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Abstract — In this study, we investigated the characteristics of ocean waves, overtopping, the height of the sea-
wall, and the inundation of the hinterland around the Haecundae marine city(HMC) of Busan in October 2016. The
results of the study can be summarized as follows. (1) The maximum wave height (H,,,) was 9.1 m, the significant
wave height (H,;) was 8.1 m, and the significant wave period (7),;) was 10.5 s, as measured at the nearby Busan
North Port during the passing of Typhoon Chaba. At AM 10:00-11:00, when the greatest damage was caused to
the marine city, south and south-easterly winds increased, overtopping the seawall. (2) The maximum tidal wave
level observed during the passing of Typhoon Chaba was 218 cm and the storm surge caused by the typhoon in
HMC was estimated to be 97 cm. (3) The angle of the incident wave was about 15-20° (wave direction = south) at
the seawall of HMC during the typhoon; while the wave period differed slightly in each place(seawall), the wave
period was about 15 s.
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Fig. 1.

Wind observation results during the passing of Typhoon Chaba (KMA[2016]).
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Fig. 2. Tidal observations during the passing of Typhoon Chaba.

2.2 =9
B Xk Uil =8l d2ARI (KHOA2016])2) AR
= RE A5k 2016 102 59 244712 A7 Thof
& 28] MslE AT I (Fig, 2). FATE 2913540

-
gl

i

=]

F

fut

T 16 — _
Marine city overtopping

= —8— Geoje island buoy
= 14 1 —o— Busan south port
Z 12 —— Busan north port
23
2
= 101

B

5

S 81

S .

£

g 4

- 2

= oo - .

2 2'v'v'v AR A AR X
£

g O L1 1 1 T 111 | T | I - T | T - T 111 T 11 1 | T
=

QO 05 Oct. 2016 4 8 12 16 20 24

Time(hour)

(a) Maximum wave height(A . )

Marine city overtopping Geoje island buoy

—O0— Busan south port
—v%— Busan north port

Observed wave period(T ;, sec)

S A R T TN N T Y Y N O T S R
T T T T T T

05 Oct. 2016 4 8 12

Time(hour)
(¢) Wave period( 77/y)

16 20 24

HE UISAL(AM 10:10)0]l Hth 29 218 em7} A55$le). w2
BEH 9} Z2]9] 207k 97 cme]th. F, 1ol $1A1% sfe-t)
vlIAJE] 2] Bl o] gt sl A anE AL, Storm surge height)=
97 cmzhar & 5= Qlr}. o]i= SkA] Kang[2005]0] B ] Ul5A)
43k ok 0.6 m FE, Hur ef al [2006]7} @1Z3F 0.86 m Hrbe &
s Ve Sl

2.3 szt

Bl 2Pk Ui5Al 71737 (KMA[2016))9] shark-o] dEka (A
AL, FARRE FAbdEhE 3dsto] 20161 102 59 2441719
ARV}l whE HN Rl H,,,,), FEITRLH, ), T71(T ), Oy
Akt 1 A¥R= Fig 37 2

sldukd B5Ae) w=w el 2t Ui GAI(AM 10:00) A
A% R0l H, =13.7m, H,,=10.1 m, T,;=12.8 sec®] 3}z
o] 3}gF 287°% Uls5slsl o, sl niIAJE] 9} 158t Ak
oM FUF A7l H,, =7.1m, H =63 m, T,,=11.8 sec’} 7I=5
Atk AAE d7d-ololl A Holghs 3l AM 11:004] 2] 7 -5-

16

Marine city overtopping

—8— Geoje island buoy
—o0— Busan south port
—— Busan north port

14

12 4

10 A

e
L

gnificant wave height(H, ;, m)
(=)

IS

~

1o
Yvvvyvy

v

Observed si

0

05 Oct. 2016 4 12

Time(hour)

(b) Significant wave height(H,;)

360
330 A
300 A
270 A
240 A
210 A
180 -
150 -
120 1

90 -

60 -
30 1

0
05 Oct. 2016 4

Marine city overtopping

Observed wave direction(deg.)

Time(hour)

(d) Wave direction(8) at Geoje island buoy

Fig. 3. Observation results of ocean waves during the passing of Typhoon Chaba.
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Table 1. Observation results of ocean waves and wind during the passing of Typhoon Chaba

Observation time Wave condition Wind condition
(05 Oct. 2016) H,; (m) T, (sec) H,, (m) T (s€C) Wave dir.(deg.) vel.(m/s) dir.(deg.)
AM 09:40 3.06 11.05 4.62 14 176 15.7 124
AM 09:45 4.02 11.68 4.72 9 172 15.2 136
AM 09:50 3.92 12.64 5.24 13 175 14.5 136
AM 09:55 4.27 12.64 5.34 14.5 180 14.1 142
AM 10:00 3.9 12.57 5.12 12 120 13.7 144
AM 10:05 4.49 13.66 4.99 12.5 178 16.6 160
AM 10:10 3.59 11.75 4.42 12 181 19.1 154
AM 10:15 5.1 14.14 5.74 15 183 19.9 155
AM 10:20 5.43 14.5 6.74 13.5 178 19.8 157
AM 10:25 4.22 12.78 5.54 15 186 20.4 157
AM 10:30 5.93 13.78 7.77 13.5 180 17.5 158
AM 10:35 591 13.25 6.92 15 183 20.1 167
AM 10:40 5.69 14.64 7.24 14 186 20.5 162
AM 10:45 6.34 13.29 6.58 11.5 176 19.9 163
AM 10:50 5.75 15.25 6.65 16 165 19.2 163
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Fig. 4. Approximate locations of video footage collected during the passing of Typhoon Chaba.
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Fig. 5. Wave reflection and overtopping around the seawall at Haeundae Marine City caused by Typhoon Chaba.

vfatA 73S uiEddro w2 mgro] sk AvlE g3 4
Qlt}. Fig. 5= 115 o}bE(Site C)ellx] A9 Zdatoll A ko
2 UEshs 9 A3 3 58 324 9 kRS 50 9XE 1
ato] o JAktE 45 dajoloh

AA 0w oS $-F Guks WAbE]= oA 53 A
UAFZE F 152003 S), 771 2F 15 seci. YAleh= 2 o= e}
Wk vRAAE] Sk EWEEO R B uj 9|k wEo] Eal
ESo] w2 oF 2004 = AARE o] 4L Sl AS Aikteld HiF A
vk U5l 3-F Eabe ajke] Jabe gl skt A st
31 3 5 Qlrk. kA A niel o] AL P dolelA kg
o] HlE 231 AM 11:00~] 9] 79 33F 161°%2 53357 7]
A5 AR A FY ARl SRR nige] AEEHSS 17
W gk Ui di7]ellx €] vigt $8o] Seke o] v Uvte
A S Ao R kst 4= gl

o 3t

__ DJ.49.43m
Iy v (water level estimated on seawall)

7.53m (estimated wave run—up height)
#.15m

L

A DL+19 sernaniassRREsLay
N (Water level by storm surge)

{.6{estimated storm surge)
— HWL=+128

HW.L

I\
—d

3.2 39 AN

20031 9 124 Flslels Bt 145 HIE win] 2 Q18) FAE
gl PFIAERE 2QF Pate] o]t vllg- FiRbER, YAl 9l
FA AVdo] A /mkaEE wElE ATk T A At A4t
ATE v O E Kang[20051 $J3l 52 a1 <F 0.6 m Y=, 3
I 6~7m@EF7] 15 sec), BYol|A LahEF)el ot = dldR
th 7.5 md = o] et 2o ® AT 5, HlE win UlsAl
FY M W.L)ET 58k 791 (8.15 m) TollA] 3] A 250
O3+ AF(7.53 m) H]L0] oF 90% HLETA thit 11o] 2] @ Bof
oJaiA] Fali7F YIS Zd3est vl Qlt). WAl Lt sl of
3 BA = o) Fig. 63 1T)

& AelA= Kang[200510] A9} frAkeAl B 2pat vl &
A Skl PRIAJE] QI FRIE0] e} Aol Ritd 59
7&& YoutubeZH-E] F=3to] ot 7R ik Uiz A4S W 9

=

[ 20-30m
! 2nd-{store
Wave run-u -----.T—..,_._
4.93m
1st4store
L +4.5
—\ ] 40 -
3.2m

Fig. 6. Sketch of the water level change induced by wave overtopping around the seawall at Haeundae Marine City (Kang[2005]).



2k Ao e o) mlRIAE]) B9k Lot et 12 17

O
= 1
Y= EH*J_E sha gl vehhs Hx 5973 29 S

2 9 gE gt Auk gy P P REEEEA, AT, 7HE
T, 7T 58] o], Stellx 9] i) wiab Ul dst sk 9
I} Aol 9] ko] F7), aF Gk vilSA] g S 55
A3t

PRIAJE] SQke] 749 APA A 1:1.5, 5% 16 ton?] HIELEE
(Tetrapod)’} A1dE]o] Q1o FQF nlF+50] DL.(+)5.1 m, H]$d
23 DL(H4.1 m, WiFA] 152 E‘&_i—rﬁ °F 23 m °]4¥]
o] itk Ao o7 T delx] St Lt S YA
S glo} AEFEL (5 m)E o|g3le] 3ot FH LREEE A
&, SAT, 7hRS, 7EES 5)9 Ol (LevelE S Sk BoF 4
3} FHe] St AT E APl

vlAAE] SRF PR 558t Zlo] Fig. 72 2t 597 £ollA
Site AX]oME 2 HTH(DL.(+)5.1 m)CZHE oF 4.5 m =07}
A dg7t A B3R A, B3 Site BRI L] A9 3¢k Mtk 21
1 m o]AEo1d FAalFEe] &F 6 my7t 3] A 5ol Al 3
o] WA ATt B=3F Site DA 2] 79 ZQF O EHE] 4m 0]
Aol 7125 &0 ¢k 6 me], AAo] Tk Meko 2HE] ok 23 m
o|AH W% 7tZ7t Gute sigrol] SJaf AlebAl= o] iy

sk 24

F

Stk
Sl WFIAIE] 39| ¢ HAFC] Bl EZE = (Tetrapod) =
T8 HFA AP A& 388te] Kang[2005]9] HE wiw] 2

3 El
e H]—E‘r_i Fotol| A9 J]—.J 2431 (Wave runup heightyZ H] i
&o] Bk}, ko] Avdar Abgell AM-¥l Hunt[1959]19] A4S &

A& vhg 2 (13 e,

M

714 RE HFelA 9] AT,
EFTA A 1, " A 11 A2 gh, B ATy,
s A3 3 tanbs TEE AP BARE UERATE

713k Kang[200512] B viiv] GAle] 2 @Al 7m, 7] 15 sec,
vte] A1 R=7.53 mye A (1yell tisdsle] ARbsld ¢=023& 9&
T L, o] wks B APt UisAle] 2@k 8.1 m, 771 10.5 sec,
tan0=0.667)2= thUdPA R=3.74 m, o] A% Site AA|HANA &
=S5 Al visiA A AR7kEE dAels & 5 Qi 1w
1 Kang[2005]9] EfE viin] GA] AAFI(DL.(+)9.43 m)®}k o] 5
Gg &2 A4 Site AXFANA H5E AT (DL.(H)9.60 m)= U]
AHow dAeh= AAQls & 5 vk whebs] ol A% Site A
x]z%oﬂ/\-] 503)\]- Z-:oﬂ/\-] ZZ‘] :ﬂ‘:’l'oj ]:4 }::o] 45m4 gj{—o ]
8 A9 sl mRIATE SRke] AAbE 3 skeblE C =
0.39¢] %k~ D& T USTH 0%71*1 ﬁom
C= 5 Aaliof®) s

F A& Ao= Yz

o
a
rlr
o

~
-
r

78 sehE

4



158 okt - wg

B sloptgo] SekE Wi AR sel 7712 deusgk
I~
T

th 53 Helx d%d o] 58 458

F o]}, Site B 10~11 sec, Site C= 15~16sec, Site D+
11~12 sec, Site G= 15 sec® S HATE 771 ZRF 7RPER thas
2ol Holu; ¢F 15 sec® YA B Dafel= 21 0= YT

3.3 S0+ o}

A Slo) vRAAE] Aot B vl 20039 9%), WF2010

d 89, B2hl2012 89), 220124 9¥), XFH20163 108) 5
BE Ui webet Qb gutel] whE wieA] 4= djelE ol gttt
2012 12€ PG (1.2 m)yS AR FA L, o] A2 =S
ofspARIthE Y °J“HT°ﬂ 27 $zole] Anlel| sidahs A
= Ao TN 7 T Aok 3ol XA F wEEo]e

Ao slistet. 20160 108 52 AM 104] H-2belo)S B33t 185

B 2k Q18)) Fqtk et nRIA Bl 5ot duto]] o5k uj$-
IR, APAIAE 2 A Aol Ak E= FEE AT

Fig. 82 o B xhak WiHA] =50 F7dolA] A5 ols)
= w5 JAF A $oF b ASke BA =R veRd Zlolot A
%3t ule} 2o Site DA O] A9 9k MxkOo ZHE] ©F 23m ©]7]
v 7k Ak sligeel] SJal A= o] = gl

Sohn[2001:- 3D | R AA-E Fall nlIAE 39F 795 of
Ao H=4.5m, T)5=13.5 sec2] A@Z7NA vlIAE] 5k
A9 A o7 54 A9 0.01 m¥/m-secS Z3EPH o BfE
2pak UigsAl o) o] aruhRk UissAl Sle] Aokl os) Fate] s
bzl 9 SRl vl shel] 70 g8l Euk Sl
TS 7423k v Qi

AT RE IS Bol) Utk A

2L thi olglgo] YA EdAkelA Fet YulE a5 wjEA)
T2 9 ARS AT B ARREE vilEo] 35 S
22 7124y 9aiEo® thi] 4FYE o) BEYr| % 8t
sich.

4.4

ru

AT EIF A UisAl o161 108) FAE sl nlIATE]
FHe] afFuk 9 714 A5AE, Youtube AFOIES] HY 59}
(TN, Site A~G), 71 3Rt AAR A T2 ARE T8t Uls
o g SR Ank 54, SRt viEsoldd s} Mi$A] e 5
doll thisiA a1zks Ffstazt siSich. fojdl A7 A S Qokst
A o 2t

(1) B 2hak WAl 71 sharto] aSAks oA, AR,

hdehel e QT FARE A SUS Al H,,=9.1 m,
Hm =8.1 m, 7,;=10.5 sec’} ZAISE| It} =3t x| o Al gS5Ata
(AWS)ll k= ulAJE]e)] 2 I35 U ET 10:00~11:004] ARo]
o= S Hi= SEWEF vigto] whAIgho A SoF AukE FUiAlT)E
oJghs flvkar Azt

) A 299542 2905 1022000 121 eZ} A5 o
E3E U5A] 10:1000 218 cm7t Huizko 2 #=E ek wabs] 1
2ol gkl 97 em7} ol wRAAIE €] B el gtk aiH il
@Y aL, Storm surge height)ghal =4 4= Qlt}.

(3) Youtube= B T TGt vigow 6H%EH WRIAE] &
3t ?7P°1W B 2t U] shge] Wb 3Ssks A48 A o
AR Sk Aol AR oF 15~20°3HF S), T71—t— s
W E}i ztol& Holut OF 15 sec YAF B Hifeh= 210w 1

J

Green

L Road I Sidewalk space I Building
" 15.50m 4.0m ’ 3.0m
______________ Wave overtopping
Wave runup I
heightf
S > _DL()510m DL
ater wave(H,T) - DL.(H4.10m n A ‘_H'
A'd b

« HW.L(HL440m
> M su+)o 649m

Scale: None

[ |

Fig. 8. Sketch of the water level change induced by wave overtopping around the seawall at Haeundae Marine City during the passing of

Typhoon Chaba.
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