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A Study on the Design Criteria of Anchorage Volume Considering
the Safety in a Anchoring Ship

Park, Jun Mo

Department of Navigation System Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In recent years in Korea, there is a shortage of anchorage due to
increased number of ship incoming harbour. Consequently maritime accident
rate increase in anchorage therefore in order to solve this problem, there
is an expansion of anchorage is being urged. However, the design criteria
for anchorage capacity does not have a standard for quantitative anchorage
design.

Accordingly, this research conducted following experiment in order to
offer and apply the anchorage volume design criteria.

First, presented the concept of occupancy volume of anchorage and
necessary occupancy volume of anchorage. In addition, through the
simulation method, developed algorithms to derive an anchorage capacity
and used program called MATLAB-SIMULKINK to conduct anchorage volume
analysis.

As a result of the simulation, a port that had highest necessary volume

_Xi_

Collection @ kmou



of anchorage rate over current anchorage volume as Ulsan port and its
ratio was 114.29%. Hence it demonstrated that enlargement of anchorage in
Ulsan is essential.

Secondly, defined necessary volume of anchorage as a dependent variable
and the number of ship incoming harbor, the number of ship incoming
anchorage, cargo volume, piper length of harbor, berthing capacity as an
independent variables then conducted multiple regression analysis.

As a result, it is confirmed that there is a problem with multicollinearity
and it is not applicable to be used as design criteria.

Thirdly, classified ports as A, B, C group, and set the necessary
occupancy volume of anchorage as a dependent variable and cargo volume
as an independent variable then conducted curve fitting simple regression
analysis. As a result, the research presented anchorage capacity design
criteria for significant port groups.

Lastly, predicted necessary volume of anchorage by applying anchorage
volume design criteria to harbor development plan. Consequently, in year
2030 for Ulsan and accompanied port, it is predicted that necessary
occupancy volume of anchorage over current anchorage volume is 149.5%
and 183% which analyzed that political support is required for gradual
enlargement of anchorage.

This study was to present anchorage volume design criteria though
utilizing simulation to analyze anchorage volume and conducting regression
analysis.

With this, the anchorage volume analyzing model using simulation is
significant in that this research tried to analyze the volume of anchorage
by similarly embodying the actual ship’ s harbor traffic system.

Also this research made it possible to review the volume of anchorage
from the planning stage for harbour development by revealing the fact that

the capacity of the anchorage and cargo volume has a causal relationship.

- xXii —
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Furthermore, by presenting a simple design criteria to make it easier to
determine the necessary occupancy volume of anchorage in harbor
development planning, it is believed to have a value in availability side.

This research is the first to attempt to investigate the design criteria for
determining necessary occupancy volume of anchorage. It is scheduled to
determine validity of the model applied to other ports in days to come.
Moreover, this research plan on designing anchorage volume by considering
the various variable when operating anchorage volume analyze simulation

algorithm and regression analysis in the future.

KEY WORDS: Design criteria; Occupancy rate; MATLAB-SIMULINK; Anchorage area;

Simulation.
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Table 3 The turning radius in accordance with the depth and length (UFC)

kol
31| 61 | 91 | 122 | 152 | 183 | 213 | 244 | 274 | 305 | 335 | 366
T4
3.1 151 1215|274 | 334 | - - - - - - - -
6.1 187 1 247 | 311 | 370 | 430 | 494 | - - - - - -
9.1 224 | 283 | 347 | 407 | 466 | 530 | 590 | 649 | 713 | - - -
12.2 2611320 | 384 | 443 | 503 | 567 | 596 | 686 | 750 | 809 | 869 | 933
15.2 297 | 357 | 416 | 480 | 540 | 599 | 663 | 722 | 809 | 846 | 905 | 965
18.3 224 1 389 | 453 | 517 | 576 | 636 | 700 [ 759 | 818 | 882 | 933 |1,001
21.3 257 1 402 | 489 | 553 | 613 | 678 | 736 | 796 | 855 | 919 | 978 |1,038
24.4 2751421 521 | 585 | 649 | 704 | 764 | 823 | 892 | 851 | 992 |1,079
274 289 | 434 | 540 | 613 | 668 | 722 | 777 | 837 | 905 | 965 |1,006|1,093
30.5 407 | 448 | 553 | 626 | 686 | 736 | 796 | 850 | 919 | 978 |1,033|1,106
33.5 432 | 462 | 567 | 640 | 700 | 750 | 809 | 864 | 933 | 992 |1,047|1,120
36.6 434 | 471 | 581 | 654 | 713 | 764 | 823 | 878 | 946 |1,001 1,061|1,134
39.6 448 | 485 | 594 | 672 | 727 | 777 | 932 | 887 | 956 |1,015/1,0743,348
42.7 462 | 498 | 608 | 681 | 741 | 791 | 846 | 901 | 969 |1,029 1,084|1,157
45.7 471|507 | 622 | 695 | 754 | 800 # 860 | 914 | 983 |1,038|1,097|1,170
48.8 485|521 | 636 | 709 | 764 | 814 | 869 | 924 | 992 |1,055/1,106|1,180
518 494 | 531 | 649 | 722 | 777 | 823 | 882 | 937 |1,006|/1,061|1,116/1,193
54.9 507 | 542 | 658 | 732 | 791 | 837 | 892 | 946 |1,015|1,070|1,129/1,202
57.9 517 1549 | 672 | 745 | 800 | 846 | 901 | 956 |1,024|1,079|1,138|1,212
61 531562 681 | 759 | 814 | 860 | 914 | 965 |1,038|1,093|1,148|1,221
(& m)
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Yr o] ggFA o] 3t 7]&7]&(The Overseas Coastal Area Development
Institute of Japan, 20094 A A|gF Fulx] HA|7|ES AHEH
A3 71Ee ALt vty AAVIEHR FLEE A &
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Table 7 Anchorage layout design criteria (Japan)
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Table 8 Comparative analysis of design criteria

AA
e A o] ANk 9 AA A E AR
2 |- ABRAMm) =L+ 6D AFE)
B} =L+6D+30(H d &%)
USACE |- A3 2 A (m) =
oI UFC |- Ad} dojo} 4o w2 Fubde] A3nbgd s B2 A A
- A3 WA (M) =L+6D(A A 3 (7)) - FAlL 60mE gx
gz =L+6D+30(A 4 EZF(Dcd7]) Rofor s, A=Y
=L+6D+90(ZF% 20m/s(7d ¥h) 79 3m~4me] o f
=L+6D+145(F<% 30m/s(% Bh) A B8
394 (m)
= BE FAg & oFfFA dolo) 25~50%) + 7154
of M AFAE + 4AE% Bajdo] + Hdubdo] + OW o frA g
(duF Aol o] 10%)
- FH 7bsAC mE AR
50l A T 35 | WAARE AH Fsm) | AAA-E FE BFHm)
10m/s o] &} 0 30
20m/s 60 90
30m/s 120 150
30m/s =3} 180 210
T
- B3 del(m) = \/(D+h€>(2;—(D+h€>>
- A3 (m) =L+5D+30
PIANC
-ubg 9 Ao g AFAE 2H JIEH TY
- A3 WA (m) =L+ 6D(AH F%3)
oy =L+6D+30(A A E=)
= =L+3D+90(F% 20m/s o} %)
=L+4D+145(F % 30m/s °}z1%)
- AW A(m) =L+3D+90(F8 <7)
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=L+4D+145(Z% >7)
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Table 9 The scenario for comparison of the design criteria

I ATIRENY gukA &4 =4
- AFA R E(6,000GTH) -4 30m

- Ak Ao) - 117.2m - F< ¢ 10m/s, 20m/s

. MHEFE . 17.8m - A mud(R S

Table 10 Ship’s turning radius in according to the anchorage design criteria

Zazr 10m/s¥ 20m/s
A= A3 (m) A3 (m)
o2t 297.2 297.2
USACE 351.6 351.6
o=
UFC 614.7 614.7
= 297.2 387.2
29 el 246.9 306.9
PIANC 267.2 327.2
dE 297.2 387.2
= 237.2 382.2
— 93 —

Collection @ kmou



800

i Ry X WA o o W o
of T T NI B A
: . P 2z LExlz <=
r T 2o 37w BJ
— m & o _,_umﬁ mﬁﬁn% _ur%
o ) = ~J o A =) R um..o s B
@ R 5l M E ) oy Wﬂ o -+ RO mio =
= ) 7O —
~ 7 & = = B g o o ) ® M
& < @ b %) T m_wo ZT_ ‘_.I.W = _:_H
Tey = O < ofy £ G Wo N B T
< o o X S i ~ <
2 S \\ A\ kTl T
: G & T iwge pEZwat B
o e IR I 6N
X o Bl o e g @
e\ e N AT . I o
ST T E Y a2l e T E
L= -~ «© ey ) = m T = oF B! i e N
5 O oo o T T o 2N
: SN\ A Al O e B
b m T8 D of B N T
~ d 2 £ k! w 1 R )2
SN\ T S A
R BTe . L) by P2 E oo R =l 5
o Ay & e H KB R o 2 N
L & ~+ oF ! T U " NOH R —
SN\ LA T G
& | ok LU Wﬁ NN N B! = ,Emﬂm B )= c\._tﬂ_w Mﬂ_
: = 5 = W UMY oK LR wT B
@ . S 3 x wEE wE FT TR MW
R ~ )
Wikl i T O < o~ o o ™ oW T o
%0 S T R K

1ol

3} 2

2wk

oA Abu i

o,

H| &

Collection @ kmou



3
LU

2 AA7]

T

2.2.3 A Fejol o

Ll
F0

e

ﬂ,ﬂ

Hlo

F

°

o7

o g

5

A 1%

wr

o

B97) g

1

._OL
w
ol

3t7]

gn

o4 Fig. 63 2ol

N

)

—_
o

,@0
ob

e

il

[0

,@0
ob

o)

al
ZO

7 2.

[e)

=1

b o}

°

aef

e}

=

HHE e w2 Ul

°

Fig. 6 The assignment method of anchorage

Ak, 2014)

Collection @ kmou



2231 @ IS FuA AR L4

G AT A A gAe e Aol Usks Fol AFEA HUNT 5
glol ek stusl sbsstel, AuAe) sjgzzlel F3 uhEe] uheh Aukel
AL AAsA 24T 5 Aoks Al dth SAw gupdee] Hw
B el AREA AMET BU Pux Es WA B Aux
ARy g W e vk ookl g Aus st Py H9

5 gtks waol

4% M AuA

Fig. 7 Anchorage designated as simple group anchorage

2232 A AAs 48 FAAE TFHE B4
B Eee WS (Y v o 49

3
g ARsE FAolth ot Mg AUATUL AFT A AT 5

e}
o
)
N
o
o
o2t
o

fo oxl
oo ox Il‘;l\:, fr 12 o

)

=2
- 8

u

)

1)

A

it

Mmoo

a1

2

o

u

Ao

of

et

ot

A= AAo] itk o

Collection @ kmou




Fig. 8 Anchorage designated as simple group anchorage and circle anchorage
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1Ll g v | g @A A
A (GIT) (m) |or ¥ (m) | 78 2]
E-2 10,0005 | 8.0 400m sand 43
E-3 10,0008+ | 6.1 400m sand 43
E-4 50008% | 110 300m | mud 43
E-5 50,0005 | 11.0 300m | mud 43
E-6(1]4th 1) 20,0008 | 110 300m | mud 43
A-3 200085 | 48 300m | mud 43
o] A-4 200055 44 300m | mud 93
=l A-5 2,00085 | 4.0 300m | mud 43
2 A-6 4,000 |~ 6.0 300m | mud 43
A-9($-A o) - 14.6~14.4| 1.16km* | mud At
Q-1(#4)  |5,000~50,00055F | 6~12 900m | sand 43
Y-1 76,00053 | 20.3 - sand Hek
A1) 7] A uk=) - 23~28 | 6.77km* | sand A
A2t 7] A B} =) - 10~30 | 39.76km’ | sand At
A 3t) 7178 vhA| -1 7.6~20 | 10.77km* | mud ==y
WP A ukx] 150,0008% | 13.0 | 4.81km”* | sand e
3 50,0005 | 10.0 450m | mud
% d A 30,0008 | 12.0 300m | mud 43
¢ 30,0008 | 8.0 300m | mud
o IS I RE1 5 150,000 | 22.0 900m | sand 43
A W= AR 150,000+ | 220 | 8.77km* | mud At
5| E2E X 150,000 17.0 | 2.25km* | mud A
AA kA 50.00085F | 10.0 500m | rock 43
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9] Aubg 59 | $4 | WHEn) uA]
E A=
2| (GID (m) |or ¥F4(m) A A w12
Al A 6,000 | 9~11
A2 1 6,0005F | 12~16 | 5.00km’ | sand |AT+ZE
A3 T 12,0005 | 19~23
Ad Al 6,000 | 26~27
2 2.44km? | sand | A TH+Z I E
A5 - 20,00055 | 25~29
A6 6,000E5 | 33~36
e A7 A 6,0008 5 | 31~32
A A8 3 20,0005 | 32~34 | 827km’> | sand A eH+Z O E
“z‘SOL
A9 T 65,0005% | 33~35
A10 65,0003 | 26~33
QS - | 23~38 800m | sand | Ao+ &
All 65,000& o)A | 32~36 600m sand 43
Al2 65,000& o)Ak | 29~31 600m sand 43
Al3 6,000% o]3F | 12~14 300m | sand A3
Al4 12,000& o]s} | 29~35 350m sand 43
1 30,0005 F 12 250m | mud A3
2 30,000 F 17 250m | mud A3
= 3 30,0003 18 250m | mud A3
3z 4 10,0003 15 250m | mud A3
& 6 10,0005 15 250m mud A3
7 30,0003 18 300m | mud A3
8 30,000&F 15 300m sand o4
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£ W % Autrg 59 4| \AKm) 4

] (GIT) (m) |or ¥H7E(m)
9 ukz] LO00ESF | 10 - mud
10 Aukx) 300057 8 - mud
11 Aubx) 300085 | 13 - mud
K-12 A=) 50,000& 3 9 0.50km* | mud
oj K-13 =] 50008 | 11 1.14km* | mud
; A 79 4 8m| 12 3.84km* | mud
B 7+ < 1lm| 13 5.59km” | mud
B3 C 79 54 13m| 14 2.19km* | mud
W Ty 54 145m | - 17 7.07km*> | mud
T D-1 gurx) &% 16m| 26 | 24.12%km’  mud
D-2 AHkz] <4 16m 20 700m mud
178 Aukx] &4 145m | 17 700m | mud
279 Aukx| & 145m | 26 1,000m | mud
E-1 500085 | 10 - mud
E-2 10,0005 <%+ | 10 - mud
0-2 3,000&F g 8 0.61km> | mud
M-7 10,0005 vz 11 - mud
T M-8 10,0005F o4 12 - mud
i M-9 10,0005 ©%4| 14 - mud
) K-3 20,0005 wvk| 18 - mud
N-1 1,000EF v]g 15 2.72km* | mud
N-2 1,000~3,000 | 18 2.30km? | mud
N-3 3,000~10,000 | 19 6.67km* | mud
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4 Auteg 59 Fal | AEkmd) gk
A ° A (GIT) (m) | or ¥-73(m) e A
& T2 10,0005F | 26 300m | mud | 93
;j T3 10,0005 28 300m mud 43
S1 - 15 3.84km° | mud qe
% S2 -1 20 7.09km’ | mud e
3} 3 - 16 6.35km’ | mud et
& sS4 - 22 9.39km* | mud qe
S5 -] 26 5.88km” | mud At
A-1 10,0003 o3} 27 280m | sand 4
A -2 10,0003 o3} 23 280m | sand 4
A -3 10,0003 o3} 22 280m sand 43
A -4 10,0003 o] s} 18 250m sand 43
= A-5 10,000=+ ©l3t 15 250m | sand 4
3 B-1 50,0008+ ©] 3} 33 400m | sand 4
5} B-2 50,000 ©ls} | 40 400m | sand 4%
B -3 50,0003 ©]3} 27 400m | sand 4
= Q/S - 35 500m | sand AH
=A-1 500085 o3t | 20 200m | sand | A
oA 5000 o3| 20 | 200m | sand | U
A - 5,000&3F o]s} 18 200m sand 43
B-1 10,0003 |3} 25 250m sand 43
B -2 10,0003 o3} 22 250m | sand 4
QIS - 16 500m | sand Rk
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Fig. 12 The location of Incheon anchorage
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Fig. 14 The location of Daesan anchorage

)Collection @ kmou



!
|
!
i
!
]
i
rod Ol ALE| él’éf
9

KRAF4
) o

Fig. 16 The location of Janghang & Kunsan anchorage
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Fig. 17 The location of Yeosu & Kwangyang anchorage
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Fig. 18 The location of Busan anchorage
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Fig. 19 The location of Ulsan anchorage
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Fig. 20 The location of Pohang anchorage
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Fig. 21 The location of Donghae & Mukho anchorage
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Table 17 The summary of Consultation outline
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Table 19 The criterion of one-sample Kolmogorov Smirnov test

A4 A A 7V AZE W
p > 0.050]H AF7HAE A€
D p-%k

“h = 0o® AT A

h NaAFE
-h = 1& AF7HE 712
ksstat A8 AT - ksstat < cv o]® FEAA e
cv 712+ - ksstat > cvol® FF7Hd 7%

One-sample Kolmogorov SimirnovE AAlae]  Aul =2 3+ A7317 9
TFAEEe o|Ed FAREEX T AFEEddY FHEEX IY=ZE
EEetden, I Af(s FE A AAsATE = T OFAHEEY
T gEe g sAHF &4 A= Table 209 2ot

Table 20 Statistical analysis of the inter arrival time
A EF
. .| " S aaz an
) O | p ¥ | (AR o
a3 AP

+4H) El 1.76 0 0.06 0.03 0.03 AF7HE A

<4k E2 27.72 0 0.93 0.04 0.11 AF712 A=

<4k M2 11.40 0 0.63 0.03 0.05 AF7HE A

<4k M3 15.42 0 0.23 0.04 0.06 AF7HE A

53 S4 9.31 0 0.15 0.04 0.04 AF7HE A

3 S5 11.54 0 0.54 0.03 0.05 HEF7HE A4
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A
h ksstat
i L cv HaAds A
) 2 | p ¥ | (A% -
a5 5%

F4ke M9 72.17 0 0.17 0.10 0.12 AF7HE A=

B4kg N2 6.99 0 0.33 0.03 0.04 AF7HE A9

o3 ATHY 12.05 0 0.79 0.02 0.05 AF7HE A=

o8 W79 9.10 0 0.43 0.03 0.04 AF7HE A=

5323 10 41.73 0 0.60 0.05 0.09 AF7Hd A9

5323 11 23.31 0 0.88 0.03 0.07 AF7HE A9

33 B2 72.00 0 0.44 0.08 0.12 AF7HE A=

s3a QS 60.57 0 0.36 0.08 0.11 AF7HE A=

th4kek A2 9.79 0 0.84 0.04 0.08 AF7HE A=

th4kek A4 29.93 0 0.29 0.08 0.10 AF7HE A=

HEdd = 22.50 0 0.64 0.07 0.12 AF7HE A=

HEgt AekA 9.65 0 0.33 0.06 0.08 AF7HE A=

1xg W10 75.39 0 0.43 0.08 0.13 AF7HE A=

g W1l 79.01 0 0.20 0.10 0.13 AF7HE A=

Ha AS A3, Ee ZHA A AFTHEEEA =2 3F A RExe
Aexet wolstth)e] A web AFEkA] =& 3 A4 HY
5% FolFEdA AFREE BEE o= FAFHAT

ol AFRES g EAES dotRr] fsiA AFFFE FHEX
g2 FdstA A (159 2o
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Table 21 Statistical analysis of the anchorage dwell time

SAF
) 2 o h ksstat o MRS
& | mx O p & | (HEA (7] 7re) A3}
w2y |z A A=)
=2+ El 246 | 1.24 0 | 0.80 0.02 004 |AF71E A
<4k E2 2.65 | 1.28 0 | 0.37 0.04 0.07 |AF7HE A H
<4k M3 2.32 | 1.24 0 | 0.27 0.05 0.07 |AF7HE A H
<4k M6 1.96 | 1.24 0 | 0.72 0.03 0.06 |AF7HE Ad
Z3g S3 3.25 | 1.09 0 | 041 0.04 0.07 |AF7HE A H
e S4 2.84 | 1.30 0 | 0.19 0.04 0.05 |AF7HE Ad
FAHE M9 2.49 | 1.09 0 | 0.53 0.07 012 |AF714 A
B4k N4 2.46 |+ 1.17 0 | 0.06 0.06 0.06 |AF7HE Ad
o3 ATY 1.52 1.12 0 1 0.90 0.05 011 |AF7HE A9
kg K1 2.27 1.40 01021 0.11 015 | AF7HE A4
=33 10 1.91 | 0.80 0 | 0.25 0.07 0.09 |AF7HE Ad
5323 11 2.15 | 1.01 0 | 0.42 0.05 0.07 | AF7HE AH
3l B2 3.30 | 0.99 0 | 0.37 0.08 012 |AF7H2 A9
sl QS 256 | 1.14 0 | 0.52 0.07 011 |AF7H2 A9
th 4k A2 2.60 | 0.14 0 | 0.15 0.07 0.09 |AF7HE AE
4+ A4 2.68 | 1.09 0 | 0.20 0.08 0.10 [AF7HE A9
HeYg = 1.66 | 0.25 0 | 0.10 0.12 0.15 [AF7H A9
BEla AAkA 3.20 | 131 0 | 0.21 0.06 0.08 |AF7Hd Ad
AT W10 212 | 1.34 0 | 0.82 0.06 012 |AF714 A
AIHgr Wil 248 | 1.20 0 | 0.38 0.09 014 |AF71E A
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Table 23 General dimensions of cargo ship

AstsFEaT | AE Aol T AE T
(DWT) (m) (m) (m) (m)
1,000 67 61 10.7 3.8
2,000 82 75 13.1 4.8
3,000 92 85 14.7 9.5
5,000 107 99 17.0 6.4
10,000 132 123 20.7 8.1
12,000 139 130 21.8 8.6
18,000 156 147 24.4 9.8
20,000 161 152 25.1 9.9
30,000 182 171 28.3 10.5
40,000 198 187 30.7 11.5
50,000 211 200 32.7 12.4
55,000 217 206 33.6 12.8
70,000 233 222 36.0 13.8
90,000 251 239 38.7 15.0
100,000 259 247 39.8 15.5
120,000 274 261 42.0 16.5
150,000 292 279 44.7 17.7
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Table 26 Technical analysis of the occupancy volume of anchorage

AHA &F 7le 24 oo aul
g BEA] 24 A) Aulz| B A
Bt FEHA %
&7

kAl &= 10,410,000 2,510,000

El A=A — . 15,430,000 | 11,665,000
E=2xk 17,397 12,302
Ak &% 6,690,000 2,728,000

E2 A — . 12,146,000 | 8,054,000
E=2xk 31,453 22,243
Ak &% 8,884,000 3,900,000

E3 A=A — . 16,684,000 | 10,834,000
EF2xk 54,567 38,590
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Table 30 The simulation result of Pohang anchorage occupancy volume

BupA 8% 7% BA NP
HUe HA = Z) 8z
- T'g:ﬂ- E%J—E _]— -"]EH o ] %%]:
|&F
Auba] &= 10,161,600 2,779,200
2005 15,720,000 11,551,200
EFoxt 12,916 9,133
Auba] &= 11,434,300 3,449,835
2010 18,333,970 13,159,218
EF0x 14,857 10,506
Aukz] 85 13,030,757 4,929,851
2014 22,890,459 15,495,683
FFx 20,479 14,482
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Fig. 50 The CDF analysis of Ulsan anchorage occupancy volume

Table 32 The simulation result of Ulsan anchorage occupancy volume

Zqﬂl—x] %%}: 7]% HA

o

=

= 7 = 2] 8} X
7 RS 7 AR &
£
A upx 22,771,268 2,530,104
2005 27,831,475 | 24,036,320
TEL 10,780 7,623
el 25,092,457 4,408,410
2010 28,909,278 | 27,296,662
qES 20,928 14,798
el 35,791,200 6,951,636
2014 49,694,472 | 39,267,018
TZo3 29,338 20,745
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Table 34 The simulation result of Busan anchorage occupancy volume
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Fig. 52 The CDF analysis of Kwangyang anchorage occupancy volume

Table 36 The simulation result of Kwangyang anchorage occupancy volume

YA B o) B wa g
HUe HA = Z) v} X
K S L A T
|5
Aukza] g5 19,130,514 3,765,315
2005 26,661,144 21,013,172
EFox 8,959 6,334
Auka] g5 23,285,571 4,715,177
2010 32,715,926 25,643,160
FFx 10,173 7,194
Aukz] g5 27,464,915 5,879,130
2014 39,223,175 30,404,480
FTFx 11,749 8,308
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Fig. 53 The CDF analysis of Daesan anchorage occupancy volume

Table 38 The simulation result of Daesan anchorage occupancy volume

o g 7% B wa e
|s 7 At} Aurx
- Tgﬁ- = _]_ -”]EH o= ] %%]:
83
kA &% 4,356,754 1,492,264
2005 7,341,281 5,102,886
EFA} 9,368 6,625
kA &% 8,095,850 2,324,580
2010 12,745,012 9,258,142
EFA} 12,560 8,882
kA &% 10,702,800 2,860,140
2014 16,423,080 12,132,870
EFA} 13,496 9,543
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Fig. 54 The CDF analysis of Donghae anchorage occupancy volume

Table 40 The simulation result of Donghae anchorage occupancy volume

Ao 8% A% 24 wa g
SR 7 A Aurx
8%
Aukz| & 840,871 119,272
2005 1,079,417 900,508
xF2t 18,247 12,909
Aukz| & 1,382,763 172,299
2010 1,727,363 1,468,914
xF2t 23,505 16,627
Aukz| §F 3,137,565 301,356
2014 3,740,277 3,288,243
xFt 17,224 6,534
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Table 45 The research of dependent and independent variables

F&u =guel
T o | e A gw 9% A | g o) | Heksd
A &% Aup Qg BEY
(m?) @ @D m | @)
2005 | 11,551,200 9,043 4,044 | 54,692 9,231 44
Zggk | 2010 | 13,159,218 8,968 4,349 | 63,108 | 11,062 52
2014 | 15,495,683 6,783 3,863 | 65,241 | 11,551 4
2005 | 24,036,320 | 25,710 | 11,848 | 162,414 | 15,432 91
<4k | 2010 | 27,296,662 | 25,543 | 12,682 | 171,664 | 18,038 100
2014 | 39,267,018 | 25,717 | 13,001 [ 191,717 | 19,948 114
2005 | 23,769,845 | 48,343 | 11,592 | 217,217 | 19,948 113
FA4ke) | 2010 | 28,974,083 | 52,511 | 11,174 | 262,070 | 30,609 162
2014 | 30,980,037 | 47,718 9,783 | 346,590 | 29,285 123
2005 | 21,013,172 | 21,713 | 11,255 | 177,483 | 14,790 70
FFa | 2010 | 25,643,160 | 22,915 | 11,924 | 206,691 | 19,158 88
2014 | 30,404,480 | 23,371 | 12,529 | 253,256 | 24,645 101
2005 5,102,886 4,884 2,794 | 44,720 140 19
th4ke}t | 2010 9,258,142 5,729 3,168 | 66,122 600 23
2014 | 12,132,870 7,171 3,840 | 72,900 7,915 29
2005 900,508 4,806 581 | 19,923 4,553 21
83 | 2010 1,468,914 3,696 844 | 28,030 776 7
2014 3,288,243 4,225 1,093 | 32,540 4,407 23
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Table 50 The comparison of ship’s type incoming harbour
aut

o -2k Z3% =4t BF o 4k 53l
o 2 3,250 21 5 4 0 98
A=A 1,170 1,450 611 2,061 129 569
AE R 2 0 0 0 0 0
AHE ERbA 338 167 271 449 0 506
&2 SR 313 26 677 631 0 0
st R 31 96 54 76 0 0
ey 1,153 0 0 0 0 13
Rl el 4,915 2,449 1,628 3,244 109 1,068
< ey 14,792 294 1,767 4,222 325 36
Al AE el | A 349 8 16 9 1 4
AfF R 670 8 548 569 226 0
AFAAF a0 10,180 1,045 | 10,446 6,721 2,870 527
ArZ EHkd 1,111 39 4,779 2,294 2,216 12
LPG, LNG &R/kA 183 0 1,084 1,115 743 0
o] A 1,097 0 1 0 0 202
4A 39,554 5,603 | 21,887 | 21,395 6,619 3,035
(9 A1)
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Table 59 The calculation of anchorage design criteria fitness
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