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Estimation of Erosion Damage of Armor Units of Rubble Mound Breakwaters
Attacked by Typhoons
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Abstract : Although the rubble mound breakwaters in Korea have been damaged by typhoons almost every year,
quantification of erosion of armor block have seldomly been made. In this paper, the damage of armor units is
standardized by the relative damage. In the case where the number of damaged units is reported, it is divided by the
total number of units to calculate the relative damage. In the case where the rehabilitation cost is reported, the
relative damage is calculated by using its relationship with the present value of the past rehabilitation cost. The
relative damage is shown to have strong correlations with the typhoon parameters such as nearest central air pressure
and maximum wind speed at each site. On the other hand, the existing numerical methods for calculating the
cumulative damage are compared with hydraulic model tests. The method of Melby and Kobayashi (1998) is shown
to give a reasonable result, and it is used to calculate the relative damage, which is compared with the measured
damage. A good agreement is shown for the East Breakwater of Yeosu Harbor, while poor agreement is shown for
other breakwaters. The poor agreement may be because waves of larger height than the design height occurred due
to strong typhoons associated with climate change so that the relative damage increased during the last several
decades.

Keywords : Rubble mound breakwater, Relative damage, Quantification, Accumulating damage

LM B 3 ol 254 d7H(1976~2000) WS =& al AlA

=9] ARl E 7R A Bl o5t uls)7t

= B T Rm HFel QJal AEH R FsiE flar 88.1%% Tft-& x| gitt. Aol e BEe] s 7P
o o] Tlsh= 9] ZAER] WakAlel HEE 1 ik = o] vh= el Aol HFA o x Fs)7t gt
ul ek} Agtake] WakAl= it 2000 o] el Al wpebs] 2 Aol A= Falish A1) WHAlE FHOE |
H2lom 1 F FAAR] WA= 70.4%, EAARE 21.6%, 71 ol & Tetrapod®] T &lE A akarat srh. s Ak
31 AuE-E9 A7} 8%olth. 53] AAR] WhukA| o] )k (2006)= ‘FalQE =[x EF-ell FHoksh WukAle] gt 5
Az WA Aol mE AREHES 18T W 59.1%7t AR FAAFES Fste] B ks I &
Tetrapod© |t 34.2%7} AP 02 o} QU@ k=Ak, 2001). 8] 2003 B3 «ufju]ro] o]k Fajjok %o o] whula)] v

gt etw 71437 3 8- (Corresponding author : Seung-Woo Kim, Department of Civil and Environmental Engineering, Seoul
National University, Seoul 151-744, Korea, esfpknu7@snu.ac.kr)

295



296 A

7t A EAste] I8 Bt 9l 27 ]kl st At X
Y] ATHFAA YN STA, 2004). ]2} o] gl 23
| RESE = kA FJEiE Eol7] el TlElel oigk 4
F2AQ #= 2571 Qs

SEAIRE B o]l &gk WukA] deE A o2 AAIgE AF
g7k A2 glom g 9ol 57 1]E 5= FEElo] 9l
I LA S AR al] AFERE gl A9 ATkEiF
TR, 2006). % Aol = R8-S AdidE R st
sh= WS ARSI o714 ZdielslE FelE S 5
ALl NFE AA HEA L FE vhe gholth B 8]&-
¥} F3)] Aol digt Ak Qs A-f-ols AAR] WatkA| €
#4474 Burcharth and Sorensen(2005)¢] #|QF3t -
B8 22 o 2 5 E AdFsiE ARkt 5% Ay
alE FRIES Ao} vlwet] fleliA Al 4 I8
A 5] o] ettt 4 Il AAE WH-2 Melby
and Kobayashi(1998) ®51 3} Hanzawa et al.(1996) ® 9]
Qom SA= AAEG AAIE T oul o) 2 HHEE 4t
AT (A -7, 2003). R C] ATl AFESE AbR = FA
Agre] e AR AR AR, 2004)0] T A
oo d Holf29kare] gt Td H o2l 9t
I REZZEEE A2 AREEke] A JEf A e HES
gt Ak 71t gs) el AA Bt JsiE s
Al F2E A FArle] AT} f-oluta 2 E A

shet.

=

do o

2. L|=xff mloff2]

FFl

==}

2.1 CHab 2ot

19761155 20057FA] =] 3t G225l IjllE & H
T2 247101 71 F 1985 d ] A Bl <“H. Tk, 2002
W e <FAP, 18] a1 2003\ B <ufju] el o]&l 4zt
S JATE HIF2 B2 9ol Falite] At R
ejE FUTE 2 A7) S 8712 BiFell el J
A &S A3 defete] 77 dutol), Foake Akl
&, AT, o, 283 Ao, ke FARR, A
F 28 AL St th(Fig. 1), B8-S Al9shd 5% 3
ol FaE A st Ivtsolr iy-Ee] v gt
9] Q) ZAIAE Rl WrubA| ol A BAYSF THE F AT, 2006).

Jo

22 Doz o| EES}

A WA 9] Blalis F= g5l s on 8
Fel= F4 gl ojo] tiF-olrt. S|Pk (2006)=
aliqkel 77 @ute] WukA] Sl ARlE 44 Bl ARSI st
ARk TS AR -2 vl 5t vlgat sl Agew A
2 E I A= A L] ol TR ERAITE. Y57
9] TSRS A o= APgaol st ol AmnE 7}
A1 el Bl drielslE Alrkehs 2le eAE vt o

L

36°N

. @GeOmUAdD. .,

: IJE"U Seongsanpo

S S D N——

3[’1?4 E 126°E 126°E 130°E 132°

Fig. 1. Location map of severely damaged harbors (I Trade
harbors, @ Coastal harbors).

2P 2 el = AlshE AR
o= J3lE mEsetaal ket =]
Ak A ofg s dar JE B v ol &
9 m 3 &) A, NyE AR

3%
o >
o3
=R
7
O
g
2
SR
= o
ok

Np(EA/m) = ]—]\i—T 1)

714 12 oA Fa) ), N eI 2] 1A 33
Aolth. N2 BEUREO] v|BA) A N(=EAm)E
HFEW A ele), D TRt o] AtE.

N,

D= ﬁ[,) @)
AAZ WA 2] T o wheh thE A5 S kAk
(2006)8} -84 (1992)Q] EFHATEE V|F=07 J5) 2}
25 At 53], dledubgol AlwEs ARA
EFYRE AMESt] NE ARSI AA| g 1ol A
AsH o ylaizh whgst F1to] glon) B ltela AHY

i

i) sl = Ftgkoltt.

WakA] g8) A7 B 8le-S dar Qe Aol 3
9] B+ 08-S dAl| 71X 2 gHkekar Burcharth and Sorensen
(2005)9] %7 818 RS ALgste] AiolalE el
o, FpA o] g u]8-2- v Aol ol dA7AE AXE
.

Co= 3 (141C, 3)
n=1



el 23t Ak WukAl o] vl 344 dal A 297

Table 1. Various real interest rates

Author Kim et al. (2002) Kweon (2004) Suh et al. (2007) Average

Table 2. Initial construction costs depending on the weight of Tet-
rapod (unit: 1,000 won/m’)(Z-A1, 2010)

r 0.045 0.046 0.037 0.04
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Table 3. Relative damage of Tetrapod, repair costs and design wave heights (unit: 1 million won)

Harbor/Breakwater ~ Name Year C, Cy (i) (113\7 g) g:; H,/H, \Ygﬁ? t Dag;z;tged da}?nezgewg))
South Busan/East ~ AGNES 1981 73.8 2045 59.0 - 4 1.75 12.5 head trunk 0.142
South Busan/West IRVING 1979 270.7 811.7 289.0 - 5 1.40 12.5 trunk 0.127
BRENDA 1985 28.6 679  100.0 - 5 1.10 12.5 head 0.031
New Busan/East ~ MAEMI 2003 1238 1448 - - 5.5 1.35 32.0 head (A-A) 0.490
Jangseungpo/East ~MAEMI 2003 - - 116 300 3.40 - 8.0 head 0.507
Yeosuw/East MAEMI 2003  701.0 820.1 240.0 - 6.01 - 12.5 trunk (head) 0.082
Yeosu/West FAYE 1995 103.0 1649 106.0 - 4.00 1.38 10.0 trunk 0.088
THELMA 1987 37.0 81.1 95.0 - 470 1.28 12.5 0.029
YANI 1998 56.0  79.71 37.0 - 470 - 12.5 0.073
CGeomundo/Bast —pisa 2002 1600 1947 400 - 470 - 125 head munk, e
MAEMI 2003 147.0 1720  60.0 - 4.70 - 12.5 0.097
Geomundo/North RUSA 2002 14.0 17.0 23.0 - 2.80 - 5.0 head 0.037
MAEMI 2003 2453 2653  70.0 - 2.80 - 5.0 head trunk 0.191
Jeju/Bridge MAEMI 2003 - 46.0 20.0 - 5.80 - 32.0 head 0.055
Jeju/West RUSA 2002 - - 113.0 127 6.30 - 32.0 head 0.130
Seongsanpo/East OLIWA 1997 71.0 1051 1140 - 6.50 1.08 25.0 trunk 0.022
RUSA 2002 - - 114.0 62 6.50 - 25 trunk 0.082
Table 4. Typhoon parameters for each breakwater
Parameters of typhoon
Harbor/Breakwater Name Year Nearest central pressure (hPa) Nearest max. wind speed (m/s)
South Busan/East AGNES 1981 985 20.62
IRVING 1979 975 20.62
South Busan/West BRENDA 1985 990 30.94
New Busan/East MAEMI 2003 955 38.55
Jangseungpo/East MAEMI 2003 955 38.55
Yeosu/East MAEMI 2003 955 38.55
Yeosu/West FAYE 1995 960 33.41
THELMA 1987 970 38.67
YANI 1998 975 28.27
Geomundo/East RUSA 2002 960 35.98
MAEMI 2003 945 41.12
RUSA 2002 960 35.98
Geomundo/North MAEMI 2003 945 41.12
Jeju/Bridge MAEMI 2003 935 46.26
Jeju/West RUSA 2002 960 35.98
Seongsanpo/East OLIWA 1997 965 35.98
RUSA 2002 960 35.98
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Fig. 5. Wave measurement stations near Busan new port.

Table 5. Significant wave heights and wave periods measured at
DW in Fig. 5 during typhoon MAEMI

Time (mmddhh) H(m) T,(m) N,
091217 3.96 17.19 241
091218 4.40 16.53 250
091219 5.85 17.00 244
091220 7.41 16.76 247
091221 7.77 16.95 244
091222 7.38 17.05 243
091223 435 14.16 292
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Fig. 6. Accumulated damage level N, during typhoon MAEMI.

Table 6. Comparison of damage level between numerical methods
and experimental result

Item Melby and Kobayashi ~ Hanzawa et al. ~ Experimental
(1998) method (1996) method result
Ny 0.23 0.36 -
D (%) 2.5 2.9 13

Table 7. Damage levels and relative damage according to limit
states (Burcharth and Sorensen, 2005)

Damage level Noi i D (relative damage)
Initial 0.3 2%
Serviceability 0.5 5%
Repairable 1.5 15%
Ultimate 2.1 30%
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D =0.018¢ (=0.95) (12)
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Table 8. Statistical characteristics of design variables for van der Meer(1988) formula
Variable Mean Standard deviation Coefficient of variation Distribution
A, 1.00 0.100 0.10 Normal
A 1.233 0.047 0.038 Normal
D,(m) various various 0.01 Normal
N, 1000 250 0.25 Normal
Som 0.04 0.01 0.25 Normal
H(m) k, A were calculated from Kim and Suh (2009) Gumbel
Table 9. Expected damage levels of trunk section using various methods
Gumbel dist. N,
Harbor/Breakwater ~ W(ton) cot & Dallnage part I-year distribution T-year
in real k A Melby and Hanzawa et al. distebution
Kobayashi (1998) (1996)
South Busan/East 12.5 2 head trunk 1.720 1.725 0.105 0.140 0.133
South Busan/West 12.5 1.5 trunk 1.376 2.157 0.348 0.459 0.278
New Busan/East 25.0 1.5 head (trunk) 1.251 2.372 0.294 0.424 0.380
Yeosu/East 12.5 1.5 trunk (head) 1.639 3.623 1.257 2.151 1.303
Yeosu/West 10.0 1.33 trunk 2.463 2411 0.309 0.443 0.341
Geomundo/East 12.5 1.5 trunk (head) 1.960 2.704 0.373 0.597 0.442
Geomundo/North 5.0 1.5 head trunk 3.290 1.611 0.116 0.150 0.153
Seongsanpo/East 25.0 1.5 trunk 1.529 3.941 0.583 0.948 0.601
25 A 2 T Akshae] EF5e) Azl 2 Qe
O Hanzawa et al. (1996) method . = = _
. [o Melby and Kobayashi (1998) method] ANk 71t S =7} 0.55 %38 W) Hanzawa et al. *7]>
2 U] 7 mpe] vl A1 65% o1 F #he AP st o
é 9} o] T 74 13| BHollA Melby and Kobayashi %5 ©]
= 4
2 Hot e els molth
2 15—
©
7 0 U
g 4. D)= TsHel Hlm
]_
2 17
R 280 A5 S8 Akl EEsIA L 38elA] ATk
= 05 ° of sl thel A E FASIGh B Bel e A
] of Fgtete] U529} 2] K| AIE Table 10014 H]1L
0 staltt. 7Pl =2 APg el x| Re] Avls A (12)F AF
T T I T T I T

0 0.5

N, using 1-year distribution

1

1.5 2

Fig. 9. Comparison of expected damage level between Melby and
Kobayashi (1998) method and Hanzawa et al. (1996)

method.
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Table 10. Comparison of relative damage between measurements and numerical results

Relative damage (D)

No Harbor/Breakwater gj::i (]lf; di?mt;\ifli ci;:rjrnce Otfc;r Dar;ige Numerical result (Melby M i
. &t grea P and Kobayashi, 1998) casuremen
1 South Busan/West 79 1 trunk 0.029 0.127
2 New Busan/East 8 1 trunk 0.025 (real time series H;) 0.013 (experimental test)
3 YeoswEast 50 1 trunk (head) 0.101 0.082
4 Yeosu/West 50 1 trunk 0.028 0.089
5 Seongsanpo/East 12 2 trunk 0.040 0.104
1 gejulo] ek shARE FrE0] valE a0 % Alofst
7 918l FxEe) BEAR saht Aol pﬂ—:au}. e}
-1 | O Numerical (trunk) ~
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Fig. 10. Comparison of relative damage between measurement and
numerical result.
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