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Investigation on the Design Wave Forces for Ear-do Ocean Research Station II:
Fluid Force in the Breaking Wave Field
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Abstract {_] Tn the Part 1, the three dimensional model testing with NNW deep water wave direction gave the
results such that the occurrence of breaking waves over the peak of Ear-Do caused very small wave height at the
structure position. But the measured wave forces were rather greater than the calculated forces based on deep
water wave height. Furthenmore, It was also perceived that the time series of the forces looked like comresponding
to the case that waves were superimposed by an unidirectional current. In the present Part II, the current is
presumed to be a flow secondly induced by breaking waves, and an extensive study to clarify the current in a
quantitative sense is performed through numerical analysis and hydraulic experiment. The results showed that a
strong circulation can surely occur in the vicinity of the structure due to radiation stress differentials given by the
breaking waves. It was also recognized that the velocity of the induced current varied with the magnitude of
energy dissipation rate introduced in the numerical analysis. The numerical analysis was tuned adjusting the
dissipation rate so that the calculated wave field could closely match with the experimental results of Part I. The
fluid force (in prototype) for the optimal match showed approximately 2.2% increased over the calculated value
based on the deep water wave height (24.6 m) whereas the force comresponding to the average of the
experimental values showed the increase of about 13.0 %.

Keywords : Ear-Do, radiation stress, wave induced current, breaking waves, mild slope equation, energy
dissipation factor, offshore jacket structure
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Table 2, Summary of wave height and induced velocity at the structural position

Wi - e K3k
B ikl
= Hiy (m) ik U (m/s) @8k 71F)
} Az 0.110
OJ 1
o A=033 0119 N22.5°W 0.425 o
Az 0.079
A=035 0.169 N214owW 0.288 0r, 450, 90°
A=10 0.120 N21.5W 0312 (e, 450, 90°
Ak A=20 0.100 N21.6°W 0.315 (P, 459, 90F
A=30 0.095 N20.8°W 0322 0°, 45°, 90°
A=50 0.090 N213°W 0.329 (p, 450, 90°
A=100 0.987 N19.3W 0332 0r, 450, 90°
20 03¢ (197701 APl Z=(1982)9) 2L 71£A3E HH 3

033
032

— 03l

Hy (m)
U (m/s)

— 030

— 029

.28

120

Fig. 22. Variations of wave height and flow velocity at
structural position.

5. Egh ALt

51 kAR Ao OF

e} 4% 9] o] BY¥HA U= AFaM 4
7 D2 Hele] v Ho| o TS iphe 7IE
o] Morison 2Joll fHElS) §H& gt e
o] vebdlchSarpkaya and I[saacson, 1981, p.129).

F=0.5p Cy, D{U-w)|U—ul+pC,y D’ Du (22)
Phme =37

o7|H, wE F8AL] FHEL JEoIH, u=u, cosd
b= 2miTOITh, Cadh Cus A7 Shash B8] 2g
A et B Algeln et ge Al
Aoz ek 4 Sk

T u, D
UT n,d ty s) 23)

C,.n Cp=funct —_ .
'1er Crpe=func 10n(D D D

&7, K = u,T/DE Keulegan-Carpenter 5-2}0}.
ok o] ik} Sl 299 EknE ASE
£ ZAE] g3 dFE S5 %o =3, DoV rule

g} Bgo| BiFo] JE AN AHE Al
2% Axo] MrYoz AA S| UA ¥} o
Sarpkaya and Isaacson{1981, p. 323 7|&¢] 974
e 2A2 F9 U< 033 K> 202 BolAMs
b 98 el ATEE 4 Qo WA AT &
oiar skl

Table 28] BT} H228 ol3l AV =1&
ape] Bl AMAEOE Usu,= 1, K> 200)Th BAEA
ol
Azdo] 7HgslA] @7] W&ol B 1] A 15l ALE
el w9l A9 ALEL adlE ALedrlE
gt

5.2 o BRSOl of 8 resh Al

Table 2604¢] plareh F-4:akEol thale] sACsE ©|
£l AL mY dEsle FAEE ALEIAT
SACSS] o), ke TR A=, &, O, 22.5°, 45
67.50, o0pE WEAZCE HA FiEEEE NNWo|al
Table 2004 T=E R0l A o] H3FE 1=359 AS
Nz21.3ewoht olgh o] wEke o= 7EAR HEAR
AL 7] 53 449 SldEEFH@ TG,
1999, pp. 118-164)2k2] BITE 23 Aeolu}, 2] =¥
AGede T2E YA #igirme] o1EA 784
=z Agks] & ¢ g7 wE Bl olEks 00900
2] Weuell A 4 7) AAaskd EhEre] <52 7HEE
Thae] HASH S AZIAEN olF A Y
ko] sacs AR ET vl vt Yot o= T
Zgo] xF&, y2o thalel thAe]7] dFo) o)e} T2
7PA wmafe] AL AAZE Table 20042 7t A
Ak, F7)e] PEEE Soprp T 283t



178 #a14

—@— LAMEDA= 035 (2D} —4&  LAMEDA- 50 (D)
= i - LANBDAR (.35 (3D0) i LAMBOAa 10.0 (3D}

00 20 40 6.0 8.0

t{sec}
Fig. 23. Time history of wave force F, for the various value of
A
HE RE 39E By 9t Aol

S KEERS 71FoE v AjAMEte 2 8 A
ole] & 00, 45, 90 MA R HEEH 4 A
% RA8 Fmolv), Mat@ e o8 PRE 2]l
o] Hadl Hals 0l 2] o B LAEQT

Fig. 232 i} fimel 38 00 of o8] A 3ol
e EaEAR et AsEh Fo] A7 Wi B
olEth wksRERe] —Fatt Sl 9Jsle] sy A)
ade| Rl YiEe] S Holm B me) & 15
oA Bl v} e A SEinyade] Aneie o
g},

Eigiggael] M FAHe] WalE daiulel tigt sacs

O 20Hd+ W)
= SACS (peak, Hp = 24.6 m)
@  EXP. (Max. peak)

mevs 3D(Hd +U)
A 2DHD
— == Ave. EXP.
0.0
3 A = 035
25.0 /_ "\
~ P P . - (8]
Z 200 o @ ©
® { x=10 A= 2o
S 1o~ - \---.--....-“, e e
g _—m = T 5'—.\7—. - TR e
S wo—~{ _/ [
z Jx = 50 A= 1.0
50 i
kS & o A Fal
0.0 T I T I T I T I ¥
0.0 200 40.0 60.0 80.0 100.0
Wave direction (Deg.)
Fig. 24. Comparison of wave forces.

CAAP - B4

AR 283 ARt Rl EdBEe] ek 3 Fig
24°]) =451 TadellA 3 DHAYE A= 1.00] sk
HEE TP A BF 9] B guke o)435ke] A
&% HEold, ofet AHERG O Fo) WA =L
& &+ Utk

BRBRERET A=0.3590 AL, ZRTEDT =%
TED)e HAE vlwsla) B o]Se] ware} gk 3k
T O Aolrt glont imhe Ao B3 gre B
ol glvt. AT FHAFIL FksHA Ao 3
o & TS FeHS AR Hold Azt
o] 7% FAHY git o€t 2, 1=20 GD)
e} J8]T 1=5 3Dy A=035 3D)ET} SAZo] &
3] Fout MEe 24 Ao)s Heln gt He
o] AFA GDHA+U)ER 25 SACS Al4Hx(QATH
= AEsht 1=0.350 tigt 29} 3pe] Azks SACS
AR 3 AYPAE YW 2380, A glo] Zrlekes
SACS AluA (@Al Blma 2-3S & 4 Yot 3
% 22,5000 tiste] mE R, A7) BAE TA)ERA
Fig. 258} v} T”ell A e Fig. 24042 Aas
o] it (= 13.0NeH olell tg A he 1.0k A= 16
o At vloel FHiES Fig 225 F=25 H,=
0.105m, U=0314misde & 4 Yot

Table 32 IFiEEE 22.54NNW 23hat st ool
thateq ofe) A ghell sldsle EaelMe] no 2 &
EEl(Table 2 A2y} o]5L offsle] N23 97 £y,
R BEREMPTE) M5 HoFErh E§ SACS ANt
REAAT), Fuotk olel Uig 2 91y 9 ruEg] =
TAF, AMYS FAEIA R Qe B2 4 gellA Fy,
T FyE AEER A ghel F71EA AFe gt
ool Whted AM-& A=0359) ALE AsuEs g5

— -
<
e -
W 15.0
1 - Average of experimental
wave forces
o A A B B B |
0.0 2.0 4.0 6.0 2.0 10.0
A

Fig. 25. Variation of harizontal wave force with respect o the
value of A (wave direction = 22.59).



ool F¥psidutelr ol chgt Betich2] A= 1 179

Table 3.Summary of input data and SACS outputs for the prototype of Ear-Do structure
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