A Study on the Safe Navigation Plan by Construction of

the Immersed Tube Tunnel across Gaduck Channel
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A Study on the Safe Navigation Plan by
Construction of the Immersed Tube Tunnel across

Gaduck Channel

Lim, Min-Young
Development of Maritime FPolice Scrence

The Graduate School! of Korea Maritime University

Abstracts

It is first planned in Korea, the construction of an immersed tube tunnel
across the Gaduk Channel. This research 1s on the safe navigation plan to
prevent any sea-traffic accident from the establishment of the immersed

tube tunnel across Gaduck Channel, a specific seaway for safe traffic.

The following investigations must be preceded for the research of the
safe navigation plan. There are weather conditions like wind, typhoon,
temperature, fog and precipitation, and marine conditions including a tide,
ebb and flow. Throughout this sort of study, it became possible to conduct
the proper seaways, traffic analysis of ships, and future traffic estimations.
For these purposes, marine traffic data were collected such as the marine
traffic patterns, vessels’ moving directions, and their velocities of the sea

traffic on the Gaduck Channel.

The main result is to set up the preliminary conditions for safe marine



traffic and its construction, establishing alternative plans for commencement.
Finally, the dredging area was divided into 3-sectors, and the safe
navigation plan was applied during the constructions period. The purposes
of this research are to investigate marine traffic congestion, to establish
temporary seaways and to suggest the optimal safe navigation plans.

Also, the main results of this study are as follows, to decide the correct
location of light buoys, and verify the safety of navigation with a

vessel-navigation simulation on the temporary seaway.
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1. PREPARATION

CRANE BARCE

TRENCH IS READY,
EXCAWATION FOR TEMPORARY SUPPORT
PADS, LEVELLED WITH QUARRY RUN.

l@ INSTALLATION OF TEMPORARY SUPPORT PADS

vl

TEMPORARY SUPPORT PADS

M mem mAm W
®

@

2. ELEMENT TOWED TO POSITION

IMMERSION RIG

INMERSION RIC

=2 .

©
L

-

BACKFILL AN[
ARMOUR STONES

LOCKING FILL
"

CUIDE FRAME

1}

ALICNMENT TOWER

TUG BOAT

3. IMMERSION

S Z

(@) CRAVEL BED FINISHED
@ ELEMENT TOWED TO POSTION AND

SECURED FOR IMMERSION.

(B ADD BALLAST WATER TO 1% ELEMENT OVERWEIGHT.

{1.44m IN ALL OUTER TANKS, HORIZONTAL ELEMENT

GUIDE ARM
(PRIMARY END
~

SECONDARY END EMPTY BALLAST TANK

W T Il

I

4. DEWATER IMMERSION CHAMBER

CATCH GUIDE BEAM WITH GUIDE FRAME AT
PRIMARY END AND SUPPCRT ELEMENT CN
PREVIOUS ELEMENY BY TEMPORARY CORBELS
ATIACHED 10 END CF INTERNAL WALLS.

@ IMMERSE ELEMENT STEFWISE DOWN AND
CLOSER TO PREVIOUS ELEMENT,

@NNUST SECONDARY END OF ELEMENT WITH WIRES TO
FINAL POSITION AND PULL IMMERSED ELEMENT
AGAINST FREVIOUS ELEMENT,

@ DEWATER IMMERSION CHAMBER.

(D EXTRACT HYDPAULIC JACKS TO SUPPORT ELEMENT
ON TEMPORARY SUFPORT PADS.

Z
—

<OE 2-12> Al3=ME1
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{2 CHECK AND ADJUST VERTICAL POSITION OF SECONDARY
ENT END OF ELEMENT BY VERTICAL JACKS.
5. ADJUST ELEM TO FINAL POSITION 3 CHECK AND ADJUST HORIZONTAL POSTION OF

SECONDARY END BY JACKS IN IMMERSION CHAMBER
@ LIFT ELEMENT IF NECESSARY DURING ADJUSTMENT IN
13 NOT TO SLIDE SIDEWAYS ON THE HYDRAULIC JACKS

i

@ ADD BALLAST WATER TO 6% ELEMENT OVERWEIGHT

(3.94m AVERAGE IN EACH OF THE & TANKS,
6. BALLASTING FOR SWELL WAVES MAY, 4,53m AT SLOPE 5.204% OF ELEMENT.)

B FILL GROUT BAGS FOR FAST INSTALLATION OF
CENTRAL FOUNDATION SUPPORT AS REPLACEMENT
FOR CENTRAL JACKS,

&3 REMOVE INMERSION RICS. WIRES, TOWERS AND
OTHER MEMS ATTACHED TO THE ELEMENT.

I

@ PLACE LOCKING FILL STARTING AT THE CORNERS

7. START PLACING LOCKING FILL USING CRANE BARCES.

@ CONSIRUCT GROUT BETWEEN ELEMENT BOTTOM
AND GRAVEL BED.

TRENMIE PIPE

i

8. BACKFILL ON ROOF 0 PLACE BACKFILL FOLLONED BY ARMOUR STONES

BACKFILL AND
ARMOUR STONES

T

<3 2-13> Al3E=ME2

Az - “Fo-AMZE AZ 2 HofEHYE dAY AST, RAU7IEEE M3
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- Trailing suction hopper dredger
- Gross tonnage: 18,091ton
- Length overall: 156m

{_ 45m from waterline

0m from waterline
=

L. 6

o|
5
3
H
E
S
©
-

<32l 2-14> Trailing suction hopper dredger2|
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- Speed: 374kts
- Breadth: 28m

2. FAAY sHAF

ol
Bl
T
ﬁo

o}
i

=K

N

<29 2-15>, <19 2-16>3 #t),

N

—

=

==
TA42d

Fa79) 159 F7;

N

A] o]& &= 3T4kts

NI

g

°F 30,000m

A

A}

p

e

]
L
1
1

[RLATI RN N

e

ol Kt

70m

30m

_27_



14ase e

S

3.1

3.1.1 3l

Aol A 279 A

o] &

4= skeh

3

3

G2}

be 224 =)

5} 5

o

o
g

xX

o
K

Jo

7]

)

o

i

Nd

2
o
B!

o)
0

ol

RELEREREE

9]

3.1.2

or
B
TP
B

o
o
e

o}
73

A

17

|

-
o

el A a

o

W

;00
N
|

el

Zl

gz o o

A,

ol
oS

I

—_
o

ol

ol

Frol Ao AAFA

%

2w opje}

X

&
ol
o
w
el
el
A
g

X
,_umo
ol
i
n

,_umo
B
Mﬂ
il

Ho

3

o
o
T

~

0

o]
~

o)
_ﬂH
sl

——
"o
~

,_lryl

o
i
|

=3

=
T

xX

oy
o
v

7A

)
xr
il

—_—
o

—

o

]
iz

)

—_
o

_28_



B
or

;OL
22!

X

jze]

il

Ulo

T
O

ﬂ.
OO
~

;OO

Y
)

F AAIAE, ¥

)

ge 9

i
X
O

il

—

-

o

X
oF

~

N
,_umo

o}

el
e
,_umo

=y

N

mJ

i

ot
oF

o}
Tt
o

™

—~
o

%

el

=3
3. FH

%317

Mo

s 0]

3

=1
P

o A7)

el

X

sko] Adub=7],

S

P v, wekd wEddgE a5

)

A
S

o
el

o
o
AW

w
A

L
o

A

el

.
o

fvzel

N
el
!
o
o)
Gl

%)

7A

W by

ap

]

o gsevh ol

.TU\_
_Zrl

il

~o

i
=l

el
=
all
oy
ol
"

)

o WE

ol
S

3l

S

A #tt

9

717F b
313 794 =

[e]

]

Ry

]
i

CEREEIEE

5t 7]

NIF

ol

w

el

ze)

il

bol %

AN

29 AR BA

5}

2418

ol

B
_ﬂo

_ﬂo

I

N
o
o
el

WEEAU G FoA e sEet 24

e

)

A7 41 (2003.12)" 2]
L A el

=R AAAA

Hj %]

o)
Gl
X
_ﬂo

o

N
a}]

R

4% vehia

3}

o)

A

al

=
T

v5d =

o
T

<a¥ 3-1>

;00
_~
uHO
AL
OO

M
wr

<

-

)

=)
or
)

)A
)

—_
o

,_umo
o
=
T

o

H] 1l

—~
o

To
NI
]

~
;OO

A

o)
%

P
T

[
=

2 37 67HA 2 T2

Fo.

NIl

ojn

)|
A
N

_ﬂo

ol
e

7A
o

_29_



<Jg 3-1> ™A

(]

S opo

®

[

ol 7hg

_30_



%7

2. 7k9 = FH s golA 9 AIS

vt

JJJ
i

._00

ol A 274 F-E 29U 7} A 9

Nfo

3-3>3 Ztt.

<Y 3-4> 9} 7).

AlS 2% (2006.8.27-29)

oq
o4

=
o

Tl

<d8 33> JtdE F

_31_



2 34> 7}

<

_32_



am-._o

H

o}
o

3.2 3

%0
A
o
o
E!

!

)A

o]
=
=
oy

PORT-MIS 9]

-
R

ol A A5 st

=]
T

s

Aol A vk,

P
T

3

=

o] A 2005

R 20006 8,178

3

2

w3 37 6

bt
HH <9 3-4>3 o]

]

135476 0.2 F7}

WA A 0w

N
=

3-1>3 o]

A
It

<2y 3-5>3 <

ﬂ..\,_wo

i

2000 B 20059 7kA o 7] 3

2 2006 =9

e

boich  whekA

g%

1&

7+ A

26.13% = 7k

BR

oy

Nlo

= O
3T
H Ao

H] &2

d

A

~
;00

£59
75,0007100,000E & & ©7] 0.01%% 7}

1,00073,000

Hl& &

1} o
A=

A

_33_



——2000
——2001

2003

—¥=2004
—8—2005

= =2002

4,000

3,500

A 3,000

2,500

=13
=L
X

21500
1,000

== 2,000
|

500
%

30%

o o

_34_



o= 7} %33
] 2000 | 2001 | 2002 | 2003 | 2004 | 2005 Ein
FEF(G

1] & (%)
A 8,178 9,092| 9,669 9,787 11,744 13547 100.00
100% vt 1,765 495 519 736 867| 1,456 8.66
1007500 2,185 2413| 2270 2,111| 2566 2,853 2225
50071000 943 1,909 2322| 2335 3,192| 3496 24.72
1,00073,000 1,623 2,360| 2507| 2636 3,151 3524| 26.13
3,00075,000 482 578 626 633 587 593 5.35
5,000~7,000 222 272 322 267 292 247 2.45
7,000~10,000 486 599 560 558 536 650 5.19
10,000715,000 88 129 177 121 129 282 1.58
15000~20,000 70 64 85 71 89 92 0.74
20,000725,000 37 25 22 43 59 52 0.40
25,000730,000 2 61 88 72 54 66 0.61
30,000750,000 121 96 101 118 113 114 1.00
50,000~60,000 73 79 60 81 105 117 0.84
60,000~75,000 6 12 10 4 4 5 0.05
75,0007100,000 0 0 0 1 0 0 0.01

2) e dvt SEM wEHF F4
PORT-MIS®] wiik, &) 2 @ o] Y3ate A8 wekds 7122 7Y
TLEE e wETHFs FASAY. B 63 el g FAE v
Fite FARFES HATAA FA-AAE AdEd FAFZIEA 20063 H-E
2009@ 7k 9] dRE sFEA Y odd wEFe <y 3-7>, <% 3-2>7 Zn
o 4 WE LS 2006 14,1817, 20099 188232 o2 ety AHE¥ BAR
Po AFrgola, AAAFEE 0933608 AR FAS & wdas= Ao

2 ekE A
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/
< 7303100944

R? = 0.9336

L L L L L L L L L

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
dE

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

8,178 9,092 9,669| 9,787|11,744|13 547 - - -

8,049 8,845 9,721|10,683|11,741|12,903| 14,181 |15,584|17,127| 18,823
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2008 2009
of 3} | F 7 | oz
47 100.00 14,181 , 17,127 18,823
8509 5,672 9,351| 6,233|10,277| 6,850|11,294| 7,529
100& w] gk 8.66| 738| 491| &810| 540 891 593] 979| 652
1007500 22.25] 1,894| 1,262| 2,081| 1,387| 2,287| 1,524| 2,514 1,675
50071000 24.72) 2,104| 1,402| 2,312| 1,5641| 2,541| 1,693| 2,793| 1,861
1,00073,000 26.13| 2,224| 1,482| 2,444| 1,629| 2,686| 1,790| 2,952| 1,967
3,00075,000 535 456| 303| 501} 333| 551| 366| 605 403
5,00077,000 245 209| 139| 230| 152| 252| 168| 278| 184
7,000710,000 5.19| 442| 294 486 323| 534| 355 587 390
10,000715,000 158 135 90 149 98| 163| 108| 179 119
15000720,000 0.74 63 42 70 46 7 50 84 56
20,000725,000 0.40 35 22 38 25 42 27 46 30
25,000730,000 0.61 53 34 58 38 63 42 69 46
30,000750,000 1.00 86 56 94 62| 104 68| 114 75
50,000760,000 0.84 72 48 79 52 87 57 96 63
60,000775,000 0.05 5 3 5 3 6 3 6 4
'75,0007100,000 0.01 2 0 2 0 2 0 2 0
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2006 2009
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6 TEUO| % 10 8 18 4.04] 35 | 24 | 59 4.15
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<E 3-7> detq=2dY F20/AHE X V=S EF
o 3% # 20147 2] (m) T %8 < (H/hr)
e Hukz)
o] 8knots | 10kts | 12kts | 8kts | 10kts | 12kts
(m)
100GT 20 245 283 320] 6047 6544 69.45
o 1007500GT 40 491 567 639] 30.18] 32.66| 34.78
; 50073,000GT 70 859 992| 1,119, 17.25 1867 19.86
3} 13,00075,000GT| 100 1,227, 1,417 1598 12.07] 13.07] 1391
A% 5,00077,000GT| 115 1,410 1,630 1,838 10.51] 11.36] 12.09
¢ 7,000710,000GT| 130 1,594) 1,842 2,078 9.29) 10.05] 10.69
10,000GTel% | 150 1,840| 2,126 = 2,398 8.05 8.71 9.27
2,000 TEUH 180 2,208) 2951| © 2,877 6.71 7.26 7.72
71| 4000 TEUH 240 2,944 3,401| 3,836 5.03 5.45 5.79
H 5,000 TEUw 270 ol e P ) 4.47 4.84 5.15
;] 6,000 TEUH 300 inasl!” gyl 4.03 4.36 4.63
A | 8000 TEUw 340 4,170, 4,818] 5,435 3.55 3.84 4.09
12,000 TEUw | 400 4906 5,669 6,394 3.02 3.27 3.48
. A Hd T3 A (53
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<E 3-8 Al2Y U SYISEHS
2006 = 2009 =
‘_VLT'\:} }b]"ﬂ )\qu
W% g R W5 e R
100GT 738 0.082 979 0.077
100"500GT 1894 0.211 2514 0.198
ojur | 50073,000GT 4328 0.483 5745 0.451
3}% | 3,00075,000GT 456 0.051 605 0.048
A1 7,000710,000GT 209 0.023 278 0.022
7,00010,000GT 442 0.049 587 0.046
10,000GT o] % 451 0.050 596 0.047
2,000 TEUH 200 0.022 638 0.050
a | 4000 TEUS 98 0.011 312 0.025
o]yl | 5000 TEUH 54 0.006 171 0.013
A | 6,000 TEUH 76 0.008 241 0.019
6,000 TEUH
18 0.002 59 0.005
o] )bl—
g 8,964 1.000 12,725 1.000
7+ (8knots*])
2006\ & (Ao FFEF A Ao FH =) = 21.68(# /hr)
7=1
2009\ & (A At FFE A Ao A=) = 20.62(F /hr)
7=1
7], ;i AWt REE TEE AuEF
oo HAA YA S
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