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Abstract : In this study, a total of 51 cases of hydraulic model tests has been conducted for various wave conditions
and slope angles of breakwater to develop a stability formula for Rakuna-IV armoring a rubble-mound breakwater.
The stability number of the formula is expressed as a function of relative damage, number of waves, structural slope,
and surf similarity parameter. The stability formula is derived separately for plunging and surging waves, the greater
of which is used. The transitional surf similarity parameter from plunging waves to surging waves is also presented.
Lastly, to explain the stability of Rakuna-IV to the engineers who are familiar with the stability coefficient in the
Hudson formula, the required weight of Rakuna-IV is calculated for varying significant wave height for typical
plunging and surging wave conditions, which is then compared with those of the Hudson formula using several

different stability coefficients.
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Fig. 1. Specification of Rakuna-IV (Use with Table 1).

Table 1. Specification of Rakuna-IV (Use with Fig. 1)
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weight  weight Volu}m ¢ ] ]

(ton) (ton) (m’) H L D a b c e f g i ] k m n
6 6.25 2716 2,112 2,315 2,553 630 658 555 1,008 1277 706 525 1,032 1,176 189 63
8 7.85 3415 2,280 2,499 2,756 680 710 599 1,088 1,378 762 567 1,114 1,269 204 68
12 11.85 5154 2,615 2,866 3,161 780 814 687 1,248 1,581 874 651 1278 1,455 234 78
16 15.89 6.908 2,884 3,160 3,486 860 898 758 1,376 1,743 963 717 1,409 1,605 258 86
20 20.09 8.736 3,118 3,417 3,769 930 971 819 1,488 1,885 1,042 776 1,523 1,735 279 93
25 24.98 10.861 3,353 3,675 4,053 1,000 1,044 881 1,600 2,027 1,120 834 1,638 1,866 300 100
32 32.35 14.065 3,655 4,005 4,418 1,090 1,138 960 1,744 2209 1,221 909 1,785 2,034 327 109
40 40.92 17.792 3,956 4,321 4,783 1,180 1,181 1,039 1,888 2,391 1,322 984 1,933 2,202 354 118
50 49.82 21.661 4225 4614 5,107 1,260 1,261 1,110 2,016 2,554 1,411 1,051 2,064 2351 378 126
64 5992 26055 4,493 4907 5431 1340 1341 1,180 2,144 2,716 1,501 1,118 2,195 2,500 402 134
80 80.74 35.104 4,962 5420 5,999 1,480 1,481 1,304 2,368 2,999 1,658 1,234 2,424 2,762 444 148
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Fig. 2. Sketch of wave flume and experimental setup.
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Fig. 3. Cross-section of breakwater (slope=1:1.5, unit=mm).
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Table 2. Test results

N7
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Case Slope 7. (s) T.(s) H, (m) s, & N, Mo
i ) ; N=1000 N=3000

1 1:4/3 1.10 1.088 0.095 0.051 331 1.92 0.07 0.15
2 1.113 0.087 0.045 3.54 1.76 0.01 0.01
3 1.097 0.089 0.047 3.45 1.80 0.01 0.15
4 1.17 1.181 0.111 0.051 3.33 225 0.15 0.36
5 1.131 0.102 0.051 333 2.06 0.01 0.01
6 1.192 0.115 0.052 3.30 2.33 0.15 0.22
7 1.29 1.176 0.106 0.049 3.39 2.15 0.01 0.15
8 1.131 0.089 0.045 3.56 1.80 0.01 0.01
9 1.572 0.157 0.041 3.73 3.18 0.65 8.63
10 1.42 1.499 0.151 0.043 3.62 3.06 0.44 1.23
11 1.444 0.139 0.043 3.64 2.81 0.22 0.8
12 1.389 0.120 0.040 3.77 243 0.15 0.29
13 1.367 0.103 0.035 4.00 2.09 0.01 0.01
14 2.01 2.035 0.178 0.028 4.53 3.60 7.54 11.02
15 1.987 0.164 0.027 4.61 332 0.22 5.8
16 1.979 0.151 0.025 4.78 3.06 0.07 0.51
17 2.025 0.134 0.021 5.19 2.71 0.07 0.29
18 1:1.5 1.16 1.179 0.124 0.057 2.79 2.51 0.07 0.22
19 1.177 0.121 0.056 2.82 245 0.01 0.01
20 1.128 0.108 0.054 2.86 2.19 0.01 0.01
21 1.29 1.329 0.155 0.056 2.81 3.14 0.22 0.94
22 1.255 0.133 0.054 2.87 2.69 0.07 0.07
23 133 1.378 0.155 0.052 291 3.14 0.29 1.09
24 1.333 0.142 0.051 2.95 2.87 0.22 0.29
25 1.288 0.124 0.048 3.05 2.51 0.22 0.29
26 1.54 1.659 0.205 0.048 3.05 4.15 0.22 0.44
27 1.532 0.152 0.042 327 3.08 0.01 0.22
28 1.476 0.137 0.040 3.32 2.77 0.15 0.29
29 1.490 0.116 0.033 3.64 2.35 0.01 0.01
30 1.94 2.037 0.188 0.029 391 3.81 1.60 4.64
31 2.100 0.172 0.025 422 3.48 0.58 2.18
32 1.944 0.162 0.027 4.02 3.28 0.07 0.29
33 1.895 0.142 0.025 4.19 2.87 0.07 0.15
34 1.743 0.128 0.027 4.06 2.59 0.01 0.01
35 1:2 1.18 1.214 0.113 0.049 2.26 2.29 0.07 0.15
36 1.193 0.102 0.046 233 2.06 0.01 0.01
37 1.134 0.088 0.044 2.39 1.78 0.01 0.01
38 1.46 1.533 0.175 0.048 2.29 3.54 1.96 10.95
39 1.502 0.184 0.052 2.19 3.72 1.74 10.23
40 1.453 0.182 0.055 2.13 3.68 1.52 3.77
41 1.354 0.114 0.040 2.50 231 0.01 0.01
42 1.68 1.762 0.145 0.030 2.89 2.94 0.87 2.83
43 1.729 0.142 0.030 2.87 2.87 1.02 247
44 1.709 0.143 0.031 2.82 2.89 0.15 0.73
45 1.629 0.136 0.033 2.76 2.75 0.15 0.29
46 1.576 0.124 0.032 2.79 2.51 0.07 0.07
47 1.93 2.059 0.174 0.026 3.08 3.52 2.10 5.66
48 2.004 0.160 0.026 3.13 3.24 0.65 1.52
49 1.956 0.149 0.025 3.16 3.02 0.44 1.45
50 1.894 0.132 0.024 3.26 2.67 0.07 0.15
51 1.733 0.121 0.026 3.11 2.45 0.07 0.15
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Fig. 4. Comparison of frequency spectra between Case 43 and 44
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= WA x| elx 9] sl 574 A2 2N TR 202 S
A= 3t 540 th=7] wto|tt. o & 9] Fig. 4%
Case 437} 44¢] ts}o] vlet AR F AJ2HE]= 0.6 m =4 ol A
A= AFERS Hjwst Aot} HMWF 0 2 Case 432] iU
A7} Case 4450+ ] A9, 231 % 16.1cm 2 152 cm=
Aol & BRIt Tev o] ufgto] niet AAL 915 Aujsl &
2@ WA Case 439] 73971 ] W2 | 9pr} dAisto] WhakA|
A= Case 4491 A ] 22 s 2HA ot st &
o] WMASH= A1 1 W T2E Td7t AR 2v|shd,
A= Case 432 J)&l7} Case 442) Tl W}t AR A o}
43241 9] f-%1= Suh and Kang (2012)2] Tetrapod®] <+
A2 R A vlsest WS ARSSISITE. -4 Table
20] AgA e Pre} A A whE AiulslE 7}
F7EE YeR I 1 o E Fig. 5ol YERASATE o714
¥ TV ARES shke] 150 % 1eiglon, 7}
189 Wit F7), T Table 20 AIAEF T o2 SoiA
Fig. 50 YERd obAl 71S) A8 3= Table 20014 1:1.5 AR
T=1.743-2.1 0| 3ldeh= Af5olm, o]5e] Bt F7]=
1.94 s°]t}. Curve-fitting© = -8t 3|34 oA I &7} Ao
U] Al&sE A (N=0), F3l7F ol AT AsE Al
(Ng=0.5), 18] 2L 37} o] 13w AR (N=1.5)°141 2] <F

45 Tkl o]l G =] = surf similarity parameters 7|

+ N = 1000
5 = N = 3000

4
33
2 n
2 2
1
L)
0
1 2 3 4 5

Ns
Fig. 5. Example of damage curve of cotd=1.5 and T,=1.94 s.

= = Rakuna-V(cotB=133)
===~ Rakuna-V(cotd=15)

~— Rakuna-V(cotB=2)

Ns
O N W b 1O N ® WO

A data(cotf=133)

¢ data(cot9=15)

" data(cot9=2)

0 1 2 3 4 5 6 7

Fig. 6. Stability number versus surf similarity parameter in case of
N,=1.5 and N=1000.



186 X744 - o]E]& - Hiroshi Matsushita - 'g-&-7]

SR

Fig. 6= surf similarity parameter®} QFg5=2] IAISE
59 AL ¥R Yehd 7807 10009E 23819
a7} 1.591 Z-9-o]t}. Fig. 69} vt Fejo] 18
Ny(=0, 0.5 2 1.5)2} T}2] 715 M=1000 2 3000)°]
71 Z3tel tigte] 1A B4 el ARSIt Fig.
o] ABEL o]e)dl teksl x3to] AuE o] gl B AT
o HFHor FRu TS UERth o34 9]
F5E Y2 ofgel 7|3kt

o+ F21S Suh and Kang (2012)2] Tetrapodel] th
o2 R B5e) oy dae Fakd W
(H/ADn, &, cot@ @ N,/ JN)S) Z5o = a3t}
Aol 7)o iste] 242t & 7R F T SR
< AlQrsk3ith.

Azke] A Fig. 69 9ol st Surf similarity
para-meter, £+ T-EE0] AR} RS 0] g8l A9t
HE YER)= o] I surf similarity parameter®] ®13}o]]
w2 QFA4=0] ME}E H/AD,=a, & 3 12 AGAl] SH
2 Yepd = itk o714 a=f(Ny/JN)°) 1L, A5 b Fig.
7 K}l vpel o] Atjuls W 1o sie] oA 7HA] &
3 Zztel] tigte] 3)71EAS Fate] Tttt oA et b,

S5 Table 39 AAIFR 0, 71 Hytghe ok —1.020]t}.
tho 2 3] Jg7t Tlalel] wx|E= JEgS JER7] Sl
o] Van der Meer (1987a, 1988), VWRU(2011), Suh and
Kang(2012) 5°] AH @ 2 E Eof AR nje} 2
o] alzazNoo'S/NO'zs"'%g] FeE 7Pdstal S| C R am T
3 Table 49} 2209, N=021 7390l @,2] Hda-> 6.947}
At o)A SFHFAL H/AD,=(a,N,”’IN*>+6.94)E™ 2] &)

o ox N

X

o >

v e
1 e

]

ot H
1 ok

Table 3. Coefficient b, for plunging waves

N, b,(N=1000) b,(N=3000)
0 -0.7616 -0.9175
0.5 -1.879 -0.8487
1.5 -1.167 -0.5320
Table 4. Coefficient a; for plunging waves

N, a;(N=1000) a;(N=3000)
0 7.39 6.48

0.5 8.32 1.03

1.5 8.30 1.02
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Fig. 7. Stability number versus surf similarity parameter for various combinations of number of waves and relative damage for plunging

waves.
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N=1000, No=0
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4
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Fig. 8. Stability number versus surf similarity parameter for various combinations of number of waves, relative damage, and slope angle for surging

waves.

Table 5. Coefficient d, for surging waves

N=1000 N=3000
NS s 2 133 15 2
0 0.5770  0.8100 0.4297 0.5108 0.2650 0.5353
0.5  0.9508 0.8304 0.7188 0.4225 0.5093 0.4563
1.5 0.8950 1.096 1.5090 0.4873 0.8192 0.5876
Table 6. Coefficient ¢, for surging waves

N, ¢4(N=1000) ¢,(N=3000)

0 0.67 0.53

0.5 0.91 0.82

1.5 0.97 0.90

o] HJAD,=cy(cot®)*", c=fIN//N)) BHZ 78 5
ATt Al dis DsE Aol igh ePdrel w5 <l
A5 ARgEe] SRS Bl FRlem Hatgk d=0.71%
ARSI A =N, INP+e, 2 78kl 374 o=
cig T3P Table 67 2o, 93)|7} Ldojur] Al&Fsh= Al
AN=0)IA ¢, Bt ks 8P ¢,=0.6°= LIERE 4= 9]
ol e o 2 o5 ATt 99 22 daks Fall kA
c=2.67= %I},
b HEH 07 A g 3ae vy i)

A—HB’- = max[(l 1,78]% +6.94)§_,"'°2,(2.67]A%+0.6)(cot6)°'” £
2)
8] T2 AFERF UE ¥ Suh and Kang (2012)2] &
213} FA3 FefE B It} Surf similarity parameter”} 5
7hgtel] whet AztellA H71ute] dejz 752 Pt st

staL, 7 gk T & #b= g AvtelA H7]skE WSty
= ol M9 critical surf similarity parametert= 5 3-2]°]

BRLR= Aol Aol groln Tkt gk,

0.58

‘- 11.78N,"°/N** + 6.94
“ L (2.67N,"° /N"® +0.6)(cot0)"""

3

webd], E<, oW Uk AL AL, £2£01W 715t

A Abg e,

Ns (calculated)

+ Present (N=1000)
B Present (N=3000)

15 4 VWRU (2011) (N=1000)
. ® VWRU (2011) (N=3000)
1 2 3 4 5

Ns (measured)
Fig. 9. Comparison of stability number between measurement and
prediction by Eq. (2) for present data and Vietnam Water
Resources University (2011) data.
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Table 7. Different test conditions between present and VWRU
(2011) experiments

Foreshore slope Rubble mound R/D,

. Dy (filter)=1.6~1.8 cm
Present 1:25 De(core)=0.72 cm 6.57
VWRUQ011) 0 (flat bottom) N0 filter layer 8.88

Dj/(core)=2.3 cm

VWRUQ2011)9] A== 2% ZAF 1:1.500 sk 719k =
Aol =3t A3 Aujou}, & oA =3 AFe) 4
S o] gste] AAFE ] B 0.820] XATE B
At A A= A5 9 AR 9] dA] AE=E VERY]
A Willmott(1981)7F AlQkst Z|rolct, A|A)15== 07} 1
AtolellA] ®iglsh=dl, 0ol 7= At g} #52]7} g
2 ket B 5= 9lom, 1ol 7eE B5A) 9 AL

7F AT 2 5 Qe

SHH, VWRUQ2011)S] AF5E E3IAA Akl LAA5
7 0772 Z=aH], ©lE Fig 9M B 4 QR
VWRU #izel] disto] & dpold 73k QFg32jo] obg<r
= HAbdab] wieltt. 4 (2)9] g eajel eHdE 3t
A dths e wde Az @, 771, %2 e

9 2= AAhel dieto] Aeialal(Vy 7t Arhs 2le o]
stet. oo digt o5 Lotrr] HlaliA & A3} VWRU
A e] ZFo]HE Table 701 g Elstlth. o] oA Rz
IpA| o] whEsgololtt, B g wietel A A VWRU A
< broken wave 2711 W 2 232 breaking wave =
o]EE VWRU A eA a7} 22 Zlo|t}h vl 3
Blol A xfo] & Hol=H], FEIFe] §lar F1o] 419] =7
7} & VWRU Ageo] vkt F4do] A7) wiie] 9135
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Fig. 11. Relation between required weight and significant wave height.
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Fig. 10. Comparison of present stability formula against present and Vietnam Water Resources Univercity (2011) data: Plunging wave formula (left);

Surging wave formula (right).
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