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Abstract : Today the harbor oscillation problems are the most significant factor to design harbors serving the very large ships. Large vessels
moored in the elastic hawsers at the coastal harbors are often displaced due to the resonance between the long period waves and mooring
system. The cargo handling may be interrupted and the hawsers may be broken, especially when the amplification becomes remarkable. The
most significant harbor which is confronted with harbor oscillation problem in Korea is the Pohang New Port. Many cases of problems are
being notified by the pilot association and local office of MOMAF. However, it is difficult to prevent the arrival of long waves causing
oscillation within this harbor. Moreover, Government already started new port plan at the mouth of Youngll Bay without treating problems
occurred in the Pohang New Port. This study deals with the variation of harbor oscillation due to the construction of 4.1km breakwater at
the bay mouth and new port plan. Numerical method used are fairly standard form from the extended mild slope equation. The obtained
numerical results were compared with the field measurement from the previous study and this will bring a certain level of discussion and
consideration of variation in the fiture port development.

Key words : Coastal harbor, Harbor oscillation, Mooring system, Numerical method, Extended mild-slope equation, Field measurement
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Table 1 Finite element model characteristics

Open calculation

Plan Node boundary Element Time
Before | 59,692 239 115,718 2h 36min
After 52,792 238 102,294 2h 29min
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Fig. 3 Finite element mesh for the present Youngil bay
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Fig. 4 Finite element mesh after Youngil bay New Port

Yehdth o] =& A gtoz ALte FHolw, o] =4,
- 4 U9 o] 4 4 gt d7e] el wel g
EEii=g

dutzxioz AR Yu FHAN & F & uigt Zo| 1
F7le gute] @, Zo|, E 419 Uxle] H9HEE o
& s WRbE oot ARY = Sle Zol g #
e Holth

IZHFAT2(1995)l = dLee]  Helmholiz natural
periodd2 75.5%, AREAFIZ 31.8%, TFAgel A1ZAE
712 225%, ARFAFIZ 12E A AT

A E(1995)0] 19943 10”004 19953 3¥71A] 107 L=<t
TG 15TE 2T} AT Alolg] 4 BM AR A K
AF B2 Td BN AyoMe 48 FHE A=
A gt gdqre] A1FAF7]o] S Fsl= 80E-0] 80sete] 2}
FTEOE BNy, ddwe] AR e X A
13AF7] 220 sgsts 328, 29.18, 2678 @ 298 &
o] ZIEHUT EEAIS] A2FAFT] o|3E 88, 5%, 2.8%
o} o2 eyt '

32 249 2 ¥4

Fig6oll X Fig17& oM AlE# ]2 AZAF71E 12sec
23l Jabme] £ 71| w8k NE, NSOES} Fuldeo tjgt A
Beold g s aeZoln, £A] AEH AL 4 Aolx
H2 164t WHEEQIC 7 A Fod H9e 12sec~
80minz A AtatF .

FEAgel A U Age] A A M FE vay

60

50 -

40

30

204

10 4

10 20 30 4'0 ' 5‘0 ' 6‘0 ' 7‘0 ) 80 ' 9'0 100
Wave Period(min)
Fig. 5 Mean occurrence of oscillation period at Pohang New

Harbor(1994.10.5-1995.3.10, KORDI)

The occurrence of oscillation periods

1.5
0 4ol
0

J12 - Yeongil New
o Port

Pohaﬁ_g Old -
Port 7

Itk pier

. Pohang New
Port

Fig. 6 Selected stations for model simulation

< o M Hele Fdvt A3 F70d AP 80w
30%&0] AN, & AFF-ok AFolA 37, 5, 108 F
A F717F EAEAT A Folls 068, 163, 358, 289
FAF7I7E BT LA AA ojHa) v dE F
o 30%9 FAF7I7F AR 3 354280 of & FFu|E
71 FFel AANEAS FAHYe] ZI= Figll~Figl4]
agzg A=Ak

¥y 7o) Fe LT AFgY] AHAY FAFVR 18, 3
T 8%, 178 308, 80&°] EABAL, JH Fole 058, 1
B, 178, 80822 1A Ao Higf 3%, 8&, 3089 F3e]
gefAle A& B F Utk 22y, 2 Aolrt wif FHolr] X
g TS A4 A Fo A WL A9 glve AL
Fig.15~Fig.189] o =eoA g9l & 4= qlth

FUT A A M T 28, 48, 5SE 2%, 14, 808
o] vtehsit.

—202—



Pohang Old Harbor

The occurrence of period
’ IS

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Wave Period(min)

Fig. 7 Mean occurrence of oscillation period at Pohang New
Harbor before and after construction yeongil new port

f period

The occurrence o

0

1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Wave Period(min)

Fig. 8 Mean occurrence of oscillation period at Pohang Old
Harbor after construction yeongil new port

§ after

6 { Yeongil New Harbor f

ceurrence of period

e o

Th

0 5

10 15 20 25 30 35 40 45 S0 S5 60 65 70 75 80 85 90

Wave Period(min)

Fig. 9 Mean occurrence of oscillation period at yeongil new port

AEO0IN AN FUe FAFIY 0L, 27.1%, 163
2ol ZA RPN B= TAFO T A L TYT

ol EAS A

Fig 7~Fig 9% 344 27 7 o] 3357 2@0ss

SR

Wave Height(m) Wave Height(m)

Wave Height(m)

—203—

Pohang new port Station A0 : 1
----- Before-NE
10 After-NE
T - = Before-NSOE
\— After-NSOE
8 -
6 -1
4
2 -
¢ R A RL = g
10 20 S0 j00 200 500
Wave Period(sec)
Fig.10 Comparison of harbor response with -
respect to wave direction (St.AQ)
12
Pohang new port Station B0
----- Before-NE
10 - After-NE
----- Before-NSOE
After-NSOE
8 —After :
6-
4
0 == e ¢
10 20 S0 190 200 500 jggp 2000 5000
Wave Period(sec)

Fig.11 Comparison of harbor response with

respect to wave direction (St.B0)

1”27

Pohang new port Station C0

----- Before-NE
10 After-NE

----- Before-NSOE

After-NROE

8 T
3
4
2-
0 e

0 20 50 g9 200 500  |ggp 2000 5000

Wave Period(sec)

Fig.12 Comparison of harbor response with

respect to wave direction (5t.C0)



Wave Height(m) Wave Height(m)

Wave Height(m)

12
Pohang new port Station D0
----- Before-NE
10 4 After-NE
----- Before-NSOE
After-NSOE
Ty - T
w2 SO 00 200 500 jo00 2000 5000
Wave Period(sec)
Fig.13 Comparison of harbor response with
' respect to wave direction (St.DO)
12 7=
Pohang old port Station Al
===== Before-NE
10 Aflter-NE
----- Before-NSOE
After-NSOE
s s
6 -
4
21
0 ;
0 20 50 qo0 200 500 jop0 2000 5000
Wave Period(sec)
Fig.14 Comparison of harbor response with
respect to wave direction (St.Al)
12
rl’ohang old port Station Bl
----- Before-NE
10 § ==~=== After-NE
———— Before-N8OE
- After-N3OE
s ———

0 20 50 g99 200 500
Wave Period(sec)

2000 5000

1000

Fig.15 Comparison of harbor response with
respect to wave direction (St.Bl)

12
Pohang old port Station C1
=== Before-NE

10 - After-NE
""" Before-NSOE

After-NSOE

———
\

b H
- \_»_-”\
.

Wave Height(m)

~ S SN .'/"
I >y
[ T T T Lo o 4 T
0 20 50 g 200 500 1900 2000 5000

Wave Period(sec)

Fig.16 Comparison of harbor response with
" respect to wave direction (St.C1)

12 =
Pohang old port Station D1
« === Before-NE
10 After-NE
—_ f----- Before-NSOE
g After-NSOE
N’ A . - T
8 "
= ;
o0
o
é 61
[?]
>
5
0 T ——r—rrriT ——
w20 50 19 200 500 g00 2000 5000

Wave Period(sec)

Fig.17 Comparison of harbor response with
respect to wave direction (St.D1)

=
Yeongil new port Station A2
===== Before-NE
10 -1 After-NE
~ — =~ Before-NSOE
L After-NSOE

Wave Height(m)

Lt

5000

10 20 50 100 200 500
Wave Period(sec)

1
togo 2000

Fig.18 Comparison of harbor response with
respect to wave direction (St.A2)

—204 —



12
Yeongil new port Station B2
---- Before-NE
104 After-NE
o = =~ == Before-NSOE
- After-N8OE
ed P
- 8 ——
= . .
o Lol
? Lo
2
24 : b 1
. ] == —

10 20 50 g 200 500 1900 2000 5000

Wave Period(sec)

Fig.19 Comparison of harbor response with
respect to wave direction (St.B2)

Yeongil new port Station C2
---- Before-NE
After-NE
----- Before-NSOE
After-NSOE

10 1

Wave Height(m)

. —— v ——
10 20 50 100 200 500 j00g 2000 5000

Wave Pcriod(sec)

Fig.20 Comparison of harbor response with
respect to wave direction (St.C2)

12
Yeongi! new port Station D2
----- Before-NE
10 4 After-NE
---- Before-NSGE
After-NSOE

E=4

Wave Height(m)

' T T
1000 2000

™ TTT

0 20 S0 jgg 200 500
Wave Period(sec)

5000
Fig.21 Comparison of harbor response with
respect to wave direction (St.D2)

1994 SFATANN BEF H19NS AL} A 75
Solxe) BAFy] BEADY} AP AHE HwEY

1E+0

-

m
4

S

Power Density {(m*m*sec)
m m
& [

1£-4
i T T T T T T TTTrT LI |
10 100 1000
Wave Period (sec)
Pohang new port at 1st Pier
after NSOE
TE+000 after NE
- |- before NSOE
E ~ == === before NE
-é] i
k]
o
§ 1E-008 " RN
!
t
]
)
i’
1E-002 — — T T — T
= = %0 P P

100
Wave Period(sec)

Fig.22 Comparison of harbor response with
respect to wave direction at Pohang New Harbor 1st pier

sttt Fg22¢9} Fg232 2}z AlF5e A 7852 F714
3 & Jepd aiixoln] dA #S a¥Eel £X4AY
I EE Ko Fr)

Al 1RFARS] gmel ABEZAE F7] 10-20secklo] oA

0.Ime] wtuyt ASEAT HAAFE A8 AlEdolNA

= F7] 20secollA 3 0.15m, 7] 200~400sec Atolol] 0.6m,
F712000seco A 12me] ¥31E JERNUATE EJF ATH-F A
e AaFAE F7] 10:20sec Atolol| 71} 2 % E YE
s AlEele)ld Al 10~20sec Akolol 0.3m, 100~200sec A}
ol 0.45m, 2000secoljA] 0.9me} 98 JEhRAUT

Fd Aol A4 Ao g AAAQ FZH|e A
v F7] 308 9 80RO St diF st RAE E
Aem oA Ui Aol XY EAE oAl
2 F Qe dA7) Qe Aoz Algdrh

gul A R ggdue ey 2 AFAAdY 3
83 8otk 53] TUdNE TGN BT BA
7t AzeA A2"z Uk B Aode Ax gdut g
o] AT Y& AHo|A dUust Tl wuale] WAz
QUnt Agte] AMz W) TP TP FAF)

—205—



1Ev0 (anmw-ulml

R 325 00:00 ,

e 726 09:00
—_— W27 000

181 | —— Msop00 }

Power Density (m*m*sec)
L
~

-
m
[}

1E4

171‘Tll||‘ + L |

ﬁ L2 I ) TWITY]

10 100 1000
Wave Period (sec)

% Pobang new port al Tth Pier

1E+000

Wave Height(m)

T A
Wave Period(sec)

Fig.23 Comparison of harbor response with

respect to wave direction at Pohang New Harbor 7th pier

7b o FA v R EA 4 BrieEE diAlE dUTte A
1387719} A232F7] B9 ol HBEHQA F77L 3
A¥e B8 TRHANY UG JH Fol TPYFH E
g Fake] FAFII ds 8 AL ' JUD, 2R 7
elre dd Ao vy g FFE Hole 7= UN
ok ol2lg HellA Alatutel Aol 7|Eel AW 2749 &Rt
A= n e e §30% 247 o5 4748 <+ sl
€ 7FsAd € 3eisld AFREeEE FAEY A3dE A3 2
TF71E€ WAANINAG SEHE BN F e s vl
dalop & Zlojn] £719E B+ HANA S 3 AAAHY
=4, ¢ P2y HAMRE A e F UAR dEAY
o Agte dAE ndsfold Aotk

2 d7dME 1671R9 As2M FA43E By &%
oS #7119 714& 294 It &2 477 8% AL
2 AgsdEdh

o

]

1) Booij, N.(1983), A note on the accuracy of the mild-slope
equation, Coastal Eng,, Vol.7, pp.191-203.

2) Fu5(1974), ¥4 AW FAF @, FRISAE,
pp.3-10.
3) Fu5(1976), Y HARNE @, THAFEIA

A11¢E, A23, pp.51-56.

4) °]F%, U (2001, “FALAAE o] &7 YL F
A7, d=garers|a|, 158 A2, pp.152-159.

5) Massel, S.R..(1983), Extended Refraction- Diffraction Equation
for Surface Waves, Coastal Engng. Vol.19, pp.97-126.

6) US Army Engineers Waterways Experiment Station(1984),
Shore Protection Manual(4th ed.), CERC, US Government Printing
Office, Washington, DC.

7) Mei, C. C. (1983), "The applied dynamics of ocean surface
waves”, John Wiley, New York.

8) FATF, o448, £AF, 1989. FLuT} ¥ 2iF
AL g AF, 112), 31~41

9 AR, 1987. TPV gFzA E 2ddyg 89 EaA.
A2 wFzA 2 2y A¥H, 440 pp.

10) FFGATA, 1995 P YuiRzy dJaASF 9
X%, BSPE 00469-784-2, 180 pp.

11) ]9, 1994 FLd% AL A E AXNEA &
o H3A, A2d YA EH, 551 pp.

—206—



