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Abstract

> In this study, chloride content of marine concrete bridge at the south coast in 5~34years was calculated based on the measured data

and the validity of the proposed value was evaluated. Also, correlation of existence of salt injury prevention coating, chloride content, carbonation

depth and the compressive strength of marine concrete bridges were derived and relationship of the four was evaluated. According to the research

results, surface chloride content value in the tidal zone proposed form KCI 2009 and value in the splash zone and atmospheric zone proposed form

Cheong et al.(2005) was the most valid. Also, salt injury prevention coating of marine concrete bridges had the outstanding effect of preventing

chloride content penetration, carbonation depth and reduction in the compressive strength. Compressive strength of concrete was reduced by the

increase of carbonation depth and chloride content.
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Y E FFAMA(KCL 2009 3FRHiol A 18.0 kg/m®, B 1R
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Fig. 1. Contacted region of seawater and measurement

locations of chloride content.

Table 1. Surface chloride content(kg/ m3)

Splash zone Atmospheric
Division zone
Tidal zone Splash zone (coastline)
JSCE 1999 13.0 9.0
Cheong et
al.(2005) 20.0 5.0 2.5
KCT 2009 18.0 7.5 5
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Table 2. Overview of the marine concrete bridges

. Group B
Division Group A (coating) Group C

Bridge name | GJ] | BS |WD [NH | SA | JD | GH | SJ

Used period | 34 | 50 | 15 [ 34 | 16 | 5 | 10 | 10
(year)
Table 3 A A = G

[¢]
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Table 39 AslEoleFro 2A=7e ZIYE FWHO
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#7012l 10mm XA 2] AstEo]| L roln, 2(2)9}
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Table 3. Overview of the marine concrete bridges and test results

of the durability

) Chloride | Carbonation | Compressive
~ |Bridge| content depth strength
Division Elame) Site (kg/m®) (cm) (kg/cm?)
year
CV | MV|CV | MV| DS | MV
GJ-1 2.86 3 258
4.63
(Si) GJ-2 1.73 1297 | 3 240 | 292
GJ-3 | 694|334 32 247
BS-1 {16.40|10.34 40 259
Group A| BS | BS-2 | 6.83 | 3.88 250 3.88 120 233
(24) | BS-3 | 4.56 | 2.21 30 227
BS-4 | 4.56 | 1.15 26 191
WD-1 | 6.66 | 3.48 16
WD 1.98 210 280
(15) | WD-2 | 444 | 1.86 12 255
NH | NH-1 | 6.94 | 0.31 1 355
2.97 240
(34) | NH-2 | 4.63 | 0.10 1.1 342
Group B -1 6. ) ) 349
P SA | SA-1 | 6.68 | 0.22 204 1.17 240
(coating)| (16) | SA-2 | 4.46 | 0.15 1.24 326
ID | ID-1 0.09 0.4 393
4.03 1.14 240
(5) | JD-2 0.09 0.2 458

C-V : Calculated Value, M-V : Measured Value
D-S : Designed Strength, M-S : Measured Strength
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Table 4. Chloride content on contacted region of seawater

Concrete depth(mm) on chloride
. Bridge content(kg/m®)
Division name
(year) 0~ |20~ |40~ | 60~ | 80~
Surface] 50 140 | 60 | 80 | 100
BS(24) | (11.2) [ 1034 9.24 | 8.84 | 5.85
) (18.1) [ 15.66| 6.19 | 3.28 | 1.37 | 0.76
Z:iael GHAO) =g 1) T1s.62 | 7.30 | 3.47 | 2.50 | 1.64
SJ(10) ®) | 688446214130/ 088
(85) | 729 | 544 | 230 | 1.61 | 1.22
GI34) | (3.6) | 334|277 | 230
BS(24) | (43) | 3.88 | 249 | 221 | 1.30
WD(15)| (4) | 348 |3.01 | 2.04 | 1.76 | 1.48
Splash
ne GH(10) (1.6) | 1.35 | 060 | 034 | 0.41 | 0.33
Z (1.6) | 135|275 | 134|072 | 044
(14) | 121 | 063|033 | 025|027
SJ(10) (1.7) | 145 | 150 | 0.64 | 036 | 0.30
(3.1) | 2.86 | 223 | 2.00
GIG4 (19) | 1.73 | 1.28 | 0.75
(2.5) | 221 | 155 | 1.51 | 1.00 | 0.81
Atmossheric BS@4) (13) | 1.15| 1.03 | 0.86 | 0.83 | 0.61
Zoge WD(15)| (2) | 1.86 | 1.08 | 0.61 | 0.35 | 0.24
GH(10) 0.5) | 039 | 049 | 0.41 | 0.44 | 041
0.5) | 041 | 028 | 028 | 0.28 | 031
SIK10) 0.5) | 039 | 034 | 007 | 0.07 | 0.20
0.7) ] 0.60 | 0.65] 059 ] 057 | 0.70
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Fig. 2. Surface chloride content of tidal zone on

used period.
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Fig. 3. Surface chloride content of splash zone on

used period.
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Fig. 4. Surface chloride content of atmospheric

zone on used period.
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Fig. 7. Chloride content of tidal zone on depth(24 vyear).

- 735 -

dajor sy ZAaYE o] FHgstEoley e W WA AUt
Fig. 5 ~ Fig. 1114 el 2335, A Z3ko] Table 19 pes
f EWGSHE EFES o] §3 oL AT 4]
~120 -
S5 AEESE e Aok Bk Z, kel 2 == secios
= )
- = 90
KCI 2009, & R2.2+2] 93 3|4t 7] 5ol 4= Cheoge] #|A] : "~ Cheong 2005
H s KCI 2009
- 5 = = ] Y
gtol eae Aow wahch 2 ATdAe st o ., Py
— = ~
zage wge 2Nad A5 ol gatel A4Ax i \j\\~\ " o
) g A SIP1
Jagh Aoz ghoz we ATE Fte] feuet @ R X s
= - - 00
ARz Bt ZAE el tig A77F J g Eo 0 @ o = 100
3 pow gebd pept(om)
Fig. 8. Chloride content of splash zone on depth(10 year).
210
18.0 150
= ]
E 150 |-
2 * GH-PL .'..'E'lz-o R
EIZ-U B GH-P2 k] e
] ) 4 £ 90 » W
_g 90 2 ¥ A sHP1 H Sal === 5CE1999
] A
E - F's ; X SIP2 _2 - \ Yo, i o
N A = & Bl £ h . e KC12000
2L X Steel Corrosion B * % & e
a6 b k3 . = ——
20 40 60 30 100 00
Depth(mm) 20 a0 60 a0 100
Depth{mm)
Fig. 5. Steel corrosion on chloride content of tidal zone. ] ]
Fig. 9. Chloride content of splash zone on depth(24 vyear).
210 12.0
18.0
T _ T a0
3 150 JSCE 1989 3 \\ === ]SCE1999
E o [ Cheong 2005 £ o] Cheong 2005
E - ‘\\\ = KCI 2009 ‘5 6.0 > 4 = KCI2009
H E i ! . *  GH-P1 I i FGRR
5 ¥ B GH-P2 R dd B GHP2
(=] A =]
3.0 4 sl A sP1
®oslP2 X skp2
0.0 00
0 40 80 & 100 0 40 60 80 100
Depth(mm) Depth{mm)
. . . Fig. 10. Chloride content of atmospheric zone on
Fig. 6. Chloride content of tidal zone on depth(10 year). & P
depth(10 year).
210 120
180 \
Easg T o0
2 [
‘E 120 T \ - ==~ I5cE1999 E s Tl === J5CE1999
» : g
:g 9.0 “:,‘ \ Cheong 2005 % _\h\ Cheong 2005
S 60 i KCha0ad i * S e 1 2009
S -~ B BSW5-1 Z 30 * \ *  B5-WS5-2
30 -
0.0 00
20 40 60 20 100 20 40 60 80 100
Depth{mm) Depth{mm)
Fig. 11. Chloride content of atmospheric zone on

depth(24 vear).



gz

4. il 23S EQ U7d EIt

41 232 E g350|28k

Fig. 12 22 E THOZHE Zo] 10 mm $1% 9] 3}
Eol&E R A&y AM#E vERA Aolt.

Fig. 12¢] Yebd ZAAH, LA =4 750l whe} a3}
wol & me] A5 W Z AolE Hola vk AT
£ 1.15~10.34 kg/m®, BZLE& 0.09~031 kg/m*=2 YER| L
Row, AAHA LGS Arg wFe] dstEolwErt
V0 E2 WA 574 5Arh

ojAe ZAEE EWo| A EES

=
Qshzole AR Aol ExAA Py o & vk

= .

 Calculated value Measured value
a0
E 180
s
Z150 i
510 |
§ 90 1
5 60 |-— 1
5 30 0.1 ll Illl ] |
£
Sl ELBENRERRRIN]
v B om| ol mog o e e e o
CRERCHFE R A AR -
&l BS | wo | NH sA n
Group A Group B
Fig. 12. Chloride content of concrete.

4.2 3B EQ9| EtAMSH
Fig. 137 alAE f5-7F ghiks)l zlole njX]= o
e <ol y] 8] ATLE(GIn, BSH, WDI)¥} BILE(NH
o, SAX, JDR)O| i AT E FHOoREE whatsl 7o)
ASgI ALEE UERd Zolw, AlLkgke 2 6)ell
Fo] bEeh gholth

o

[0

M Calculated value Measured value
5.0
E
EAO
o
JTI 1o —— . -
=
]
= 20 1
]
5
o 10 g o
©
5 Ll
0.0
S Ml o S S Rl T H [ (o
] I AN T A -
Gl BS WD NH SA D
Group A GroupB
Fig. 13. Carbonation depth of concrete.

U

Fig. 13 vebdl 244, daiiA ==

3 AAF BILE
(NH3L, SA3L, JDa)8] A =3k AlLkgkell Bl &

17~29 %Z 1}

=B

)

ot

Rl o, AR =S AASHA ¢S ATLH(GIN, BSiL,
WDi)e] 253k ALake] 61~160 %= UEFSETE

53], BSuL o] ©Haks} zlol= AlRkgke] 104~160 % H =

A JEbgth o] AL BSuzF Al $1H]EkaL glo] A
sAke] wi717k(C02) 6 9 Do R TtkEl Zlol7) 22 A
o= geher)

4.3 ZAEIEQ H3lEO0IREE, B3 20| U AFRLE

W Compressive strength = Designed strength

A Chloride content

Carbonation depth

= 20|
. “‘ﬁH“ AAZE ] GFAE, HELS dgtEolest

Fig. 14°] YElH A, B1Fo] AZLwo b8 454 =
7} AAZE ) & 7S Bolal o, AAGEe
191% 2% TS Yela

K L olAL
AstEol29] AFo BAkstE A Aste] AFE7] kel #AIG
=

°of ¥& YFALEE U = Ao ddkdy. e
u felA =S A Fe ATE SFAEE A
A dib] W FESE HEhda gith

53], BSuol A 4EFAEE AAZE] 144 %714 SR =]
A=Hl, ol AL wEko] trEAlX Aol 9 ete] witar}t A
QA T FAYE DAL dstEol o] AT
AASL, FFALETA S v Aow dddn

Fig 14& Sl f3tEel2smel @atst zlofo] s
GHAE=T dH o Askge & Ak ol A2 A5k
o] o] Pt walshrt FARE 248 A A qFA
=5 ASAIZ Aow s

olS FEehd, e IAEES AT Y LAYUE u

- 736 -



st A £adE wwe

=

4> 12 n2

= of AAE AFE7]o] 5~341d 2] 3
A ZAYE W) A8 Eol 2wk hdt Aol Ry
o E ZFEAMA

(2009), YR EET D] FIAZEZTAIYA(1999), Cheong et

al.(2005)°] A A% ghE<] A S Hrlssith

T3 Y 2 E nge A= fiel nE A
stEol&w, Batsl 3 FIYE $FAES JHAAE
&3t A% mAE 9FS F7hsks

oA &3 A2 vy gy

KCI 2009, &R 2193} /3l 7] 5ol A= Cheong et al.(2005)
o] A|tzkol e}t H

2. AFg7)%Fo] 109 ¥(GHaL, SIan)9} 249 ¥ (BSi)e] zF
oA ZAYE EHORERE Zlo] 60~80 mmol| HI¥

Ao B0 AR S & 5 Atk

3 =
A% oA 5, 2aE] Wit I FHEF A U7
@, o

FHEAET ok 5 99l ol AL siEol el A
%o} Wit} 2aYE 242 daAA AERES A5
N7 Ao dkan

5.3 S ZAYE W 214 A5 o] 8%
3414 37F KCI 2009901 4 AlAI g sl =3 S50 s}
Eol& Sto = B A

References

[1] Cheong, H. M., T. S. Ahn, and B. D. Lee(2005), “Surface
Chloride Content of Concrete in Domestic West and South

ECE SRR

ot

R7H B

!

Coast, Proceedings of the Korea Concrete Institute, Vol.17,
No.1, pp. 173-176.

[2] Choi, D. S. and J. J. Choi(2009), “Relationship between
Chloride Diffusivity and the Fundamental Properties of
Concrete”, Journal of the Korea Society of Hazard Mitigation,
Vol. 9, No. 1, pp. 15-20.

[3] Japan Society of Civil Engineers concrete(2001), “Concrete
Standard Specification(Maintenance section)”, pp.104-106.

[4] Korea Concrete Institute, “Concrete Standard Specification
2009”, pp. 337-352.

[5] Korea Concrete Institute-203, “durability and design on chloride
content in marine concrete 20107, pp. 69-73.

[6] Kim, H. K. and S. B. Kim(2010), “Service Life Prediction and
Carbonation of Bridge Structures according to Environmental
Conditions”, Journal of the Korea Institute for Structural
Maintenance Inspection, Vol. 14, No. 4, pp. 126-132.

[7] Kwon, S. J., H- W. Son, K. J. Byun and C. K. Park(2007),
“Analysis of Chloride Penetration in Concrete with Mineral
Admixtures using Neural Network Algorithm and Micro
Modelling”, Journal of the Korean Society of Civil Engineers,
Vol.27, No.1, pp. 117-129.

[8] Lee, Y. J.,, Y. H. Kim and Y. Y. Lee(2003), “Current Status
on the Chloride Content and Carbonation of Train Structures
in the East”, Journal of Korea institute for Structural
Maintenance Inspection, Vol. 7, No. 1, pp. 259-255.

[9] Song, H. W, S. W. Pack and K. Y. Ann(2007), “Time

Chloride

Structures Exposed to Marine Environment”, Journal of the

Korea Concrete Institute, Vol. 19, No. 5, pp. 585-593.

Dependent Transport Evaluation of Concrete

Received : 2014. 09. 26.
1 2014. 11. 30. (Ist)
1 2014. 12. 18. (2nd)
Accepted : 2014. 12. 26.

Revised

- 737 -



