mlEizo]i= D.L(-)0.50 mlth. B3 A
= A= 16 HESRZES @502 st AAE
A o A kol D.L.(91.50 mith =z 3
A FHM.S. LY AR (+)0.195 m, TAH= (+)0.160 m
ATt G AT St WoelA] w5 FA129] Adi7kA] 9] 4
A Agl= oF 2 km, St. W2ollA ZA29] Aw7A| = oF
370 mo]™, B3 A7-9] St. WoollA B A 2] A7k
o] A A= °F 3 kmo]th.

3, = A9 FS A2 AAY 24E f-oua
4.0m, 771 11.07230.0.7 o] o] G ATE 0.17=
ARE T TR BT 20 0R o9kl 15 T7]
6.5% x3& EYatsion o] we] dudgATE 0202

ARE A 58 AT FS 3A L] A A g LL% 2
Jh_ 48 m, 7] 12023t} 12, KAIA(Korea Agency for
Infrastructure Technology Advancement, 2014)°| 4= -3
QFe] =2 Al thal] MSIZARE AAEon g W
= FA2¢} 55 2] S FAlol diaiM = 22 671 g ollA
S o83 A9 wiFEolE ALK DIL.(-)0.95 m
9} D.L.()0.97 m2] Ftghs AAlEtd o, AA G nf
Eiov} A vlFEol 9k 2tol7} vkl 7]k t(Table

x). o7 A3l elA ] mhFzo] A AR % 40 m, 4
Ol 100 me| HEZREER J5% A9 npfzols Hgs

Al B7vske 218 A ko AZkE ) 22 Table 190
AAE A AP 670 8] mhFEo) 7t B AAIgkR]
D.L.(-)0.50 m=t}h £ 0.72 m o] 2 A7 HE =
< 7Fs/dol & A& YERTH

Z(Pohang Regional Office of

0.1.4
01

F
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W2ollA= ==910] Nortek AR Z=53H2] 31337
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slo] ARE FSSIATh AWACS E #59 93Fakal 2
L Nortek AFolA] A 3shs sfexla B2 2 73 Storm64
£ ARgstel A8, AT EN I spHEAR S B 4
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soll= A TR vlE] el /‘OL-OH ™ W] 1k
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Fig. 4. Wave time-series data observed at the Sts. WO~W2 at Yeongrang, Sokcho.
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Fig. 5. Wave time-series data observed at the Sts. W0 and W1 at Bongpyeong, Uljin.
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Table 3. Distribution of significant wave height and significant wave period measured at St. WO in Sokcho area from 2015/08/18 to 2016/01/27

A 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 . Raio
0,
I, (500 ~05 ~10 ~15 ~20 ~25 ~30 ~35 ~40  ~45 ~ (%)
<4 - - - - - - - - - - 0 0.0
46 1,043 262 21 4 - - - - - - 1,330 177
68 1913 1972 475 254 134 35 11 1 - - 4795  64.0
8~10 144 164 172 167 161 76 46 31 19 3 983 131
10~12 32 45 52 17 40 41 44 25 10 2 308 41
12< - 2 1 - 14 24 12 2 6 1 82 1.1
Sum 3,132 2445 721 442 349 176 113 79 35 6 7498  100.0
Ratio (%) 418 326 9.6 5.9 47 23 15 1.1 0.5 0.1  100.0 -

Table 4. Distribution of significant wave height and significant wave period measured at St. W0 in Uljin area from 2015/07/29 to 2016/04/05

Ao 0.5 1.0 1.5 2.0 2.5 3.0 35 40 45 o Raio
0,
I, (50 ~05 ~10 ~15  ~20 ~25 ~30 ~35  ~40  ~45 ~ (%)
<4 - - - - - - - - - - 0 0.0
46 2,139 604 46 4 - - - - - - 2,793 232
68 2,597 3,019 809 234 61 2 2 - - - 6,724 559
8~10 209 356 402 369 343 92 16 24 7 51,823 151
10~12 19 77 60 112 110 90 36 25 13 2 574 48
12< - 2 1 10 12 28 31 19 14 6 123 1.0
Sum 4964 4058 1318 729 526 212 85 68 34 43 12,037 100.0
Ratio (%) 412 337 109 6.1 44 1.8 0.7 0.6 03 04  100.0 -

Table 40 &% &3 Z7-2] St. WO(St. WiellA 9] Ak
9} F71313517] 218l 2015/07/29~2016/04/052] AF&E ARE-)
of| 2] f-eJutarel thall 0.5 m 7+, 18]al foukrel o)
3l 2% 1A o= ks AdAgstka 7 b EERIEe =3
E& AT F29kare] 39 0.5 m ©]et 71H41.2%),
0.5~1.0 m T77H33.7%), 1.0~1.5 m T73H10.9%)°.2 e}
A 9k 1.5 m o3ke] EdE0] 85.9%e] EEk3i o, #-2)ut
F719) A9 4-6% TIH23.2%) 6~8% T7H(55.9%)2) Z‘Ol
79.1%% AA F-AsHAl YEpsttt. $ha, skl Al e fUs
T8 thES olE =9 F29kaL 2.0 m o)) %ﬂrﬂ
I E o, Wsake] F717F s WA QHEEbA|
run up®] Tt} It 5 A9} o] FlEHTErE AA
w31 sfibel] SRt AXE A FEIE FEAIA =4 Al
=3 2SR TFs/do] Avkal & 5 QIth(Mark et
al,, 2013). Table 37} 45 9w Gt g o) A 9=
] St. Wooll M= f2lukar 2.0 m o]4e] slgo] #5717t 5
2t ZF7} 10.1%8} 8.0% WFstleh. sd gk #5717 oA
Bt o]efst o) F Aa Ale] o] A7t Adgs] "ojzl A
¥} B57174e] zpo)7E s8] F 1(2015/08/18~2016/01/272F
2015/07/29~2016/04/05)°1 7]1% 71 0.2 Y7L T,

3.3 ot-F7(9| 3|HEN

Fig. 601 %% 39] St. WO(Fig. 6(a))9} &% 53 9]
St. WO(Fig. 6(b))elA #=54 frolabare} f-0]u57]2] ks
TES TAET BAME o 2 B=w gl 2pE o] AT

(scatterplotF ko] AX HolE ] A dS Ao st
°o}s7] &t olF Hekstr] f18] 9 tojEl Q] Ft A
z—;’;l—% nkgste] Freld 4S8 LOESS 71H
(Cleveland, 1979; Cleveland, 1981; 1988;
Cleveland et al., 1992)2 2835101 ANHA Q] H|o|E| Q] FAE
A AT o] F-AJofli= R B7]A] {stats} 2] loess()
5 ARSIITH(Fig. 62 254 Ad). 53] Hlolg7t 7=
FF7)9k Shar 7F ERellA —r‘ﬂ’ﬂo] HAdA o2 5=
TR HAF A= BB flate], =4 3]0l AFE-E]
= o) A4S 122 AlSelal(degree = 1), 3& % vk}
nEE HhE A7 (span = 1)5F] AAZQ1 SF0] ¢hvtst
A o & R E =S 243tk ¥ volrt B b
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Fig. 6. Scatterplots of significant wave heights versus significant wave periods at Sts. WO (

power law models).

A 2HE 248 434 3]9] Al (empirical coefficients)
olm, AP |21 ARk Fig. 62 2wl 242t 3]
A2 3} FA AlA s

7t gorg A s Ee

ATelME 219 32l Folut
F7] 10.5%2 NZOZ 6.557H] 1324 ZFoldA tfgy=
I EE AFESISITE. Table 5ol X149 M2 W% Group
Y1~Y5, BI~B58] &5 72971 9 -85+ 29t
1) 9 FHASES A3tk L= Takayama et al.(1985)
o] S AGAF 22 o] | el A SRS

H,=18~8.0 m, T); = 9.5~17.0%2] H A}, o]= 7Hd3]

: non-parametric LOESS trends, —: fitted robust

i

abH o9kl 1.8 m, ]3] 9.5% o dR] Tk Ak
25 oo, mebe Sx =] v4 259 23 8%
o] B4 I5 43s] Akt gk, 3 w8 ARl
S/ 2ol Fdhe ARES RS WL T8k
Table 5¢] 7o) %AI8F 01 2.1 ) A|A| % Takayama et
al.(1985)2] st dgAlF A2 9] 218 JL9IR] WIL, < 0.4
S ks IR oEE £ 99 A9 1F Y3-Y5, €
3ol AL 1% B4~-B5E AA|E QT

Fig. 791 Table 59 Group Y13} Bl ZHz} &8k
AREEte] et A= $18l(St. WO) PAFkaLe]]
g8 s duddAFES TASA A vhEiEo] 7t
D.L.(-)0.5 mQl & A2 75 #59 saddATe] 3
kol &l YA 4.5 moll A 0.3~0.4, 3L 2 mollA
0.35~0.55%2, Z12]aL A A FE%0]7F D.L.(9)1.5 me] 2%
A2 79 2l YA 4.5 molA] 0.3~0.35, I3l 2 m
oflA 0.4~0.60% ¢Rtet A= PElE F7}8k3lHt. Fig. 89
i Table 5%] Group Y13} Blol| Z2}7; &3t A5 5S Af
23t -3k Sts. WOl ¢ 318 7 AK(wave steepness)©ll

™

AREE

Table 5. Clustering of observed wave data at Sts. WO in Sokcho and Uljin

Area Group Classification criteria Relative crest width Ratio (%)
Y1 H,>0.63 mand 75 > 6.5 sec 0.13~0.61 393
Yeongrang Y2 H;>1.00 m and 7,5 > 7.5 sec 0.13~0.46 17.8
Sokcho ’ Y3 H,> 138 m and 7,5 > 8.5 sec 0.13~0.35 7.9
Y4 H;>1.75 m and T);5 > 9.5 sec 0.13~0.28 42
Y5 H,>2.13 m and 7T}; > 10.5 sec 0.13~0.23 24
B1 H;>0.59 m and 7,5 > 6.5 sec 0.17~0.76 413
Bongpyeong B2 H;>091 mand 7,5 > 7.5 sec 0.17~0.57 19.8
Uliin > B3 H;>127 m and T); > 8.5 sec 0.17~0.44 10.8
B4 H,>1.66 m and 75 > 9.5 sec 0.17~0.35 53
BS5 H,>?2.08 mand 75 > 10.5 sec 0.17~0.29 2.5
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Fig. 7. Scatterplots of wave transmission coefficients versus significant wave heights at St. W0 of group Y1 and BI1.
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Fig. 8. Scatterplots of wave transmission coefficients versus wave steepness at St. W0 of group Y1 and BI.
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Fig. 9. Scatterplots of wave transmission coefficients versus significant wave heights at Sts. W1 of Sokcho and Uljin, (a) Group Y3, (b)

Group B4.
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Fig. 10. A scatter plot of significant wave heights at stations WO in Figs. 1 and 2 and in front of the submerged breakwater, hindcast using
the SWAN model with JMA-MSM wind fields, (a) Sokcho area, (b) Uljin area.
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Fig. 11. Scatterplots of significant wave heights versus significant wave
periods at St. W2 at Sokcho.
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Fig. 12. Scatterplots of wave transmission coefficients versus relative crest width of south submerged breakwater 2 at Sokcho for wave data
Group Al, (a) Total data, (b) Data satisfying R-/H, = 0.2~1.0 and H/L, = 0.01~0.06.
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