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Abstract — In this study, extreme waves were numerically reproduced using Computational Fluid Dynamics
(CFD), and the impact loads and dynamic responses of a floating body were analyzed. Two types of wave focus-
ing methods—frequency superposition and directional superposition—were employed. The directional focusing
method amplified wave energy by assigning phase differences to regular waves from multiple directions, resulting
in wave heights approximately five times greater than those of incident waves. Under this condition, the floating
body exhibited vertical and pitch motion amplitudes about seven and four times larger, respectively, and experi-
enced impact loads up to five times greater than in regular wave conditions. Frequency-focused waves were classi-
fied into three types—steep, spilling, and plunging—and validated against experimental data. Among them,
plunging waves caused the most severe local impact loads, with peak forces approximately 70 times higher than
those induced by steep waves. This was mainly due to dynamic pressure generated by the overtuming wave front.
The findings from this study provide valuable insights for evaluating the structural safety of floating bodies in
extreme sea states and can serve as a reference for design optimization in offshore applications.
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*Floating Body

Fig. 1. Schematic view of box barge and overset grid.
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Fig. 2. Simulation of impact loads in focused waves.
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Table 1. Cases of mesh status for convergence test

Base size [m] dx [m] dy [m] dz [m] Grid number
155 0.12 0.12 0.06 0.7M
12 0.096 0.096 0.048 1.3M
1.1 0.088 0.088 0.044 1.5M
0.9 0.072 0.072 0.036 24M
SR Ho] opd 418ZF30)E (Dean & Darlymple[1991])l4] Foj=l vt
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Base size (m}
Fig. 3. Results of convergence test.
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Fig. 4. Schematic view of 3-D numerical wave tank.
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Table 2. Mesh condition (Multidirectional focused wave)

Mesh Cond. Principle ol o 2.5m
Grid Number 4.0M
Trimmer E™F
— e R AAVAVAVAVAVAVAYAYAYS
Table 3. Physical condition (Multidirectional focused wave) : G 3
Calculation Cond. Principle o b
Turbulence model Laminar model % % % % % % % %
5 VOF Tisws [set)
BhysicsModsl Free Surface VOF Waves (a) z=2.5m
VOF Wave Damping
Numerical Séheme Convection 2nd order oo 5.0m
Temporal 2nd order
Time step 0.001s E™
Solver type Sub-iteration 5 % 4
i ol
%A}, Table 29} 32 thiEF JEukE Q@] A3 AlEdHe]de] o 4
Az} delg) 8] 2 7L vepdd,

e veie AFTe) §53E Fig 5% 2k Fig 62 54
Z7|25E 3 A W s 247 25m, 50m, 7.5m B
A Ao AZR H30) AALE vehic BB AT A 7.5m
@2 #0 ARIA 7.5 m Doi APyl AAAASS nek
& A2E HE R AT 5 Yk BH AF AR EH
FAzI)2 AP FANR shack of s & st j :
WS, FARR) AP APl WEHoz Y= A8 F
% et
3.4 AIZR0IM Zalo| Hlm HF L . I
FAZRoT ARE e AN BhEg PRHoZ v @) #=1.5m

5] $13 Fig. 7 0] F7H A9 FoH(Lingre(1999) 4 ¥|2 A Fig. 6. Time history of wave elevation.
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Fig. 5. Wave configuration.
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Fig. 7. Comparison of wave elevation.
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A Zct e Al 98 S I A vias] $
3ll Table 49} 2] 37Fx] 279 AlEH0)AE FAs T BE
ZA6A FAZI7E 3% HEuke] s FYU(H =2 em)dt
H, o) o] FUT oA 2] mge] EANF ) wakuie] g3}
o2 A7) Y Aolg vlwslr] o))

EA|2) £50] 3]-8% Case 2, Case 32] 29X Heave, Pitch
% AALE Fig. 8ol VeI ATl EA9 &5 A
Zo| ] A} gpjsly Jsiee AEL i, 83 F
9 AZL g Frt,

ohiek JFa 87 stelxe] FAF oiFt vlartss A3
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Table 4. Simulation cases

Case # 1 2 3
Waves Focused Focused Regular
Body Motion Stationary 2-DOF 2-DOF

Pitch Amplitude [deg]

L L 'S A1 'S A L
16 18 20 22 L L] 28 30
Time [sec]

(b) Pitch motion
Fig. 8. Time history of 2-DOF (Heave & Pitch) motion.
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(b) Pitch motion

Fig. 9. Comparison of 2-DOF (Heave & Pitch) motion results.
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Fig. 10. Comparison of 2-DOF (Heave & Pitch) ROA results.
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wave, Z+&o] A over tumingdt 437} Ao U= plunging
waveZl St} 53] ks SRk AT ST Ed 35
A &8 oplEla AdsHAIE AA FRES BHAA vi¢ 9
@a}ch(Hong and Shin[2007]). 3Vdll EAsh= LRIEQI 3HE=E2 o
Fi ks Bk, olF Alaprt 718 A5 Yol plunging
typed] FE= TR F3hnc} 3% F49E NI 4y
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(a) Steep wave

Fig. 11. Types of frequency focusing waves.

(b) Spilling wave

(c) Plunging wave



164 R R R

Damping Area

7

28.970m j

-
”
~~" Target point

Fig. 12. Schematic view of 2-D numerical wave tank.

Table 5. Mesh condition (2-D Frequency focusing wave)

Mesh Cond. Principle
Grid Number 0.1 M
Mesh Model Lo

TR F29| AT, d7RAE FAZW ), ETAE HEREE
7, S0 v vy HY 202 APRct 4 LS R
AR 29719] Y-S ASEA AR H 15
5 FU7BAEZ diflehs WS o83 ol AAl 23719
22 ZARY] 9131 morphing B deforming 71H-& AR8-5}

Table 6. Physical condition (2-D Frequency focusing wave)

R AgE o2 FAAL AR €9 & e FHE 7RG

3 AlEHe 2710 = AT Tk T30k s A Al
BN P2 FHE v|wdle] Fig. 13 YRSt 3714 F
I FH] Ho)) 9319 Fols BF o 16emo]H, RHAH )
A} 38} A A Aok Aol thadt 2ok 0.2%(steep),
-5.2%(spilling), -5.6%(plunging).

HukE FHEFA] 9= steep waves} 17} 71 ASHA o=
plunging wave®] A= )| A7} DAYsHE= A)E o1¥e] vie- &
ARE 21& 81 & 4= Qlrk. kA9 99 white capol2ta Bl
AL Tukely A= spilling waved] -9, A4 42
AFuEo] ¥R ARET ok wl=A APsh= AL B 4 Qi
ol @A AMSSaL Rli= 312 (Finite Volume Method, FVM)2
ol2)3t AF-E FNkskH= dinkE TdsK: Aol HAIE 77 o
=olct.

4.3 3X1¥ AlEgo1Md =A

35t -3l wet 3 T8l s A2 FF8ES A
Z3}ar A3 39S KRISOONA 388 A8 Anjs} njwgo
ZA A7 gl S AT

Fig. 14= ARE3E A] Al 491 X155 e, o= 23
A& 33 KRISO(Korea Research Institute of Ships and
Ocean Engineering) 2D Flume®] F71& Wt} &, A9 AlE
glo1de] 24, w3 Al AP 2 Algdel A 2 33

Calculation Cond. Principle
Turbulence model k-omega turbulence model
Volume of Fluid
Physics Model
e 2 Free-Surface VOF Waves
VOF Wave Damping
Convection 2nd order
Numerical Scheme
Temporal 2nd order
Time step 0.002s (Courant number = 0.5)
Sol
DIeCiYDe Sub-iteration 10

0z

01

005

Wave elevation (m)

|

Wave elevation (m)

0.05

01 L 1 i 1

Wave elevation (m)

30 32 34 3 38 40
Time (sec)

(a) Steep wave

Fig. 13. Time history of wave elevation.
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(b) Spilling wave
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(c) Plunging wave
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Velocity inlet
—y

Pressure outlet
—b>

17.8m

1
I 3.8m

Fig. 14. A sketch of computational domain.

(a) Grid system

Fig. 15. Numerical model.
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Table 7. Mesh condition (3-D Frequency focusing wave)

Mesh Cond. Principle
Grid Number 1L.OM
Trimmer
Mesh Model Surface remesher
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