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H ©owave height

L o wave length

T o wave period

@ Coincident wave angle

/3 ©oseaside slope angle measured from the horizontal
Wy 0 weight of Tetrapod

B o width of core unit

W weight of core unit

Zop 0 sharpe of Tetrapod

/2, height of berm

Ve - maximum water particle velocity on bottom
D o percent damage to armor laver
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7 o odynamic viscosity of water in vicinily of breakwater
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A study on Design/Management of Rubble
Mound Structures Considered Coastal Damages

by Tvphoon

Jung—Hyun Im

Departmont of Ocean Science and Technolpgy
Graduate School of lndustry

FPukyong Natronal University

Abstract

Tvphoon "Maemi” that is one of the strongesl in Korea hit the
South-Eastern  coast of Korea include the New port and
Kadeokdo. In this study, hrst all, the damage around the
KRadeokdo was surveyed and characterized the damage modes.
The damage of rvubble mound structures is one of the most
importanl damages, and it is strongly requested that the
applicable and soft measures. In the study, field survey and
hyvdraulic model tests has heen carried out to investigate the
region why the damage by (yvphoon around the Gadeokdo.
Throusgh the results of comparative studies, we developed as the
improved design conception of coastal structures(breakwaters)
[or the typhoon.

The hydrodynamic characteristics of rubble mound breakwater

for lyphoon can be summarized as follows:!

1. Classified the spatial coastal failure modes in Gadeokdo by
lvphoon, and applicable measures are suggested.

2. M is betler to use S-type coastal structures/breakwaters than .
1o use uniform type breakwaters in the point of view of
stability,  rellection and overtopping. When design the
sltructures to decrease energy of waves that it was needed to
consider hyvdraulics charactleristics by the sectional changes



as well as the cap-concrete height etc.

3. Developed the new design conception for coastal development
project consider to coastal disaster, spatial failure modes of
coaslal structures and sectional characteristics of structures,
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Table 2.1 Classification of the Typhoon by radius (1904~ 2003)

Class Radius {wind speed > 15 m/s)
Small 300 km ~
Medium 300 km ~ 500 km
Large 500 km ~ 800 km
Extra Large 800 km ~




Table 2.2 Classification of the Typhoon by magnitude (1904~ 2003)

Class Maximum wind speed

Low 17 m/s (34 kts) ~ 25 m/s (48 kis)
Medium 25 m/s (48 kts) ~ 33 m/s (64 kts)

High 33 m/s (64 kts) ~ 44 m/s (85 kts)
Very high 44 m/s (85kts) ~
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Table 2.3 Frequency of Typhoon (KMA, 1904~ 2003)

month 1123 4{5/6]7!8]9 10]/11]12|Total| Ave.

11
218895 |78] 8

Frequency! -| -/ -| - -l - 310 3.1




Table 2.4 Classification of route of typhoon (KMA, 1904~ 2001)

|
Month |1 213 [4(5|6|7|8|9 101112 Total Ave.
General |1 1 1 4] 15l 72 o7l 75l 8l -] | 268 | g0
route
Extra
route - - -o-t - 2 14y 160 21 - - - 34 11
Total - - - -1 11 17| 86|113| 771 8| -1 -] 302 100

T AR w2 Hus
welvael dEs vA WEe F=E 20 44X, AR Aoz 77
AR e AT b 548 tg 19 gow 7 TYPEY
Hal 2ol el Ee] o)A zd npE s W s B4 Table 25

b Zohgw 7, 1998).

Table 2.5 Return rate(%) of route of typhoon

Type route Relative( (7for)equency

01

0 East china sea - South sea - East sea 29
03 11

yellow sea - North province
04 19
05 East china sea - Kuju(Japan) 17
06 10
East china sea - China - Yellow sea

07 15
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Fig. 2.1. The routes of Typhoons.



Table 2.6 Characteristics of storm surge due to the typhoon routes

Type Characteristics

U1 1. Negative storm surge (Incheon)
2. Strong wind speed (South sea)
3. Maximum storm surge height (100 cm) in the Yeosu with the

o2 route (Type 02)

03
1. Strong storm surge in the Yellow sea (Type 04, Type 03).
04

05 1. More the strong storm surge in the south-west sea than the
south east sea

=

06 Mild reduce of air pressure
2. Negative storm surge (Incheon, Anheung) (Type 06)
3. Wind direction(S): More strong storm surge in the yellow sea

07 (Type 07)
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Table 2.7 Typhoon "Maemi” (2003. 9)

Time Location D(lrectldc;n Pressure Note
spee
11. 10:00 253N, | NNWw, 910 hPa wind spped: 54m/sec,
(14-7) 125.1E | 8km/h wave heght: 10~13m
11. 16:30 25.8N, N, 915 hPa wind spped: 54m/sec,
(14-8) 125.2E | 11km/h wave heght: 10~13m
11. 22:30 26.8N, N, 930 hPa wind spped: 49m/sec,
(14-9) 125.8E | 20km/h wave heght: 10~13m
12. 04:30 28.5N, N, 935 hPa wind spped: 46m/sec,
(14-10) 1258E | 28km/h ] wave heght: 10~13m
. 07:30 . E, ind d: 41 y
12. 0 295N, | NN 940 hpa |Wind sppe 41m/sec
(14-11) 126.1E | 32km/h wave heght: 10~13m
12. 10:30 30.5N, NNE, 945 hPa wind spped: 41m/sec,
(14-12) 126.5E | 38km/h wave heght: 10~13m
12. 13:40 31.6N, NNE, 945 hPa wind spped: 41m/sec,
(14-13) 126.7E | 40km/h wave heght: 10~13m
12. 16:30 327N, | NNE, 950 hPa wind spped: 41m/sec,
(14-14) 127.0E | 40km/h wave heght: 10~13m
12. 19:30 33.8N, NNE, 950 hPa wind spped: 4lm/sec,
(14-15) 127.5E | 40km/h wave heght: 10~13m
12. 22:30 35.1N, NNE, 955 hPa wind spped: 41m/sec,
(14-16) 128.4E | 44km/h wave heght: 10~13m
13. 01:30 35.8N, NNE, 960 hP wind spped: 41m/sec,
(14-17) 128.7E | 42km/h 4 wave heght: 10~13m
13. 04:30 371N, | NNE, 970 hPa wind spped: 31m/sec,
(14-18) 129.7E | 42km/h wave heght: 6~9m
13. 07:30 37.8N, NE, 970 hPa wind spped: 31m/sec,
| (1419 130.7E | 40km/h wave heght: 6~9m
13. 10:30 38.6N, NE, 975 1P wind spped: 28m/sec,
(14-20) 131.7E | 40km/h 2 wave heght: 6~9m
13. 16:30 40.5N, | NNE, 980 hp wind spped: 26m/sec,
(14-21) 1345E | 46km/h ® | wave heght: 6~9m
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Table 2.8 Wave parameters at the

(Typhoon "Maemi”)

New

Busan Port

Time

Hs
(m)

Tp
(s)

Tz
(s)

Hmax
(m)

H rms
(m)

His
(m)

Hi/wo

(m)

Tmax
(8)

Tz
(s)

Thiss

()

T[ Imax

(s)

(deg)

(deg)

12D

OH

026

10.27

6.65

0.39

0.18

0.25

0.32

12.33

9.94

922

11.77

1823

53.6

12D

1H

0.37

11.03

5.62

0.66

026

0.37

0.45

14.70

10.17

7.81

4.34

1772

445

12D

2H

0.46

11.65

777

0.74

0.31

0.44

0.53

14.51

11.66

10.87

11.53

1743

43.8

12D

3H

0.67

13.86

9.42

1.14

0.46

0.66

0.82

18.16

12.34

1149

12.61

1634

35.4

12D

4H

0.63

13.76

9.47

0.91

0.43

0.62

0.78

15.91

13.36

12.33

1113

173.6

12.6

12D

5H

(.56

11.02

9.15

1.06

0.38

0.55

0.74

14.92

11.88

11.17

1121

173.8

31.8

12D

6H

0.56

12.60

781

0.86

0.36

0.52

0.67

14.26

10.72

10.12

11.05

180.0

56.1

12D

7H

0.54

11.75

6.43

0.95

0.37

0.52

(.68

12.45

7.54

6.34

9.39

209.0

59.7

12D

8H

0.48

12.73

547

0.77
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Table 2.10 Rainfall (Day)

Rainfall Busan Masan Geojedo Yeosu
9. 11 40 20.0 24.5 42.5
9. 12 64 157.0 120.5 216.0
913 | 0 1.0 0 0.1
total 104 mm 178 mm 145 mm 258.6 mm
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Overview of failure modes for rubble mound bregkwaters

Fig. 2.4 Sectional failure modes in the rubble mound
breakwaters(CERC, 2002).
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Fig. 26. Failure modes in the rear side of
head(CERC, 2002).
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Fig. 27 Failure modes in the head(Kim, 2000).
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Table. 2.11 Development projects of Kangseo-Gu coastal region

Projects
Noksan Myongji Shinho New Busan Port
Terms
Time . ‘ , ‘ , .
50~2001 90~"2003 93~"2005 97 ~2011
(years)
Area ‘ . .
() 6,972,000m" 11,884,000 m'{3,120,000 3,990,000
m
Budget g 9 9
( ) 9,687 X 107 |4,483 = 10" 7,040 x 10”1 1.12 x 1014
won

_26_



Table 2.12 The damage by typhoon "Maemi”

repair fare
) Value
Location Damage 4 (1,000
(107
won))
total 2,475 m 4,675,531 | 65,951,254
Breakwater(2EA) : L=200
Chunsung m 817,154 817,154
Seawall ©  L=300m
Wharf: L=50 m
Daehanghang 654,432 929,856
Breakwater: L=50 m
Wharf: L=33 m
oelvangpo Breakwater: L=11 m 197,942 1,600,000
Seawall: L=5 6m
Dongsun ~ Tidal embankment
706,003 1,904,244
Nulcha L= 526m
Chunsung ~
Coastal road: L= 1,250 m | 2,300,000 | 2,300,000
Nulcha
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Table 3.1 Froude's similarity principal

parameters scale
Time T,
Speed vV,
Acceleration a,
Flow @,
Power I,
Pressure P,
Friction n,
L 2E Y =
2o HHE AW welw 94 i BAL s 94 @
= 3 A0

W% RHE F¥s] A wEolok sm, 2@ A x
=

A
=&, Az 47 515 nelste 443 g9 2718 43



3.2 A48}
FHARA 2dold AANNe Adeln woeu st Helws

o BEYAE 72 }»% sl wlwabu, Wade A5 uAE o 26
B

— o i =

= T HG ] AulH ”ﬂ /"}%5}{5 Froude A3, 44 &<
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AP, 2T 45 g8 Aol Cauchyel Aw 4 52
g
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Boodpelae] BeBne e ol zelsi.

T B- hs! h’()’ 1338) Ta Vmaxygvlow, luy
e’ D’ d50’ Qmax' Qmean; q’ BB:’ = 0

(7)

YAt 2o g W
Hy;y o 9k (wave height)
Ly ¢+ 3 (wave length)
T4 @ 77l (period)

£, - I3 F35(peak frequency)

8 ¢ APH A A (seaside slope angle measured from the horizontal)
W, © 358 Tetrapod®] %% (weight of Tetrapod)
B TxE9 Z(width of core unit)

W, o Ul AR o] o) B8k (weight of core unit)



&gt Tetrapod®] @474 (sharpe of Tetrapod)
& AR 9(surf similarity parameters)

k. o A% (crest height)

I, © 71259 deol{length of berm)

ke @ 71352 2ol (height of berm)

hy o HAMFZ o] (maximum scouring depth)

Vi - AW AN EA £ E(maximum water particle velocity on
bottom)

D! 3 & (percent damage to Tetrapod layer)

Q wax - A HH I (maxium overtopping rate)

Qean DY I8 (mean overtopping rate)

g. D3 (overtopping volume)

71e} 285 AdE g Q)HE g AHS FHE = v 2

=

e, =2 Y (density of seawater)

g 5 Y7 S (gravitational acceleration)

hy TE2E9 ted A2l FA(water depth at the toe of the
structure)

e ! ¥7E(%) (void ratio)

F84 A< (dynamic viscosity of water in vicinity of

breakwater)

By - AW ZAHbottom slope seaward of the structure)
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Table 3.2 Specification of the Instruments

Instrument ‘ Specification
Model name CH—-401A (KENEK)
Wave probe Measuring range (mm) 500
Measuring error 0.5% full scale
Dimension (i) 1.0%1.0%35
Z2D—wave -
i Makable waves Regular wave, Irregular wave
generating
Generating range His = 25 cm
system
(Irregular wave) Tz = 0.7~3.5 sec

979 WlFe gdels B 854S o §@ BAY &g}
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Video Camera | ‘ —
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: i i Servo Motor
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DATA ACQUISITION SYSTEM WAVE MAKING SYSTEM

Fig. 3.1 Irregular Wave generating System.
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Fig. 3.2 Photo of wave generator and wave probes,
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Fig. 3.3 Experimental setup.
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Table 3.3 Experimental conditions

| Physical parameters Value
H1/3 (cm) 6~17
Wave conditions T1/3 (sec) 1.5~2.5
(Irregular wave) Spectrum JONSWAP
Depth {cm) 45
Armor Tetrapod (500 g)
Core Riprap (3—-10 g)
Slope 1:1.5
Structlure
conditions Depth (toe) 45 ¢m
5~10 cm
Berm (height/length) /7~14 cm
. Still Smooth
Bottom conditions Slope 130
Tested wave number 1000

Section

Silple, Berm, S|

model

—

Wave steepness

/L =0.015 0.0.02)

Wave height

Irregular, JONSWAP

e

Fig. 3.5 Schematic diagram of experiment.
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Fig. 3.6 Failed east breakwater in the new Busan port.
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Fig. 3.7 Experimental setup.



c. Failed cap concrete.

Fig. 3.8 Photo of failed east breakwater head.
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Fig. 3.10 Experimental setup(sectional shape).
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Fig. 3.11 Experimental conditions.
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Fig. 3.12 Varation of overtopping rate with relative wave height.
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Fig. 3.13 Variation of reflection rate with relative wave height.
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