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Table 19} Zt <] Foll A 3mol A H & #9) sl &
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HawggozRe e #AA HFog SHHYG E
T 4o A Ao st EEHAE 7] H A A
7 535 s87R & S FH Yol v A
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ALAE AL S A TEHA =GRz 2
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=

Table 1. Averages and standard deviations of principal wave directions

8], %13 5338 58744 =, Fahapo] sjetule) a3}
0|2 7] Am BEVAE 74, AaIAY H1
Aol QoM shaFe) GaFol FaE Aoloh

4.6 H

= K

o] ol AE, B AT Aot M A7 At
HAE FHA RF TS YEhi7 2 @t 1)
% Kweon et al.(1997)5. 0] 74 & AP & A}
A ot E AN F AR, 7)o M e
aatA| R safe) G vetdr)dl FE geX
AtES nejshr| 2 B B4 oz AL HE AN
Z& ohgoh ok

{unit: degrees)

Number of occurrence ( Hy >3m) Average
Loca Average (ap )0
“tio @,)o (cew from T@p
No MW N ME  NE ENE B BSE ,i;w from :’l“”e'“"”‘

direction)

53 3 102 104 46 5 40.5 49.5 18.2
54 7 30 126 48 5 42.0 43.0 18.1
55 6 87 121 41 6 41.0 49.0 18.1
56 8 59 133 37 3 42.0 48.0 16.9
58 4 66 154 33 2 1 42.1 47.9 15.8
59 8 43 148 29 1 42.3 17.7 15.2
61 3 7 51 143 32 1 41.0 19.0 17.0
62 3 16 134 50 1 48.3 11.7 13.9
63 2 10 137 48 2 1 49.6 10.4 13.7
64 3 8 113 36 2 1 49.0 11.0 14.5
65 3 58 51 2 1 55.8 4.2 14.0
66 2 37 39 6 1 58.8 1.2 15.9
67 2 2 32 3 1 66.9 -6.9 14.7

k=20, 4=223, B=4.78 ¢ WeilbullZ¥7}
Aesing SXNEE2 AALEHUT. 0l B¢ AT
717} 501 A8 AAFILE 9.2mE Foi 2T}, A3
HHAALE 00322 gAstrha 7H 51 o] of) 43
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3t} g5 BE AN oA 100022 Fho)
Z92E 1.0m2 7HAR gk A ANE 1/502 1110
< A g3t .
T4 LWLYE M, 7,9, 11, 13, 15,17, 19, 21m ] &}
o ZALEITE & F4dA e dASIE 2YE
LWL} HWL Ato] & WSAI7]H A Hy =9.2m<l A
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100022 3te 4Wadstg Adstq 2 Anrt
Goda(1975)9] 283 A2 dX L Byt B A
TFoME o7 HPE ALY A8t Kweon e
al(1997)8) 28 & o] 83ko] T3t Tetrapodse 71ti
3] 8] = & Hanzawa et al.(1996)2] 2 2}e} v w3} AT}
oFHY Yo At uRdtng F RYE o] &
7 Az & Aol & JEWA &S 48
4ol 5t ¥y ALty 844 S Yehll & gt
UEl =  Hanzawa e al(1996)% vlE7x]| 2
ay,, ==0.13, yy,,, =0.09& o] &3 ch.

2k 2] =4l A8 Al 3319 Tetrapods®] A 7|
2 Table 20 YEF AT F @& tA 2 6l 4
AP} 11109 W& Hanzawa et al.(1996)2] ghE v} k3t
A AREHQAR D, v A ALY 17509 A S0l = oF
HFAA AR ol AL EE Sy 23 o] o}
27] Wy &olt} Fig. 32 747t FAloA £ A79
Hanzawa et a/(1996)9] 7|t} 9] 3] =& v & Zlojc}.
T 2 I3 ok7he) 2o 7} A RE A A A QY A L of
BRZ ¥ AL L F Ut
Hanzawa er al.(1996)2 33 ¥ 8 o] # 2 (bias)E
ay,, = -0.13 2 3}l o). 81 %] 2 Takayama and Ikeda

(1993)ell W2 Goda(1975) L8 & o] &dt: ol 2
o] A} A 9] (bias)x= 2l T ol vt —0.06%, # t) 3}
2ol A= 0138 AHE AT A A o) H A
ol freftnzt ol g2 qf  =-0.068 o] &
3k 2ol &2l A Y Aolth Fig. 4= oy =-0.133%
ay,,, =—0.06 & AN & vjo} AaE v Aol

(Aol e AL Zdzhe] vhetRAtel viste] g
A, JHAEE @y =-006 7} ay  =-0139

Wk Ao} o) kS AT

4.2, TEel HEHo A HE

£ A7 I3 FHL A20EF9 7y
A =g Tt YolA  Goda(1975)E &l &
ZFEA L vae) wEAe HFE 2Ale:
Hojtt ol BH o2 H ol Foj| A& Table 35} o]
67}4] 73 ol thal A Alatkg 35k o}

Case 12 Goda(1975)2] =83} Zo] 2zZtozg
Yrtste dwak #E el Rolth Case 2= W
w¥ o JYg TS Aolgh g B ¥ vetvlg
Soa = 2001 o] 8ERUTE ol Aldl w3 AHAL
0.03% o & Fst= gto] cth(Goda, 2000, p. 35). Case
32 #itMY FHGFg gEle 2009 4EZ
H 253 dAlste o gdE Jeld oz A
22 40 Gt T3 Ao}

Table 2. Design wave heights and masses of Tetrapods

Seabed Water Design Mass of
slope depth wave height Tetrapods
(m) (m) (tf)
7 8.97 78.4
9 9.82 103.0
11 10.48 124.8
1/10 13 10.79 136.6
15 10.33 119.8
17 9.88 104.8
19 9.58 95.5
21 9.36 89.3
Seabed Water Desigp Mass of
slope depth wave height Tetrapods
(m) (m) (tf)
7 5.03 13.9
9 6.22 26.2
11 7.32 42.7
1/50 13 8.29 62,1
15 9.08 81.4
17 9.59 95.9
19 9.58 95.5
21 9.37 89.3

Expaxted Value of Ng

82 ——@—— Siope Y10 (Present model)
——€—— Stope /50 {Present model)
- - @- - Blope 110 (Hanzawa, 1996)
-~ - ©— - Siope /50 (Harzawa, 1996}

PRSI0 R B 4, !
7 9 11 13 15 ” 19 2
Depth (m}

Fig.3. Comparison of expected damage level between present
model and Hanzawa et al.’s (1996) model.

Case 4= Fu13kol MEA & Q8§ AAletr] 9
BEoltt (@,)og =0°F 0y ), =15 ©] AHEHA
%ol B4 ay, =006 %y, =0.090] AHES
Atk 2 Case 2 A A 474 A = Goda(1975) 23 ol
M FAEH 283 gz gREHe a5t
Aot 2d 22, 8o (bias)E £ 3] —0.068.c} 2o}
of g,
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- - @- ~ Alpha_H1/3=-0.13 (Slops 1/10)
~ ~ ©- - Apna_K13=-013 (Slope 1#50)
——@—— Alpha_M1/3=-006 (Siope 1/10)
——O—— Alpha_H1/3 =-006 (Siope 1750 )

Expected Value of A

Depth{m)
Fig. 4. Comparison of expected damage level Between
oy, =013and @), =-0.06.

Table 3. Test conditions

Case (@p)oa ORI

No. max (deg.) (deg.) sy
1 1000 0 0 -0.06
2 20 0 0 -0.06
3 1000 20 0 -0.06
4 1000 0 15 -0.06
5 20 20 15 0.0
6 20 48 17 0.0

g 0044 ZHolth. ey depy olx =3
FAEA 7] gFo] —0.060] oFFH FF flo|
A2 At} Case 55 Case 2004 4712 R Ao =
nHAD Gy HFELAE 25 ned
Case 62 Fig. 20 23 53%E 587+ 9
vehl o olck(Table 1 #3E). Case § 96 ol A
oo MEAHe XEHAT 2YEe g
AbstE ol glol A B o)(bias)= AHEEIX e 5
ay,, =00 22 Atk 2y AL 2 F/E
Ad3 EAFER y, =009 & Fd B}
Zo

Fig. 5% spa 7 10007} 209 ™, 2+ =4 oA o)
Dol WEE Holx ot AFUE HY X E
e wo nst Rl fupc 2 A& ¢
ok 2z ulg gAY 1509 o, AEl 2 g s
Ao &ol7t gl o] AL AR HALE A=
vk PSR ek Bxo] axst Aletz] 7

Y
©

(o]

N
)

az

o8 H

M wo [t o

o}
X
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Fig. 62 Case 1% 29 A%, & F4AA49 71d
HHEE H2F Aot} Fig 5A4 & F AS0],
WAL e 98] gHgsirdg sary
o0 Case2 W9} 7l W E7} Case 19 W9
Azr o} ZA AL A Fig. 5ol A stz e) o)zt
HHZ d5E FolARo] F 73§ 7|y fHf
o] = g4 o] ol A5 2ol A T}

2T =

@ Smax=1000, Slope=1/10
—-——— Smex=20, Skpe=1410

——d—— Smex=1000, Siopea150
—Ar—— Smax=20, Skpe=150

L

Wave Height Ratio, H 1M o'

o
-
|

I T I

] a

‘Relahve Wate:Dsptn, dHg' :
Fig. 5. Comparison of wave height variation with water
depth between unidirectional wave with

(8max = 1000) and directional waves( S,,,,, = 20).

max

Expected Value of Ng

T T T

T

T

P B

| S
19 2

" 7

Beptnim)
Fig. 6. Change of expected damage level due to
effect of directional spreading.

Fig. 7& Case 13} 32 ¥ 3 Aot} SH9 g2
2 93ty uj 2538 QYA B sus Ao
2 gl s fur o A AAdE o 18
B2 Case 39 W3 Case 19 750 v}t o)
Fig. 82 Case 13} 4& vl gk Aolth o] Qo= 2



el 9oz 98l Case 49 W) == Case 120} &
A A= A

Fig. 9% Case 13} 5& ]2 2 o] t}. Cases 2-¥] 47}
9] 399t A, Case 59 71t HHEE uped
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Fig. 7. Change of expected damage level due to
effect of wave refraction.
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Fig. 10. Same as Fig. 9, but for use of field
data at locations 53 to 58 in Fig. 2.
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