Variation of Harbor Oscillation Characteristics
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Abstract

Today, harbor oscillation problems are the most significant factor
to consider when designing harbors serving very large ships. In
coastal harbors, large vessels moored 1n the elastic hawsers are
often displaced due to the resonance between long period waves and
mooring systems. As a result, cargo handling may be interrupted
and the hawsers may be broken, especially when the amplification
becomes extreme. The most significant harbor confronted with
harbor oscillation problem in Korea is Pohang New port. Many cases
of problems are being reported by the Pohang pilot association and
the local office of MOMAF (Ministry of Maritime Affairs and
Fisheries). However, it is difficult to prevent the arrival of long
waves causing oscillations within this harbor. Moreover, the Korean
government has already started a new port plan at the mouth of
Yeongil Bay without addressing the problems that have occurred in
Pohang New port. This study deals with the variation of harbor
oscillation due to the construction of a 4.1 km breakwater at the bay
mouth including the arrangement of the new berths. Numerical



methods used are in fairly standard form from the extended mile
slope equation. The obtained numerical results were compared with
field measurement from the previous and this will bring a certain
level of discussion and consideration of variation to the future port
development.

Key words : Coastal harbor, Harbor oscillation, Mooring system,
Numerical method, Extended mild-slope equation
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C(x, y)
C.(x,)

NOMENCLATURE

Amplitude of the incident wave

cc,

Coastal boundaries

C :
—¥ 0%+ jow+ iC 0¥

C
Phase velocity =o/k

Group velocity = 90/dk=nC Wwith
_ L( _21m’_>

n="9 \ L Ginhokd

Total number of elements

Elements around node I
Friction coefficient

Wave amplitude

n-th order Bessel functions

Reflection coefficient

Element matrix

Diagonal matrix of dimension M by M
Fully populated NpxM matrix

Length of segment P

Total number of segments (= total number of nodes) along



the circular boundary I

N; Linear interpolation functions
N(x,y) Linear interpolation function for node i
Né(x, y) Linear interpolation function corresponding to an element e

and one of its node I

n Manning's dissipation coefficient

P, P, Boundary segments to either side on node I

7 Radius of the semicircle

w Friction factor

a (=a, + ja,)Complex coefficient

a; B; Unknown coefficients

B Wave phase angle

r Open boundary

¥ Wave breaking parameter

n Wave potential

ffl. Solution 7 at node I

;L\s Scattering wave potential

ne Linear two—-dimensional function

rfL\f Wave potentials at the corners (nodes) of the element e
{(n) Subset of {n} for nodes situated on boundary I

ﬁ( X, V) Complex surface elevation function, from which the wave

height can be estimated
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Table 2.1 Observed surface seiche periods in typical lakes

and observed decay rates

Observed surface seiche periods in typical lakes and observed decay rates
Observed periods of oscillation, min Fracional decrease in amplitude
Lake and location of free wuninodal seiche over
T1 T2 T3 T4 TS T6 |each successive period
Geneva
74.0 35.5 0.030
(Switzerland-France)
Garda(Italy) 429 28.6 21.8 15.0 12.1 9.9 0.045
Loch Earn(Scotland) 14.5 8.1 6.0 4.0 3.5 2.9
Erie(U.S. - Canada) 858.0 | 542.3 | 350.9 | 250.5 0.322
Konigssee(Germany) 11.6 0.204
Vattern(Sweden) 1790 | 975 80.7 579 481 42.6 0.113
Yamanaka(Japan) 156 10.6 55 0.199
Baikal(Russia) 278.2
IR T FTAE A7 fsiMe ditdom dAARS FEERIYAY
B SR ARe] 3744 wgel ARk X ATl Awe Ad § Fu
Ad@g el Wl asgdel RAF S0 JME FFS AAEAE BA
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Aot FE d5S A% FARY 9 F dAxzdelA olF Adsta
Aol gAE Fo FUMAALLS Hgsto] 1 ANE wuws]w sk
ANk AEe] A4S st Al I AlFIF71E Meriand 2
(SPM, 1984)°o. 2 ztefatAl Albslnd 7ia ko] A
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q)(x, Y, z, t) :[(I) 1CCBa)t+q) gsinwt]Z(Z) (2.16)

Z(Z) == (217)

h
cosh (kh)
o PIA TaRe o g,
CD:_‘.g/fI (2.18)
W

2 (216)01 4 o] A2 tha3} o] A H

O(x,v,2,0)= ;%K[?L(x, e 1

Nz (2.19)

A= i (2.20)

of g ARl T, HAFE B,E PG —np-0rE o A BT
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®=-5[n c0sa+1,sina]Z (2.21)

THA] &SEo Fek A2 2(221)9] ol i wWEdH =34 A4S Pt
sko] gkt
v,="5 (&)cosa-l—(ﬂz)sina]Z (2.22)
® ox ox
= &
V=" [(%L)cosa-i-(%z)sina Z (2.23)

% A9l G o8 oo o] DABOL £re SRR A7E 7Y
T ot
|l = (v,)*+ (v,)* (2.24)

2

a

on, \? n,\*
COS20~+[( axZ) —I-( aay”> sin

it =(E) 2[5 ()

o, on, = on, on,
_[ 1 2 1 0 2 Sin(ZG)}

ox ox oy dy
(2.25)

= ad HSEE (o2 2857 09 W Ve o 32

e
f
4
o
Apy
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]Sin (2a) (2.26)

H( aail >2+( aai)z]t[( 352 >2+( aaiz)z

on, on, on, on
axl 8x2 ayl 8y2 cos (20) =0

sto] Adelstd 4(2.27)3 2.

2] (2.26)% o]&s

[afﬂ on, | on, arTz]
(2.27)

a =L arctan o Jx A&xz FoRY A&vz -
T SRS 5]
— + - +
ox dy 0x 0y

aoll M Ak 2ol a4 m/2olM HA2gke 7

b =) o
> /Hiffq e

‘{'\_
o] 2 o] F ZelA ALt

ok |y
I 5 2 AA BAHAA T F EE7F HY, gdE2 HEFo] e
AP Aoz RE Aoz

(2.28)

olsh e AFHelA TASALE A

Srol @ P, F LF FrE
93, HES v EW A (22002 1t

B & glvk

P=—pgz+pgK(ne “YZ+C (2.29)
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ste] FolelA THE 2 4 (e el AFRsE ppd W R

g C= Z2=0d W 022 &fo] 3
il

Py =—0g2+ 055 Z (2.30)

el 147 e theel AdA e

B = arctan T’L\Z (2.31)

cosBE -1°1AM 1742 W3lsta, &8 Foz 2o Ay v JZA=
Ths Aol A ezt

A=V n;+ 1, (2.32)
AIZE 0l A =7t Bl d Eole vy Ao 2Ry Tzt
n=K[Ne ™]=[1, cos ® {+ 1, sin ® £] (2.33)
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), Fig. 3.12% 44 Ag AAdolS: tiddde] FHAES fesads
B Aot}
Table 3.2 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.
Rearranged 51,246 238 101,974 2h 30min.
Table 3.3 Finite element model characteristics for Pohang New port
Open Calculation
Plan Node o Element Time
Pohang New :
port 3,769 62 7,015 10min
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Fig. 3.13 Two and three dimensional picture of water depth at the
global water

_30_



Yeongil New :

Port

Fig. 3.14 Selected stations for comparison of harbor responses
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Fig. 3.15 Study area and depth for model
simulation before construction of New port in
Yeongil bay
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Fig. 3.16 Study area and depth for model
simulation after construction of New port in
Yeongil bay
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= oFgddow AHolsgith B XYy FRE W HEo] 9 YH &

M= N+ N (3.3)

v - (av ) +b0= 10 (3.4)

~ _C . .
b= 0"+iow+iCo¥

Mei(1994)= sty FREoA 2 (273 F3F ool 2 (29)] ¢

g AAxzAow 4 B4HFE F= TA= e MEs FF dAsdE AS
thebd |k 2l
F= [ [ Fla(v)* =%~ [ Taanas+ 35
[{1~ ~\01g -~ d(Mg+n)
fra (2 Mgy 1) an N P) ds
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Bnci=j=k
[ [ [veNeNsaxdy=1 -2 o<, i=j or i=k or j=k
. VIV paxay 60 ,1=7 07 1 or )
%Ae,i#:j#:k
el AAA, (), pE WAA FFRoR FARAE 22 eolA, obdlel
HAAAES 2 (354 i)ttt
Ae_’-3’\e‘94N2 33’\@84]\[2
v —’;I“z Fy —i-]]erL,- 9y (3.10)
(V;L\e)zzvﬁeévﬁe ,
3, ~ ON7 e ~ ENVE
ON; \* [ ON: ONg\ [ 0N ON;
axd axd axa axa axa
_(nq7| (2N ALY [ONy)' [ ONS ONG |~y
ox, 0Jx, 0%, 0x, 0x,
ON: N\ [ ONG ONS ON; \*
ox, 0x, ox, ox, ox,
Ae 2 Ae 2
(n°) =( ZZIN%) (3.12)
L aviNg v
={n | (VN (N2 (NSNS
(N5NY) (N5N3) - (N5)?

7]A, a=1,2 ; dummy index notation

xIEx’ xZEy
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Z, 4 BIDE a=17 a=29 < YEH, (09 =[nnini]E A (36)

of vtk 1gja, 2 35N A (2, )
Wshgthal 7FA St

-

R

84 eollA APHo=

- 3. - 3
a’= Zleale b= Zleb,e (3.13)
21 (35)9] A WHAl FE2 v o] 2o
L= [ 1)’ -39
-1 3 1y IxHY (3.14)
13 3x3 81
L~ ONS ON® y
z(LLj==aBLth@(a;j-jizf)awdy—-ijJ?ngﬁAﬁaway (3.15)
o714, B=1,2,3 ; dummy index notation
oON: ONS
axu axa = (2ie)2 (blb]+ CiCj) (316)
= (317)

J | Midray= 5
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pr. IN; ON; _aitaital
QBLINE( axu axa )d d le (b b +c; C) (318)

4 (3159 F HA P2,

8} [ [ N3 NEN; dxay

= b [ [(N*Niaxdy+ B; [ [Ni(ND) dudy+ B [ [NiN; Nidy

(3.19)
A N ~6 ~2 "-{2
c0 (2 b5+ 25+ 25))
i+; °1 4,
b | [NeN:Nsdxay
sl L(Nf)?’dxder by | J[NZI(Nf)dedy—I— by | [ N5 (N)?aeay (3.20)

LG F R b

i=i=id W, Y e 24 9 T2 T/ mHolth 2 (315H)E U

3} o,
. a+ a,+ a;
1,i,;— 194 ¢ (b;b;+ c;c;)

(3.21)

6A0 (2654 265+ 205 when i+j

O (3 be-i- bkl-l- b 2) when i=j=i

= [Ki& ARkt YA, Ex a9 dAl

[K]o=2 2§38, a2, 4 B14)= o
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g3 7},

1 = 1 e € 1o 7 -
Lo =5 2, (nY 1Kl =5{n) 1K {n} (3.22)
1x3 33 3x1
(A} ={0), 0y, Ty, oov, -on, Ty (3.23)

7|4, N = g9 QoA wde] & ot}

4 359 F WA Fe e

_\"L_I‘
i
o,
ol
k)
i
k)

I O
I,= fgz 0z 2ds (3.24)

°17]14, B = st} FAZAS ekt

A A B piEe weEkA, d B 1S nek W = A
of o&) b5 Lol AT

nf=N'n, P+ NP (3.25)

a’=N!a,"+ Na;” (3.26)

7N, s A el el sfij A iR 54 AL A A

o]
b= WEAA] W EFel
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.[2 ZIB%QZFPGIS
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g et vdEe 44 e

(point j)
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2 (359 Al WA B thew 2ol e 4 Itk

on on

Sy

(1~ ~\ 00, =~ (g0,
fd[ ll’LS—i—I’L) — 1 ( S+ I) dS:I3+I4:I5+IG

~~ 01l
I4=—fGarLLids S/ (3.31)

s shr] fsl, WA A rE HAE Re Ve dez Py At
& Slell, abstake] Az Sabske] AlE =SS fafe] Foem ddshsl

U dx5Hoew oy 45 EdY 87] &M=

o , o ==
fo sin 70 sin mO o = { 9[ ?z ) Z—MZ@ (3.32)
on 0 4 pEm
f cosmOcosmOP={ 1 L 5= m=*( (3.33)
0 on AWl u=m=0

22139 T2 dAss] A8, A 63D AR [E e pol o

Yoz g &
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I="1 kR 202H,H, + ﬁzl(a%ﬁﬁi)ﬂnﬂn' (3.34)

Do =

ANA, p 7 E TE W B#e A Hankel §59 1 =4t

goa 2.

H=HV R,  H, = ?(%7)1{;“(137)] (3.35)
r=R
ojFo] FrHAS A 7] dall, vAAT o0k BE U HEHIHE
=g
{U}T:{ao’al’ﬁvaZ’BZ!.”’am’Bm} (336)
<M

A7IA, M=2m+1% W, 4 (B34)= th&3 2ot

1=+ () LK) (337)
AZIM, [Ky] = Mo MAR ARA v EE

[K;1=%kRa diag{2H,’H,, H,’H,, H,’H,, -, H,’H,, H, H,,} (333

2 33DAA 1, Be 2.
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~~ 9n
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- M —~ —~ m
=ka ;1 Lgmm P(anf—l— NerjP)[CLOHO + nz=oH” (ancosnep-l-ﬁnsmn@p)]ds

= no )
:—%@ Z‘lLP(rLip+ rLjP)[OLOHO'Jr ZOHM’(GncosnepﬂLaninnep)]

(3.39)

o714, LF = AlZRE Pe| Ao

Ne = 98 3A r2 g2 Aaves A5

2 (33PAA, g ng/9,o &2 ATHE P TA go= BT HAT 4

(339 PEag oz vp3y 7o) Aeolsir}
L={0} LK, (3.40)

714, {a} = A rel F94%

al
[K,] = NoMADolA 948 445 4481 Aok

n 1s 2 3
IxNy

{AF}T:{/T H AF’ @F} (341)
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k

[K4] = 2 X

2l L' - H,/(cosnOy,  +cosnO)L' H, (sinnOy +sinnd)L' - |
2H,L* -  H, (cosnO,+ cosnO,)L* H, (sinn®,+ sinnO,)L*

| 2H, L™ - H, (cosn® N, T cos 7O VLY (sinnd N, T sin#O wLY

(3.42)

A7 w=1,2,...,m

[e]
= ZolaL

i
A
ok

’

@Dl e LAA RS thAs,

~~ 0N
15: fraﬂ L dS

on
. Nr R o
= ékZzA gl L0+ 1) cos(®p—0,)exp[ ikRcos(© p— O )] (3.43)
:{Qs}T{r/LT}
(@) "="7 kaA{(aw +a)L', (@ +a)L? -+, (an Ta)L"} (B4
gp= cos(©p—0 ) explikRcos(©,—0p], P=1, 2, -, Nr (3.45)

2 (B3DAA AE [ ngot n,E T 1,2 Bessel-Fourierd ©]




~~ 0N
= [ @, ds
ZkZAfF ZTSOSWZ'"]”(/W) cosn(©—06) ﬁOHW'(Gncosne-l-ﬁnsinn@)ds

- 2 m m
ZkaAfo Z:]OSni”]n(kr) cosn(©0—0) ZOH,,’(O-”COSVLG‘FﬁMSin%e)Rde

={Qs) {1}
(3.46)

{Q¢} =21 kRaAx
i"J,.H, cosmO,, i"],H, sinmO }

{JHy', ¢J,H, cos©,, iJ,H, sin®,

o
>

(3.47)
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)
rir
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N
o

fL\O - i\l'i‘ rLR
; 6-6 ] ©+6
— A ezkrcos( ) +Ae ikrcos(© + 6 ) (3.48)

=2A 2:08 21T ,(kr) cos nO | cos nO

A
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Demirbilek, 1995).

_46_



FL\SZ ZO H,(kr)a,cosnO (3.49)

FkEAlel Weste e A GHEE E2 FHE 7RI A (35)A

D= R, A Hojok @l A G4ndl o8 A Mze Rz

i, W AA e Fig 24004 2ol A wdel Ju vepdc g
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wAll el FEales 9o AE s ZAlClA ek

1glr Ng=
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i

2 (348)% A (3492 W 01N 1A [AA [ AA A7
e sagowA 44 7 4+ A

A A el o 4 Gl Aold W Folre Ee A&

S 1HEAY BE ARES FAWE g5 2

F =1, — L+ I,— [~ I+ I,
l{rL} [K, {0}~ i{n VI (P + ‘L{U}T[K3]{11} (3.50)
{ LK — Q@ T (s ()

Tmi=0 =1, 2, 3, -, N (351)
A=V sl 23 M (352)
[K K —[KH 7 —[K, ) ={Q;) (353)
(K u) — (K1Y 0 =—(Qs) (3.54)
{m)=—[K;] {Qs) +[K,] '[K,17{n") (3.55)
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2 (355)91 98 A (3539 (1}E WA, 4 (353 theI polRTh
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Table 3.4 Comparison points for the verification of the model

Amplitude Kl
0.13 0.2
0.13 0.4
0.13 0.6
0.13 0.8
0.13 1.0
0.13 1.1
0.38 1.2
0.38 1.3
0.25 14
0.25 1.5
0.25 1.6
0.30 1.8
0.25 2.0
0.25 25
0.30 3.0
0.25 35
0.35 4.0
0.35 4.2
0.35 4.4
0.25 4.6
0.30 4.8
0.30 5.0
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coefficient
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Response Curves for rectangular Harbor

8
/ No friction

7+ / Friction with F = 0.020

Friction with F = 0.0425

Friction with F=0.085
6T Friction with F = 0.12

= Physi cal Exp. by Ippen & Goda(1963)
54 = Physi cal Exp. by Lee (1969)
(=]
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Fig. 3.20 Harbor

kl

response curves for various values of the friction factor
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Fig. 4.29 Numerical model measurement stations in
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Fig. 4.31 Rearranged port figure to reduce the
amplification ratio
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Fig. 4.37 Amplification contour lines of the
before construction with a period of 2,200 sec

Fig. 4.38 Amplification contour lines of the
before construction with a period of 3,360 sec
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Fig. 4.39 Amplification contour lines of the
before construction with a period of 4,980 sec

Fig. 440 Amplification contour lines of the
before construction with a period of 5,020 sec
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Fig. 4.42 Amplification contour lines of the
after construction with a period of 2,200 sec
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Fig. 4.43 Amplification contour lines of the
after construction with a period of 3,360 sec

_72_



Fig. 4.44 Amplification contour lines of the
after construction with a period of 4,400 sec

Fig. 4.45 Amplification contour lines of the
after construction with a period of 5,020 sec
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Fig. 4.47 Amplification contour lines of the
rearranged port with a period of 1,650 sec

Fig. 4.48 Amplification contour lines of the
rearranged port with a period of 2,300 sec
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Fig. 449 Amplification contour lines of the
rearranged port with a period of 2,980 sec

Fig. 450 Amplification contour lines of the
rearranged port with a period of 4,250 sec
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Table 4.1 Summarized results of numerical analysis at Yeongil bay

(Period in sec.(relative amplification ratio))

Bay Phase
Before After After Ports
Compariso Construction Construction Rearranged
Point
660(4.1), 2200(7.1), 620(9), 2300(5.2), _
A 500(3.2), 1 .2), 4620(6.1
0 3180(4.1), 4980(5.3) 4400(7.8) 600(32), 1650(5.2), 4620(6.1)
BO 600(1.8), 1800(6.3), 520(2.3), 1980(5.9), 400(1.6), 2300(4.6), 3420(3.1),
3360(7.2), 5020(6.5) 3360(4.2), 4800(7.3) 5020(5.6)
o 240(1.8), 1480(3.7), 420(4.2), 2200(3.8), 480(1.6), 2200(3.1), 2900(2.6),
4600(7) 4400(5.7) 4250(4.6)
DO 500(1.6), 1650(4.2), 200(1.8), 1220(5.8), 560(2.1), 1520(4.2), 2980(2.9),
2960(2.2), 4900(5.3) 2820(3.2), 5000(6.4) 5150(5)
600(0.8), 1500(2), .
Al 540(1), 1000(1.3), 2000(2.3), 2700(2.1), gggé(zlg;) 1228&)1’92)400(1'7)7
1800(1.8), 4900(1.9) 3400(2.1), 4100(2.2), 4000(1'7)’ o
4700(2.2), 5200(2.2) ’
300(0.9), 980(2.1
Bl 500(1), 1000(2.1), 1800(3), 172(()(3 i’) 260(0(21, 400(0.8), 1240(3), 1800(1.9),
3500(1.9), 4800(3.2) 3300(2.1), 5100(3.3) 3420(1.9), 4620(3.2)
300(1.1), 1000(2.1
500(1), 1100(2.1), Y 'y,
cl 1800(2.5). 3500(1.9) 1700(2.2), 2450(2.3), 380(1), 800(1.2), 1180(1.8),
4800(3;; [ 3400(2.9), 3950(2.8), 1760(1.3), 3420(2), 4620(2.8)
' 4800(4)
1), 1020(2), 1
500(1.2), 1000(2.9), 3(?0( ), 102002), 1380(3),
1600(3.7), 3180(2.1), 240(1), 1000(2.2), 1660(2.2),
D1 1800(3.7), 3400(2),
A700(3.6) 3520(2.8), 4200(2.2), 2800(2.7), 4860(2.8)
’ 5000(3.7)
A2 800(4.9), 1500(7.5), 800(1.2), 1420(2.9), 400(1.7), 1200(2.4), 2250(6.7),
4800(6) 5200(6) 2960(5.1)
1080(2.6), 1800(3.2), 400(3.8), 1820(5.1), p
B2 A4600(4.3) 9940(1.9). 5200(L8) 800(1.6), 2500(4.1), 2950(3.6)
420(1.9), 1980(2.4),
2 1800(2), 4800(3.2 240(1.1), 1000(1.3), 2640(2
C 0(2), 4800(3.2) 5200(1.1) 0(1.1), 1000(1.3), 2640(2),
660(3), 1800(4.6), 200(1.3), 1000(1.7), 2520(3.4),
D2 1800(3.4), 4800(4.9) 5200(1.9) 9920(3.2)
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