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Developing a water discharge anchor & trap bolt to prevent basic salt
from penetrating to harbor structures
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Abstract Most construction methods for the repair and reinforcement of old reinforced concrete harbor structures
involve a process of applying a fiber complex or fiber complex panel just like wallpaper to the bottom of structures,
such as slabs or beams. On the other hand, these techniques result in the sealing of repaired and reinforced portions
of the structures by the fiber products, preventing moisture, such as rainwater entering the structures through the upper
surfaces of the slabs or beams from being released, and causing the entire concrete covering of the structures to be
peeled off in the long run. To prevent this, it is necessary to develop a technique to protect the basic salt from the
sea water from penetrating into the structures while expelling the water absorbed in the structures swiftly. This study
attempted to solve the problem by modifying the anchor bolts currently used to repair and reinforce the port structure.
That is, by drilling holes into the body of anchor bolts and modifying the caps of the bolts to produce a structure
that would let the water flow like a toilet trap, the moisture inside of the structure could be drained through the holes
in the anchor bolts. The water discharge anchor bolts developed were tested and observed for 6 months; the water
was discharged in 73% of the anchors (200 anchor installations, 145 anchors).
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Fig. 1.

The Tllustrations of Harbor Structures Concrete
Deterioration

(1) COSREM EZZ2H
ZE)ZY L By 4=
o FRES 2H
£ AAste] FxEI
7l e gRste 27 4 H
2| 71+= Preimpregnated Materials®] Fo] 2
s froll v 3 A7 AIE FEje] Al
oJtH6].

(K oX ol o

ol

puy

AolA T AA Az

(3) GFRC 1ig 24z
EH AW F 2AE o) PARE T FYL o

4-3}9] GFRC (Glass Fiber Reinforce Concrete) ¥'d-S-

e, A F FY NENE A FAFORA T
gate e 32 A9l meRg FHelths)

(4) EYT2|E BYDY

B, FEAR 5O el ngAE Ty A o
Az} elo] e FHo A EA] HAAAE T4, 2
3 sjol Jug S0 A71E Teln]

537

(5) SF-GFRP3H

TEEY AE 9 w33t FEs 28 A F
a2k-8 AE o]g3te] 7|E FZA o) SF-GFRP Y
S FA/AASAIA hEE R 1GEs FoAIE F
Holr}.

(6) PG THE ELZH

T2E frEdfet delE vETE A48 A 45
PG g o]&sle] Fx2E HAE e WHeR, o
3], 93k, 3t @ A B dskEs F ATIE 2

FH7F FHeltH10].

(6) SR miid 2

T2 B, W 1ol 9%
Reinforcement ) #'d-S PALER A3 & Z34g
TF2ET} Fgzte] Atolof] {24
& BRI sk TRl 11],

=

P
o mi Jhu
o
o
o N

2

il
X
)

ot

=

—?:—'
T

ox & o

[
2=y e

N
X
=

S HorE 2 Mg R 2 0o X

ol
-

g
ol
als

of
fu
N

o] uiEd

=
2

!
o|\ =

e xo,
ol
-
~
T
o,

=)
S
SE
o
fu
rEI

=
Lo e w® g
oM M

il
rlo
il

t
ol
=}
>

jikads

o
P o
=2,
rir
-
B
__);l_f“
I

PN
il
1o,
)
rr

PLSRETIT

T
ol
[z
s
ST (I
i
o,
_0|L

N

N

N

X

>
T

)

N
)
=

o 2 Rl o xRk

I N

©
o o o
ro

@
o>

N N jalcs
4z
1>
i)
H
L)
lud

ox

Y

o
my o}ﬂ
o |
w4 E oo
ol BN
e

&)
rir

o

T

Lee & Lee (2014)¢] A+l
OF RFEAAS 5 109 o] Ay
7N 5 167 A Aol A Fig. 29} 3
st om (A 42%) 2% FTHA|
A 5 2270 Aol A sk BASEATHEIAE 26%).
HERZAE Fd 719jo] B 379
7] A3 HEA Ao SARSFE Sh=
ZAA < At E T 7elshd o

o= A

e s

m

O

o
[e]
A3t o



=}

A7 &8 e) =2 A A9 A3E, 2018

r

(a) Dry Reinforced Concrete
Structure

(b) Structure Filled with
Water

(c) Volumetric Expansion of
Steel Bars

(d) Lower Part of the
Structure Falling off

Fig. 2. Structure fall-off due to permeability[1]
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Fig. 4. Epoxy Leakage Problem & Solution
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(b) Water Release through
Anchor Side Hole

(a) Water Residue after
Releasing through the
Anchor Hole

Fig. 5. Water Residue & Solution
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Fig. 6. The Test Application of a Water Discharge Anchor
& Trap Bolt to Incheon Harbor

Table 1. Water Discharge Anchor Applications

Project Area Quantity
001?011 LNG Wharf Repair and 100m’ 200
Reinforcement
001?011 Quay Wall Repair and 523 1,000
Reinforcement
00Port maintenance 550m’ 870
000Bridge Repairs 384m’ 630
OONew Port 00Wharf Repair and 504m’ 930
Reinforcement
00?on Port Facility Repair and 285m? 540
Reinforcement
00?on Port Facility Repair and 435m’ 864
Reinforcement
001?0rt Port Facility Repair and 750m’ 1530
Reinforcement

Table 2. International/Domestic Patents regarding

Water Discharge

Nations/Patent Number
Japan/JP2007-308893
Japan/TP2001-329697

Korea/KR 0974997

knowledge Petition

Concrete Repair Method
Water Leakage Handling Technique

Deck Plate for Discharging Water Leakage

Water Discharge Technique on Steel Decks| Japan/JP2003-082802
Water Release Method with Steel Decks | Japan/JP1996-035281

Water Discharge Method with a Hole in
Concrete

Korea/KR 0262694

Fig. 69 Al@Alet 1§ 87 Z2AE] 283
s 47 4 EFEEE dojugoRnt 5 AF
3 FAEES AHSIS T Fig. 5 (b)ollA A3 7]
oo Xk A7 EEE A8 FUTh old A5
ojn] Skl A AF 7 upel o] Y7 EE Aol =
o} golol] s T2A Wil AnEo] AU o
o] 3= T2 Fig. 5 (a) o)A B npeh o] w3}
7] of¥h

Fig. 59| (b)s} 2+o] 4 ol & Hgske]

A%
A AR ol A% &
bﬂ%ﬂHt i X—}Eo}% 2

2
o
K
x
1o
2
Q‘L
S O

gk AL WY Ast o
B 71tolo| A A EE

AEz} o of o
A-stofof



=}
i

A7 &8 e) =2 A A9 A3E, 2018

>~
il
1o
e
i
)
o
tlo

oo 4 K

e xo

T

i
ok
41r
Hr o

TN A
%l 32 o
e ¥

_{

i

-z
4o
f

°
Kn}
ru

41
BN
1

I e o2
Mroam R
o ol
—_— =
X

froL 2 o
it
fu
4z
v}

M ol
g o

iCial
;O
=2
e
>,
[o

et
4 b

el

oy
BN
Y

[
rir
o2

(=T

oot ¥
1
BN
il

2
of!
oy
2

N
o

=
)
ol df = X

=
o © Ju m
Jo 2 fo |m

a
fr lo

4 I

2
2
off
%

it

)

Reference

Lee, Hwa-Sun, “The Introduction of a Water Discharge
Anchor & Trap Bolt," An Undergraduate Graduation
Report, Seoul National University of Science &
Technology, 2014.

Yonsei University, “Development of Aqua Advanced FRP for
Repair & Rehabilitation and Evaluation of Applicability
the Concrete Structure," A Research Report, Yonsei
University, 2013.

[3] Korean Fiber Industry Association (KFIA), "Recent

Fiber Technology Trends," Information Materials, 2007.
[4] K. W. Kim, “High heat resistant aramid fiber”, Fiber

540

Technology and Industry, vol. 11, no. 4 pp. 205-212, 2007.

—
W
=

Research Institute for Gangwon, “Basalt and fiber
industry of Chelwon”, Government policy report, 2011

Mail Construction co., LTD, “Method for repairing and
reinforcing  concrete  structure”,  Korea  Patent,
10-1051761, 2011.

Conclinic Home page,
http://www.conclinic.co.kr (January 8, 2018), Publication

K. H. Kim, M. W. Kim, J. G. Lee, “ Repair of Aqueduct
using GFRC Panel Method”, Korea Concrete Institute,
vol. 24, no. 1, pp. 797-798, 2012.

S. O. Lee, “Transparency Composite Panel Reinforced
with Grid and Reinforcement Structure of Construction
using the Same”, Korea Patent, 2004310410000, 2006.

Reeco E&C co., LTD, “Fiber Reinforced Panel,
Manufacturing  method, and Concrete structure
Reinforcing method wusing thereof’, Korea Patent,
1007176230000, 2007.

Hankook Laboratory System, ‘“Panel of Reinforced Fiber
and Construction Method of Using the Same”, Korea
Patent, 1010612480000, 2011.

[10

=

[1

—

& S(Jong-Ho Ock) (X3

01984 29 : ASAIHY)
&, (b
19941 74 University  of
Nebraska-Lincoln, USA (&-8H1AH
°1998d 59 University ~ of
Colorado-Boulder, USA (& &AL
02004'd 28 ~ @A HeE]
=gt 1

oF

A >
SH, L

A

(Sang-Deok Moon) [Hal3]

Mo

020039 2€9 : A&H37]E gt

A5 3HIKE e Ah
020163 29 : AL-3}8}7| st

AEZ 2R
e2016% 3Y ~ &7 . A

%31%/1]7d%] Facade Engineering, Publc Private Partnership
Negotiation



oA 9 EWEE sfdto]| A3t A4

e
I
P
i
o
oo
e
s

% @7 ATPAE g Furz

0| 3} M(Wha-Seon Lee) 2=l

©2005d 19 ~ FA o FASKE
WEIRkE} Ui

20164 39 ~ @A) : AL
Sjgtm FEEAYEH SOCH
Al gotat Hakabg s

541



