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3D-Numerical Simulation of Wave Pressure Acting on Caisson
and Wave Characteristics near Tip of Composite Breakwater
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Abstract : It has been widely known that the effect of diffracted waves at the tip of composite breakwater with finite
length causes the change of standing wave height along the length of breakwater, the spatial change of wave pres-
sure on caisson, and the occurrence of meandering damage on the different sliding distance in sequence. It is hard to
deal with the spatial change of wave force on trunk of breakwater through the two-dimensional experiment and/or
numerical analysis. In this study, two and three-dimensional numerical techniques with olaFlow model are used to
approach the spatial change of wave force including the impulsive breaking wave pressure applied to trunk of break-
water, the effect of rear region, and the occurrence of diffracted waves at the tip of caisson located on the high
crested rubble mound. In addition, it is thoroughly studied the mean wave height, mean horizontal velocity, and mean
turbulent kinetic energy through the numerical analysis. In conclusion, it is confirmed that the larger wave pressure
occurs at the front wall of caisson around the still water level than the original design conditions when it generates
the shock-crushing wave pressure checked by not two-dimensional analysis, but three-dimensional analysis through
the change of wave pressure applied to the caisson along the length of breakwater.

Keywords : three dimensional-numerical analysis, olaFlow model, composite breakwater, tip, diffracted waves,
impulsive breaking wave pressure, mean horizontal velocity, mean turbulent kinetic energy
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Oryukdo breakwater

Photo 1. Meandering damage of protective breakwaters for Busan Port.
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Fig. 1. An illustrative sketch of wave flume and composite breakwater for numerical analysis.
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Fig. 2. Comparison between simulated and measured water levels.
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Fig. 3. Comparison between simulated and measured excess pore water pressures.
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Fig. 4. lllustrative sketch of 3D-wave tank and 3D-permeable ver-
tical caisson.
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Table 1. Wave gauge positions

Wave gauges x (m) y (m)
w3 9.5 1.00
W4 9.5 3.00
W5 10.0 4.00
w6 11.0 4.50
W7 11.5 3.50
% 12.0 1.50
Table 2. Pressure gauge positions
Wave gauges x (m) y (m) z (m)
Pl 10.50 3.89 0.11
P2 10.50 3.69 0.25
P3 10.89 4.00 0.11
P4 10.69 4.00 0.25
P5 11.00 3.70 0.11
P6 11.00 3.90 0.25




EhAle] Aol AHgshe whtal Ak Tl sdEe

ara et al., 2012) ——IH3VOF(Lara et al., 2012) — olaFlow

Time(s)
(@) Point 3

Time(s)
(c) Point 5

Time(s)

(c) Point 7

2t 33 A5 A Bo) A 185

12
Time(s)

(b) Point 4

Time(s)

(d) Point 6

20
Time(s)

(d) Point 9

Fig. 5. Comparison between simulated and measured water surface elevations.
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Fig. 6. Comparison between simulated and measured wave pressures.

HAIE olaFlowell oJgt =A|aiA Ao} 35 vl HES

Fig. 5v A A3} AAA A= vl wsh Fapd 2 go|et
Al FHAA s UERd Z1 o2, T7le4= IH3VOF
2o 98t Lara et al.(2012)2] 2|39 7% o] 7]
Heol ity 78-S A r i 37} 4X82 T F 7oA
Aol g5 ek 102, 8 o]Fol 5o
SIAFo] v, gke] dheS Jatute]] o5k Zlofar, F=
TP ARlo| A= E 2] virlute] &gt Aol 52} 647
oA o] FoHES TR HoRIAIg S 253 HAR
FE o] s dut 9l wiatate] J3kE FAle whs A=, 64

Wave Pressure(Pa) Wave Pressure(Pa)

Wave Pressure(Pa)

Time(s)

(b) Point 2

Time(s)

(d) Point 4

Time(s)

(d) Point 6

b Bl oJek nbatuke] ol v el TA S Tt
‘dAHoIHAC 2%t a7l 943 T =T EA el
o8 WA} Z42F 43RS A wIAE Aol el e
2 A1 A R O3S 67 7A17 €] 16 ol F e

S
FoBolA oftlo] Afol7} FERRA|RE, AR O & w9
TAE= A oR A, 53] o]ge A7= 3, 4, 5, 94
oAy gelsk 2= 9lal, T3 Lara et al.(2012)2] TH3VOF]
ogt PRI AR RIS A R} g FeA ok A
& 2kS HolA Wk, AA|H 0w A0 BAF gk ER =



Fig. 6& &+ }*é T o)QkA| F=HeA skt Fol st 5
A& dztel AHATE vlwst AC 2 Fig. 59 5L
IH3VOF E4o] 23t Lara et al.(2012)9] X842 2=
718tk 1S A FId Aol Al Aol A Tkt
WHES YR 13} 2439 9= AR 9 Ao FYst gk
< Uehdl= As gR1g = Qlot. st Fapd A o] kA 7}

B9 HA| 2 RE ] 3du 9 diAbke] JEkS FA
of WH= 3~6478 A IhHE- ANk o AHXE 2 A
skl QUAIRE, s olA eF 2ol 3,5, 6459 165
o T E53 HA ol ogk Whatule] Jdkef| o]&| AP
= o] FehAFolA] ekke] ztol7) I L), 1
, AR o R AFAE & APt e AS & 5 Uk
w2bA | olaFlow B2 (Higuera et al., 2018)°1 2|3+ 4=x] 314
A= TR oA o)t ulRH v} 2-gulgke]
Zalgol A AFXE 2 A3sty Qo7 EXHtalA) e} 2
S FATFRERY A8l 2 Ao® )

L4 o et

3. 2dYunIe| =Xloi A1t

1 MY 2| Hi XLt SHHE A Y SR[GHA EAH
% Ate] EaruAlel thgt 3xAulx] W 2xbl e A
= Fig. 700l Wi, o]= AiusAughs fieah] flste]
ko] AP e EH-E 4831 Higuera et al.(2014)%] 73
= zhxslgith. a8 UehE vke) Zo] dASA h=
of x WO F 260m, y WIFORE 170m, 123 17

35me] A7|E e 3R gz Ao
Zo] L, =90 me} AMuke-= o] I =137 me] &4 Lﬁ}xﬂ
7FAA =0, o] wf /|FE L, =33 mE 7HKITt thi
APRREES, SRS v TTP 59 371 955 g;
Alol=o® 247 g E Qlom, 9EF-2 ANkl 9Kt
axge] AgEla, FRES] T BT 129 g
AFE 7P AR PR S 320] 13 m, 3 F ¢=0457 5
4974 D5, =03 m=E TAEUL, o] 2 vha/du] el vis
A& AF= Jensen et al.(2014)°] AP O ZHE] o= 5007}
A=2.07} ALH Ut T EAE T Lem, F5F ¢=

o K o

Hol-ﬁo‘t O 7

Fl>

rlo

=37

Az=0.5m/mesh

Water depth L= o

=20m
g

260m

170m Ax=0.5~1m/mesh
Ay=0.5m/mesh
(a) Layout
< wave maker :12";
2m=x - yom 3qm <
1.6m
20m 2
1\ >
X
PSS — b |
130m  7.6m 72.5m 3.Im

(b) Cross-section

Fig. 7. Definition sketch of composite breakwater.
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Fig. 11. Spatial distribution of mean horizontal velocities over the total layers according to changes of wave height and period.
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Fig. 19. Spatial distribution of non-dimensional maximum horizontal and uplift pressures on the caisson according to the changes of incident
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Fig. 21. Time variation of water level on the front of section S.03 in case of CASE No. 02_H3T10.
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Fig. 22. Time variation of water level on the front of section S.05 in case of CASE No. 03 _H2T15.
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Fig. 23. Time variation of water level on the front of section S.04 in case of CASE No. 04 H3T15.
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