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Investigation on the Design Wave Forces for Ear-Do Ocean Research Station. I:
Three Dimensional Hydraulic Model Tests
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Abstract ] Korea Ocean Research and Development Institute performed the basic design of the Ear-Do Qcean
Research Station in 1998, The design wave was taken to be the deep water wave which was obtained through
wave hindcasting procedure. Wave forces acting on the structure were calculated by Morison formula utilizing
the stream function theory of 5th. order. In the present swdy, a three dimensional hydraulic mode! testing was
undertaken to investigate the validity of the basic design, measuring wave propagation over the Ear-Do,
horizontal wave forces and air gaps. The measured forces were all compared by the corresponding values
calculated by SACS program based on the design wave. The results showed that in the three deep water wave
directions (SSW, 5, SE) the measured wave forces appeared less than the SACS calculated. But in the NNW
wave direction, the measured forces generally exceeded the calculated values and showed a peculiar pattern very
similar to the case that waves are superimposed by an unidirectional current. It was also found that the measured
air gap underneath the structure appeared less than the values taken in the basic design for all wave directions.

Keywords : Ear-Do, hydraulic model testing, horizontal wave forces, Morson formula, offshore jacket
structures, SACS program, air gap
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Fig, 2. Ear-Do Ocean Research Station,
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Table 1. Design conditions of Ear-Do Ocean Research Station
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Fig, 3. Wave forces and air gap formation by the propagation
of shallow water waves.

o g FxEe FHAAE £ vl Aot =Y
A A FostA nysfel By f4F Fig 39014 X
F Hlg} o] L] FHG3te FHT T3
Ry tge] £ 4 EolAir gap)°lth Air gap
of FHA BEW ko) AETEE FHHLE g
alo] TLEEA ARE FSE F 4 Aok ooz Y
A7)17¢ 28 seggs dolez) gl7] Wil <t
Hlgalg g o83 215k2] Hindeasting? {22 A
RE sHste s @ointn 7id), 7294 A Morison
A7} Swream function 53 T s SACS T2
2YE o188 HAT Ay gapE AASIET

A7) AAARRs dulog EEel ST YTE
Zof] gt Foln], oloi s A G go] Wi
o} 438 FHAE olF= Ak dREH 3 oF 4.5
m) 912 AxEe e Tz HEshs AL §
o}, Tk TRET ANEFAM BiEE vIRT
HBRY H3o] wAE 714l ok FE2E $AlelA
Mol AAl wale FRMuqte] Mo Qs £
2B A3 2HES AgAA FEREY HEE F
A3 AsE 4= Urk. o9} 2 mo] vldy WYL 7
Zo) iEipw AREHZe FEF 45T 5 Yt =
3t HHES ANE) $skd AEElE Morison 42 @]

e

1



’—

BlalElg 20 ot riiiaie) e gE-d st 159

202 skt 25%H AR =20 /sd W
A4 o) datel Fge] 7Pgsic) ¥l 3 Wie
Aot BAEASE i A8d 2gH%e] 2
A2 AAE e, AeEs niFelRe njEx] 2 A
o] HAF 2jo|7} e Aoz AFHIL At e,
olo| FxE vlthEA ohalg b RN B O#
Ht THIE ZAPolE 437) Morisond)e] Al4kAECT A
A5 2 dEo) WA 4= Qi) o9} 2 WY ut
F WL FRE ARTE 3} Air gaplle FEE
E £ itk

ol sj%o] Av|el Lol HA &S o] E
E $A4 woEd A8 e 7] A5EYNE o
olMir 9J7) WEd ¢|& ol2d Frholgk oF3d T
ZBZ drAlehs AL 9¥4ol Jon HAF R
AR B3k B Harl gk B a7E ol
= % AlMel As| dAule] HY HAuE e
2HAHS Falod AN Rz sl TR
MR Hell Mol Mafz)l whd okds FARRICE H3, L&
ol Zashs w3 B air gapE ASI 7IEHA
RellA HAglHe] geldeg dFHA=A] B,
Jolzh 43 ko "ad ARg AFdct <74
sl rREe BORETT TRE A B3l KFE
o] HulAE Bole AlHAA olFo S st
(Dawson, 1983, pp. 282-329) T&e] A &L 534
oz =PElr|2 Pk oFke ol s, &, SE,
S, SSW, NNw2 8jnj, Zupuls FHu9E AHEsht S
k] disids Bitaat A3 Lo ASEe
ztzt SR TE A TR a9 SACSe] AldbEat
ulwFr},

2. R WO o8 I X Airgape] 2N

201 EREEHO e S X HE

sFrrEe] EEEE BHEAE DY d9de] &
gl whe 23 22 Morison 2ol #Jste A
Aok

f= %PWCDDH|H| +p,CryD%, 1
A (oI wsh o 2 kTe) A £Ee)

RS guigith o4t o A7 FEAes #4Y
HA+E o]a)sle] F3] Reynolds 8] ot &,

Table 2. Hydrodynamic coefficients in prototype and model
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Table 3. Maximal horizontal wave forces and moments for model structure (Cp =12, €= 2.0} : SACS

A=)

P

0 10 20 225 30

40 450 50 60 675 70 80 90

A8

FN(N) 988 984 970 967 962
Mg(N-m) 223 223 219 218 221

958 958 958 962 964 963 982 987
214 215 215 217 217 217 223 223

Stream  FN(N) 1161 1160 1154 1151 1120
function™h My(N-m) 321 319 318 318  3.13

1134 1132 1122 1137 1146 1147 11.53 1153

315 315 311 312 316 316 318 3.16

Table 4. Air gap of the model structure (deck level from the
bottom : 53.3 ¢m)
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Fig. 4. Plane layout of Ear-Do model.

Fig. 5. The model of Ear-Do structure.
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Fig. 6. Installation of the Ear-Do model structure.
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Fig. 7. Measurement points of wave height.
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Table 6. Experimental cases (/1 : mean wave height outside the Ear-Do model; ;' mean wave height at the structure position)
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Fig. 9. Photograph of the experiment for NNW direction.
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Table 7. Measured values of air gap in prototype scale
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NNW 64 8.6 11.7
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NNW
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Fig. 12. Comparison of the horizontal wave forces from SACS
and experiment: case (A), (F} & (G), NNW-dir.
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Fig. 13. Comparison of the horizontal wave forces from SACS
and experiment: case (A} & (B), SSW-dir,
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Fig. 14. Comparison of the horizontal wave forces from SACS
and experiment: case (A) & (B), S-dir.
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Fig. 16. Comparison of the horizontal wave forces from SACS
and experiment: case (C) & (D), S-dir.
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Fig. 17. Comparison of the horizontal wave forces from SACS
and experiment; case (E), S-dir.
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