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Abstract

Together with the trend of enhancement in domestic industrial
development and economic progress due to import and export, the
demand for construction of the roads, bridges, especially port
facilities, and several coastal protection and ocean structures is
increasing rapidly. MOMAF of Korean Government 1is driving
construction of 9 new ports and renovation of the existing fishery
ports. Among these structures most of bridge base, wharves,
dolphins, quays, and jetties are being newly built of steel or concrete
pile. As the base, supporting bulkheads, and piles are underwater
after construction, it is difficult to figure out the status of structures
and not enough to get maintenance and strengthen the structures.
Every year, moreover, these works suck the government budget due
to higher incomplete maintenance expense for protection from
corrosions of structures and increased underwater construction
period. For the purpose of cutting down the government budget, it is
necessary to extend the life cycle of the existing structures. We
developed a new method for maintenance of submerged structures

near the waterline by allowing dry work environment with the



floating caisson. The method shows easy to move around the
working area and handle. It also showed not only a significant
reduction of maintenance expenses and time for anti-corrosion work
but also better protection. This will be a milestone to reduce the
maintenance and construction expenses for the shore and water

structures.
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Typical corrosion profile

| initial thickness 2
mm 01 2 3 456 7 8mm

Atmosphere

Splash zone

Tide zone

Underwater

Fig. 1.1 Typical pattern of corroded area of steel pile and field survey

corrosion data
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Fig. 1.3 Wave splash zone of jetty



Fig. 1.4 Wave splash zone of Sheet Pile
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Fig. 1.5 Local Corrosion Example at Splash Zone
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Fig. 1.6 Steel pile of Busan Maritime Police/International Passenger

Terminal
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Table 1.2 Applicable Port Structures with DPC

Target facilities
. Shall Breakwater
Division | Total . Shed, |Passenger| .
Gate | Quay | draft | Pier _ Bridge| Tunnel | Etc.
Storage| terminal
quay Sea wall
Total | 554 1 | 217 111 | 31 108 4] 6 20 17
Pusan | 47 - 20 7 1 8 8 2 -
InCheon| 42 1 14 4 1 5 11 3 - -
Yeosu | 66 - 20 | 11 3 13 - - 17 -
Masan | 76 25 | 16 | 12 23 - - - -
Ulsan | 41 - 36 - - 4 1 - - - -
East seal 63 - 27 10 - 20 2 - - - 4
Kunsan| 19 - 6 5 1 - 3 - - - 4
Mokpo | 55 - 13 19 | 11 6 - 1 - - 5
Pohang | 58 - 24 | 14 - 11 9 - - - -
Jejudo | 59 - 17 | 23 15 3 - - - 1
Daesan| 10 - 3 2 3 7 - - - -
C.T 16 - 12 N Y = 4 - - - -
Table 1.3 Status of pile structures in Busan North harbor
RAge e Bud B3
g ARRdid [ #20D [gFdE] W w
; ¢711.2, 12~16t 812 _ B
257 = 2003 21,22% A58 ¥
o 0800, 16t 64 e
Al R ®711.2, 14t 1,779 2000
PCyd + 73
A4 56H 44 284 1996
Rl 600, 12t
24 o $812.8, 14t 438 2002 | A O F-F &A1
2004.10.15712.15
AlA 4 AH ¢711.2, 14t 610 1997 .
IR F17))
el J1E Ausd 43
g Apsaid [ Fao) [FEdE] W W
) ®812, 12t 257 2004
2R d
$914, 12~14t 279 ~ 2005
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Fig. 1.7 Steel Piles of Shinsundae C.T., Berth No.4&5, Busan
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Fig. 2.15 Examples of Water Front Development(2)

Fig. 259% 2& oz A
s w37k Base,

A
i)
ui
o2
b
o

N
r
1>
o
-4
BN
il
il
k1
4
of
re
o
o

_20_



Mo

ol

B
<

|

o

]
_ﬂk

TR
Ho
<
mwd
o)
iy
Nd

(X

N

| W AA gro} ol

ke

7F A

Fig. 2.16 Example of electric Anti-Erosion

_21_



o

9% Aulsh A

ofof ).

)

o
ﬁO

o

314

Mo

_@.

Gl

3o,

|

=K

bol At

)

3} g

e

X

"
4r

A

)

=z

z

9lt}t. (Table 2.2

R ol

A 27}A

|
o
Mo
Mo

71E

)

—_
o

mwd
el

-

il

——
"o

el
ol

she]

f

Table 2.5 Sacrificial Anode System and Improessed Current System

M EWT
ol % Bl o =
© o T R
oml % _zgw%M_ T o
N "o = °
2w Bl B W
e~ Y5y |erXe T W
Sl ® T B g elw T
ot i o
o | B A R
of (MNE | T g (P ER RN B
e ifr%o py N N %ML Bl ok
= e P RT hEgN o o
T o o B il e MM M ) of o T Nq
T I I g
Gid )| W TN =g E| 0T
N I NI R (I RN =/ ] SR
“ ~ 1 oF R
s
@ T o |®OF
| BT I
X o = olo o o !
o o |24 | oF
oy w7 EIed N
=% |wT i s ; %
™ o ~— —_
BPFT =L LF
o I < © N B O
N e i I LS Jo
WEF R IV P R
e R I L
UEH.E,M‘_HO ,_._mu‘mW.aH inﬁmﬂlﬂm Aﬂoﬂoa
il ma Sa TSR | aMa W
H
" TR | < HoTo TR T0 FRHW

_22_



it

(2) Tape &

Bk

A Eaestes, =2

Al FE A A

Txzol A

oF

——
"o

Taped H 2

Al 712 FRP H

A

9

(Paste)

Ho] ~E

o},

2 ¢

=

=

& 71 H

el

Ho

bt

¢

np

%

i~

22|
i
]t

R

B!

K

)
il
F
ol
it
Mo

i

o B4l

alol

ol 7|E T x

2

il

i

ol
e
o

X

al

4 L

o

el
Ho

o
"

el
G
Mo

sl

fop-

;OO

i

an

)

-
L

i A

o

_OA

—

X
el

2

5

3] of

B
=

b7 )

)

HES X
g we @

o
N

~H

o
B
b

No
A

i
il
of
w

NIl

Hlo

o
il
of
=y

718 W ol

==
o

[e]
4

%)

o ol f= AWM Yrz 3

HEsk vobd A

22 7o),

ol

=l
~

T2

34

-
R

of THLE Gl HEso A

gl

o2 wol AE

do

B

1
fu

A

-
R

A vl 2 Aol A

_23_



o]},

A A

gl ol o

s

w

1=

37

ol FRP 1

EREREES

KR
T

Fig. 2.7

W o] 4] 31

=0} A

Fig. 2.17 Construction Example of Tape Method

el
i
=l
)

B

iy
N

AL
OO
—_
"o

oy

o

o

3L
o

_24_



o

Bl

W4 el wol A

g

—_—
o

=

]

ob&

A,

Avo] w7

ofol o] g

ﬁ}o] =

bol w7 @

)

A of ol H

-

julg

~

__.AL

-

oo

ol

23|

el

N
B
b

A & of

bt

)

o

JJo

7] ol

—_
o

<

il

—_—
o

JJo

|

K
o

B

N
B
b

}H Table 2.3% #Zt}.

bol wmws

)

4

S
=

_25_



Table 26 Comparison of anti-corrosion methods
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Fig. 2.20 Sheet Pile Method for Dry
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Table 2.7 Comparison of existing dry maintenance and strengthen

methods
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Fig. 3.22 Schematic diagram for maintenance work

with DPCM 1

ik SN

O
A\

Fig. 3.23 Schematic diagram for maintenance work

with DPCM 2

_34_



3.2 DPCM9 574

bol 24l

)

S AlF

214 7] o]

&= (DPC, Dry

A2 A ]

A A

A - Z 5o

o 3

/?)1—

3

Process Caisson)<

A

Ao A

EEESE

ol A

)=]
RUN

ALWC (Accelerated Low Water Corrosion) &

=1
Py

g e

ul-
=

T2 H

W
)

~o

A

do

e

X

il
AO
4
-

!

shol A

=
<)

N
=

sand blasting

ol

)
e

X

oy

1<l

Bl e =

oS} 28 <11

Ho

)

%

+

Q
b

A A Aol

o
N

o wel A%

Aol A= QHA A o]

N

il

5
i
+
o
oo

oo

el

H, dAA =S 2709

oo

3

:rL

TE=

tol A=, =¥

©

jate]

o

o)
e
<
T

o
oW
o

SRl A T

Els

o] g o] &0

7

kel
T

o it 7 3}

I
o

Mo
oy

Mo

_35_



—

0

B

K

R

o] 47}A]

Ko
=4

o}

2~ 0
=T

e 7

]

i

o
o

i

Bl

il

7

Nz

,_._mo

1o
G
<
s

O ol =

mmu_-o

o
G
<
T

Nd

@ ol

]

le]

AA

T

A

=1
=

A=

o]

9

F5(A o]

]

e
R

[e)

A

I

o
v
X
]
<

—_
o

o

el
To
&
o/

~

i~

%

¢

o

fvzel

Nd
]

—~
o

st w5 g hek A

Aol v} oul
[e]

bol 4 o

1 7ol A1 <]

[¢]

o

1.

=

T

[e]
4 =2
TR 2

2

|

i
A

R

P
T

ZE]

o] 5-of

HA B TRl A2 o]

2=
.

of
=

)
-
pu

O

ulJ
iy

ox
—_
o

0

-
H

R

=

ol

a-
i

X
~o
{F
X
T

~,
ol

oF

-

o

r
A

%

o

il

—

_.70

=3

= 71
th 3} o =

i

—_—

aig

o Aoy fA el

i

Tz

9

sl
N

o}
NI

B

_36_



3.3 DPC9 7= AA

AAAQ =Y Aol FA U AAGA AU 74 =W AW, P,
=S, g diste] AlFA R AAste] HAA BdS A &sted o] o
%ol Q=S A%HY
T HEY wxEs O
Hol& .
O -
O
O L1
©
A Ex AT -
y =R \ 3 O azgaﬂz
24 & 44 @
= seraL —
sot NEin T
X - X
&2 x| SHEX| x| ch
£o|=H £7{9)5
e B2
Q \\
\
: AT . S
[ .. L) Nz
Fig. 3.24 Plan Drawing and Parts Detailed Drawing

Fig. 3.3 H ol g F3+

o,

SRR

=

1o

_37_

o] o},



[
\%o%
=iy

e (
4/ NS 7
= g 1 -
TE_%\‘ _/ L |
#Hol& A ~ %ﬂPSEﬁ“—‘% X
e T | ] e B G A A
7 o 7 & m- ) ]
briy| ) " }\} : U‘ %ﬂlzﬁlﬁ\\}
/ e A8 (| ()
DA o fq:kE:D I /]
y 'yl IR |
hgllll.\‘ l | A }/) I ﬂ - -‘.E;Zg{” |
1 | N f |/ B o T
- i Ly . Loy
T T N1 R A A A iy VR VA A S
Vi - L.
T HHE 3
[ [\ \]
[T .
i =2 m
o . \ |

F
L

L | EAEER

) _ v

k =X 8IX| 5 ‘

D P .
Sk 7 M A

Fig. 3.25 Sectional Drawing and Parts Detailed Drawing

e
A

)
rlo

Fig. 34% @@ 2 49 0@ »E59 Apgoltt 2t RE5o

o

Az AeAz Bl A ZAAe A A gk

_38_



Fig. 3.26 Solid Drawing
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Fig. 3.28 Section view of DPC Model 1

Fig. 3.29 Section view of DPC Model 2
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Fig. 3.31 Holding kit of DPC Model
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20cm ; B, =1.025 tf/m*><0.267m* < 0.20m — 0.028tf —0.063tf = -0.037 tonf
30cm ; By =1.025tf/m®<0.267m* x0.30m — 0.028tf —0.063tf = -0.009 tonf
40cm ; B, =1.025 tf/m® > 0.267m* < 0.40m — 0.028 tf —0.063tf = 0.018 tonf
50cm ; By =1.025tf/m’>x0.267m* < 0.50m — 0.028 tf— 0.063tf = 0.046 tonf
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Fig. 3.36 Self Plotting Test of DPC Model (Stop)
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Fig. 3.37 Bed Plate Support Test of Model (Moving)
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Fig. 4.39 Height Control Hydraulic Cylinders
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Fig. 4.40 horizon Control Hydraulic Cylinders
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Fig. 4.43 Working Floor
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Fig. 4.44 Holding in DPC
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Fig. 4.45 Sanding Machine
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Fig. 4.46 Hydraulic Pump

Fig. 4.47 Hydraulic Pipe and Controller
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4.2.3 DPCM A Y

(®

Fig. 4.52 Specification of Constructed DCPM

Table 4.8 Specification of Constructed DCPM

9] 724 38 m W ~E B3 671 A2

w2 A 2.8 m BRAA 474

) 25 m WA Ady 174

Tot% 52 t A 1 IR 47)
AR AR 08m , 09m , 1.0m 7ty o= A=

DCPM Y A4S Table 4.1 3} 7t}
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Table 5.11 Day expense of coating method

of construction

3 = A v | +3 | v |FUW)
1.4 ¢ sis 25 m’
2. A-A 1]
1) st== % v A & RW kg 0.3 9,000 2,700
2) A=A S-100 kg 5 11,500 57,500
3) Ay Primer kg 0.2 1,600 320
4) 2 Primer kg 0.5 1,400 700
A A 61,200
4, =51
1) EF=dF = 9] 0.15 60,159 9,023
2) 5dR 3 o] 0.15 49,659 7,448
3) HEIJR 3 2l 0.1 33755 4.375
A A 19,846
4 AR 840 840
1) Ae=47] - o 1
_ 1,500 1,500
2) T714F7] - =l 1 1000 1000
3) A A=} - o 1 ' ’
A A 3,340
5 HELA 2] 1 3,000 3,000
A 91,406
ZAAMZE A= AAFA (1999.11) * gaLdE S =2 A, 9FA 2500m 7] 5
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Table 5.12 Day expense of Tape method of construction

3 I T 2 949 FF 2 | FAE /)

1. A & H]
1) S EZ¥ o] ~EH o] X 300mmx>x10mm R/L | 0.8 35,000 28,000.0
2) M EZYYHo X 300mmx>x10mm R/L | 05 33,600 16,800.0
3) FRA H & 7}u} 2,020mmx1,500mm | m’ 1.3 77,190 100,347.0
4) BEE & HE M12x90mm Set | 4.94 1,000 3,940.0
5) ol & A] WE 6,000 kg 0.8 14,400 11,520.0

IS A - - - - 160,607
2.9 A w
DT H . 9] 0.66 | 87,712 57,889.9
2) EdAR N o] 0.08 | 48,674 3,894.9
3) v A F T ol 0.08 | 66,531 5,332.4

o Al e = - - 67,106
= Al 222713

19999 &= <

}_Yﬂ%ﬂ_xé HE o]

uf o] &= 91,460

I 2227139 0=

ZAE7AE I ¥ (1999.3)
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