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Evaluation of Corrosion Resistance using Electro-chemical Methods for
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Abstract : The durability of marine concrete structures is severely degraded by corrosion due to seawater attack
and diffusion of chloride in concrete. The deduction of durability causes high repair cost for maintenance of
marine concrete structure. So, the applicability of high-durable materials is investigated to improve the durability
in marine concrete structures. For these, the characteristics of corrosion prevention of marine concrete structures
mixed with the mineral admixtures(SF, FA and BFS), the modified steel(stainless and coating steel), and
corrosion inhibitors are evaluated using electro-chemical methods. As a results of this study, it is quantified for
the effect of promotion of durability by high-durability materials in marine concrete structures.
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3% NaCl solution

Fig. 1. CTH 4% Q. x.
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Table 1. CTH test detail
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Table 2. A} 27419 297 54

Type Gravity Absorption FM
=AY 2.59 1.01 2.65
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Table 3. T2 L2022 8224 2 B4 54
Sio, Al O, Fe,0O, CaO MgO SO, Ig.loss specific specific surface
(%) (%) (%) () (%) (%) (%) gravity arca(cm’/g)
21.8 5.8 3.56 60.6 3.54 2.6 1.0 3.14 3422
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§io, H,0 LOI Fe,0, ALO,  Ca0 Hg0 K0  Nao C SO, I
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
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Table 6. A3 H

ot

Item Ww/C Type Measuring Specimen
Admixture FA(10%), BFS(30%), SF(10%) - Chloride diffusion coefficient @ 10¥20
Calcium nitrate - Setting time 10%20
Inhibitor 60% -0%, 1%, 2% - Compressive strength ¢P]ate
Nitrite inhibitor (NR1900) - Polarization resistance (15%15*10)
-0L/m’, 3L/, 5 L/m’ T
Normal Stainless (STS304) - f"la“za“"“ resistance 15%15%15
Reinforcing bar 50% e — -
Normal, Coating - Polarization resistance Plate
> -, (10*20*30)

Table 7. £3-4] 2 BZFF Al E®D

w/C Unit weight(kg/m”) AE SP
%) W C S G (%) (%)
50% 1725 345 776 1021 0005 03
60% 1725 288 815 1030 001 04

Table 8. -2 & A A #} E3E(1D)
W/C Unit weight(kg/m’) AE  SP
(%) w C S G (%) (%)
50% 175 350 765 948 001 03
60% 175 292 804 957 001 07

ZZY 70 RDBFS)S 30%, A27HE(SF) 2 8100l
(FAY= 10%Z thAlsodc). Fa A AA 23 wEhe Table 8
off VFERIO. ™ o] uiE-S Table 75} FAFSE vl g O 24,
FAAA Ao e &AM ASHE Bt Wl
S ozt S7MAIZL Bitelut.

32AE U

=]
3to] Fig. 13 & CTHAES AAERIC ZAke- HAa
& ARgsto] i Zo)E Ak o] ZHE] Al At
ATE v L F7Fe3

A, B FRo) e 12 AgEE B Al
Fig. 29} o] 232 E wjF A 3%2] APEF +&A
Aefella o] A} HHAH L AAEte] TS o83
BAES Byl w§ Fig 39 2 AEAE B3t
o] 3%2] NaClg NS ALgsto] 9zt 1 72 Adg
FaEgt, T E A|gAlef mEE Uk Y
o] B A 5H7HE 5t sl v
Z RIS SAsle] nlwshs 3, At g 2Hle
A Brke] B JFH7E A8 FIITAYE Tl
gz} 2HAFHL AAEHT oo wkE B4 JEE 7t

o

L

7| Sistel 3L 2, FAAA ] Sl o
<]
e}

L=
3}7] 9J8te] KS F 2436(3A A 320l o3k £ |
AZF AR el wlel A7kl W2 S S Fgsiglon, o
=)

H

oz AP GFYEE Sl vmagr. w3



324 2o - AR

=3g a8 23 FXE vehdot o] A

Ar2] PR Monitor 46000) ZA ol AMEEIGITH

uls C

4. 203 24

4.1 E8I £ 23| EL| UKL

Fig. 55 E3A1S &3 ZaEQ A% 74, 28]
A9 etERE S vehdct Aejghgoe] 7bE 2 4EF
2 wgon teor 1LY InETLS TYH =3
FESH ok 24 MPa 572 ZFT=F B3Ik J2v EE0]
HJAIE 10% AT ¢ 2719 BEFZ o] vobA B
5 ZAYE FARE $FUEE UEit ol2d &
735 EAL d3tE g Aol 9%S vE 5o

2 gadrt

1ru

4.2 Bl Z2L40i ke ek e "ot

A B e g3 A Fote] A 29E
Fig. 691 UEhSith. 275 A B BFS 30% 3 SF
10%3 A REC] thAlgt 29 FAlAF7 42 1.559) 0.56
(<10’ m¥%5) 2 BEZEAN=A|RE(OPC) HHH] oF 75,

30% FEOE gl ol EeAE 352 ANFLR
A=A TS a% AT AAE Az ol H]
3, FA 10%2] 7A-$-ol= OPCS Hl528t 22 Bt

2 B, ol FAY $3& ANFE &It o} o)
bu V2T WRES OGE T8k TR} %0 %
W Ao B,
o Bhbls A 9Is BB EAAE AT 3
$oll= BFS 2 SFS| 2% oAt Aok AF AL
20l 5 Qe Ao BT B, B A7) Al

I‘l[‘

35

30 —

20
%: —8
15

Compressive strength{MPa)

10 -0 = 0OPC ||
—&—SF
5 —t—PBFS H
—e— FA
0
7 28
Age(days)

oE - BT
4
(X107"?m¥s)
2
8 3¢
o
o
w
=
=
(]
°
S
L
(@)

OPC FA BFS SF
Blended admixture

Fig. 6. &3] F57ol W& AT,

100

HE5cm
E10cm

80

60

40

Initial corrosion time(year)

20

0
oPC FA BFS SF
Blended admixture
Fig. 7. 313 FFofl F-2AAIA7].

= Ao, 7 319 8 A 9ol 4 AR
of mhE A% R E Friskshs W, =, SFS} BFS
9] 287 = SF, FA 2 BFSS] AMIEA AMHLE vl
AT Aoz Alzd

T, B ATE Tt dojd FAAGe 7128t
Tuutti(1980)2] F-oS B o] g3l F-2] A A7E
AZ3P dEo AR AA 21N E g TEE
o] 7dd A 7}7& %‘;—8 52 715438 7HRE BgdE
7}751?'5}01 =9 g3k 5E(CHS 13kgm’, T8 WA
7= 9A dsE itt L AFAIE0] AQksta Q=
2kg/m’, 2AYE FELAE= 747t 5, 10 emZ 7HE 3R

B &), Fig. 62 ©]ejst 7Pgotelell «5e Zata]
W 2a) JAA 7S Vel ujm el

-



el 28 YT I E] A/|FA7RE o1 8F AT Bt 325

20

—&— Normal

- - —ST75304
---&--- Coating

16 |

12 1

Weight loss(g)

Fig. 8. Al Ztoll W& 5% &4,

Foke Aving, o7 vlg s 9eES E9E 2
$ B2 ANA1E 2F 22EA s 22 L5, 40)
AT AN Aoz ettt meh H2 ddsEs
g 48 @ﬁn Ty A VAo ugst
2, A A28 A i o
g9 s l-:zf Ateke Zle] vigAE Aoz Bt

43H2 R Y EO U2 Hal MY Bt
431 X2 BARGN Y AT FHE 224 o}
A

ATEIE FA2 7 BrpdEe] ¢A =T FAY
ool AR B2 17 A AZAYL vlwstiz} 3%

F9 AT NBE ARt Gake §lx g dAAk 7
2 A ElrE, 200008 A3 TSI Fig. 8& 4 ¢
9k AefellA lz*lﬂ%"u Balo] o3t T AR U
ERAH, Fig. 9= 12413Fe] A2 S304%s EY
ERAEES 74])&6_} Azjolth. 5% Had A5, BEE
2> 2EQlE A7) o EAZY 29 07 UERTh
BAzTE B2 H2e) 49 oF 360 mm/yr]] WP, 2|
QA7 FH AL Z4zE 220, 17 mm/yre) =3 5
= 5yvh 7y A2 A9 oF 200 AR =/
E5E RGE), o) BT 9] FPo) o =A
o] wAA) AL FPTH= FIAE oY HES
AANE Fo)7] EOE wddrt

k

mi”’

il
£ »
1

e o= o> K

vlﬂ

432 RCEACIX Y 17 AT FF & 'r”“ 84
FE9 JH A7 AHE BEUE 29 SRl wE
RC RajollA] 9] 24 Agge Angity, 429 FRE

400

300 t

200

100 I ‘
0 ' . EEEER |

Normal STS304 Coating

Corrosion velocity(mm/yr)

Fig. 9. 42 7Y $¥ 4420 g8 #4455

o2 - | —#—Normal tcm
—&— Normal 2cm
—&— Normal 3cm
—{1— Coating 1cm
15 | —— Coating 2cm
—&— Coating 3cm

lcorr(uh/on)

0 4 8 12
Age(Month)

Fig. 10. Z& -5 M- 2AH{FEE

Fgdo s} FAs) ZRADLH AEEAT, REED
& ZATE UH‘“éo}O% Aok ‘

BT o] wke A= AFE A8
Fx27 A A7Vt FRHSI ZEAT
= B2 A ke =45k ZAo] BAAF
sttt Fig. 102 S5 E E2AT @ E"H Al
B AREEE el lolch, ReETE AR
o 452 CEB /1] 2 AR, HETAT 2
BANNE 1 AR e 240] By & 9
o, HEFA} 3eme A5-olE AF 1070 ool A
Pt H2jo] WA= Ao R St olell vls) A&
2cm ogela AF 107149o] AR AFAelA ZHAET
S MRS Ao RAAFAGE HEFHEIY] ARG oF

ll

Hj r
e

% e
i% ﬂ‘a
L Pe=

ruEri

7

bl

-10 L of
{0 ol

)
P



326 el - 39
2 r
—<0— Normal
- - —S5TS304
16 T ---4A-- Coating
C.
2 12
°
S 8r
)
s
4 -
o
0 2 4 6 8 10 12

Time(hr)
Fig. 11. AHIQE ARG ST REAZY RASE,

779 ol FAFE Ao e &, 29822 A
23 Aol o= FE9| TRo] HuHw V|7 ¥
Ho] il HYE AFS B Y= A0 e
2 QatE o) ALY TR I BEAZRL
24 TR AR AMgo] U7 SRelE a—za_i i
Exojo} ¥ Ao% BT sau} RE °ﬂ¥f\l D)
AT Aol A
2 =g dest Ao

S nEAT Y AdEs 279 RC 2N )
BAde Wk gatel AzaIE ABAS AZe
2 ABA) AR ZARAARE AN BAR A
oz 74A3F 5ok ARE D F BIAYL SH3t0]
Fig. 119) 2ARBEE 298 Taigith. 2] m=d, 2
= 230] 1)) STS 3049 FARFUEE A 717kl B
W T YR e LRSI R, ek ki 89l
Apejol o] Ak} BRIl 2 Avjele s B7go] U
2ol W8 Q8 AP0 $5 RO 7 BuET)

_1

F

4.4 BAHIH o) WE HEY &4

441 22344 £ w2 A7 W3}
Table 9. CEBoll &3 #2145 34 7|&
TSR 24 " o EIAR

- 2 &z B4 2
7(] (]J.A/CITI ) (chm )
0.1~020]T  FEERFEIEAEHA @) 130~26001%

w
0.2~0.5 A-Z ARY BAET 52~130
0.5~1 F-a PR FA&ET 26~52
120k 2 W AYsy & RASE 26715k

o
offt
i

ol
>
ot

60 [|=—@=— Normal
- == =Ca(NOs)2 1%
50 H= = Ca(NGs). 2%
= = = =]njtial setting F
=~ 40 - Final setting
$ - -0- =NR 1900 3L/m | O
~ —-={F = NR 1900 5L/m
@ 30 ¢ N fm
N N
5 20t R J
O I3
10 4
O 1 N 1 1 1 I} - |
01 2345467 8910111213
Age(hr)

Fig 12. 34044 200] 42 S 54

BAAAA 2 ZA2E HLo e E2FEY 53
Exj0]] n]x|= 3k IRE B IA 271 AENE A
g3lgon, 1 A4S Fig. 129) YehSith A3 g &
Hrd, AN2Ee BT et 2 Azbo] oF 1413
A Wz e Aoz vttt o)¢) e ke
718 A7A 7% Ax]sk= Ajo|chSaraswathy, 2007).
olo) ulsl o}ArEE 3 Lim® AHE-gt A-$olli= $EARE
o] /\M:Ls] aal-a.ﬁ 01,}. _77-_}\]._%_\’—1}: o]/\l-_,] Q].é_]}\].odo} “_
PR A5 Lim’)ols $20) tuA Yove 84 &
ot} web opAA e Agolls BFE AN o1l A
£ QEME 3139 SRS HE/L BT AR

#waEo
40 r
E 35 ¢
= 30 ¢t
<
o 25t
(b3
= 20t
73]
2 15 —&— Normal
2 ol —a— Ca(NOs), 1%
3 —A&— Ca(NOas)2 2%
5 5| —e—NR 1900 3L/n'
S —<0—NR 1900 5L/w
O 0 1 I L i 1 1
0 30 60 90 120 150 180

Age(day)

Fig. 13. 321l A A £)o & A=A =



AYBAe] 1D TUTH 3ES ANSH7EE 01§ FAARY B 327

442 FAAAA £ HE ¢4F A&
BA A A AMge] W AHAEEYE vl Ao,
1 ADE Fig 130 YERGITE o] =
A& A EFo] 718l it A Frkeke
R o2 et} o] B 9AAE Ete g 43t
vheo] WEA dojutz 7 A3 wE 4=3ukg o3 %
Tukgo) W] e A0t S A0 R fdd gt
A AF28Y UEATE] Aol FAAAA Firel 4
2% 71ZR0 3 Jeh b A%E Bylon, 1 9
= 3704, 67hE AF M E BAAAAE A3 228
E9] &7} A TEEHE A2 el 0|9} 2
Aol sl 2r1Eos AR Aol Y8 Ao B

B

443 F-21A4 ZQlef uhE WA A

B2 7A ] EQlo] W AeHH B3 ofg] W A&
HE A E o 2R A3 RaAAA T Y ARl
sto] A B 1z} St} 4] AR A= AAbda ofA
AE T FR7AEECH, 7 Aol giste] ARGRE
VIR Z ANRL, APAS] HEFAE 2 em, 3emE
A A AFBAT Fig, 14 F24 A4 EQoff ue} &
A= BaA|gho 2 e 13 FALTE vhepdrt. o) 4
= wich] 60%0)19, AEFA 3om, REATE WHE
ZAYE AGA7} 1Y B B ELd) RHEAGE v
2 739-¢] ti3l dHlo]gfoirt.

A Azl Wz, A o] el FAAAAE EQUT
73S, 2 71t A dA e WA E3E RBole A2

]

J

it

Depth 3cm
1 r| —O—Normal
—0— Ca(NOs)2 1%
~—t— Ca(NOs), 2%
08 | —o—NR 1900 3L/m [
—X—NR 1900 5L/m*
06 + Lr

04 T %
K

02 t N ——

lcorr{gh/ o)

Age(month)

Fig. 14. A A £l ©t& FA&SE,

o

2 ekttt 5, RAAA ARgl 3 Agaks 25
AeZ §AFAG A5 AR} FALHZ BolRA
HeEs B 7% ABAY Bl Fx YR B
A& wolwA ¥2o] 2 F/H5n -2 wolw glrk

s ALE) A9 2% £ A7 YA EIA

2430] Lo EFEAMETE3 Lim®) o[4S ARSIl 1
A g7} vgEsle] S7lekA e e Ao wakd), o}

e} 222E dah B0 mXs JEF I
ABe AUR o Brhslel I AFGRS AFshe 2ol
vl@As o7 AR

54 E

2 AT E E3)o] dolzl AAE Aeshd o5 At

1. BFS 30% 2 SF 10%Z AJHES tixgt A5, &t
A=} 2k2F 1559 0.56(x 10 PmYs) 0% REXZEWN A
WE(OPC) thy] ¢ 75, 30% T2 FAsllen, H
48 BAFE Sl FAA AI71E A5 A, €
#7 v) B AGHES Y AL R4 TAATE
BE Z3z|Ed v]s) 42 154, 3= (AX7e A
© 72 UERT

o] RE AT vlal 208 = BAETE wojon RC
B AN BEAT diy] ) o] FAEES A

A7lE Ao 2 vERT

w
I
o,
©
i
>
gﬁ
1o
ol
o

14
iz
)
0,
-
i
O
o
2
>
s
ofn

d
Aol visl F-AE5E7t 50% Has)
oAl BE Aol vla) ol 975k -4

4. RAAAA £919] Be, SN
A, 27] B35 L PN Frhehe A% BolAw
A 28U A5t Adtehs A B o]l it A=Y
4938 Aoz wodrt

5. FA A A L] E9Je] BN A A &
ol Ao Uehgon, ANze e AHE &
2% Y€ B F2 0% ARE B3, opit
A FAAA AT BEARE ARgo] v 2R
ERstt.

6. whehA], AT T3 AR BT AR
2oAAS] ZE&A AR-E 7S skE Sl AdHE

T



328 okoo) . 18

o 1

S P22 ST UTFFEY G FeA T

ALl =2

E =52 sokabt A A% 5 A Aed ¥
TERAAR 71E Y slolueE QkTEES YT
A B85 3 7 TR AL AL ALl G 4
THAE.

il

E;
:I1——£I_

r°*‘
&

paAS S oE 23,

_Lu

kel
89, A3, 7‘1@ (2002) sﬂ°k@7ﬂs}°ﬂ AT ::i
ZE F2E9 WA Ast, §522ERS A7Hd
3]
W53 5 (2000). FAA ¥ 2IE Y HZ ¥
20 gk ABH AT, 20009% 7R SEEREEE
A, #ZFF2E5S], Vol12, No.l, pp.710-713.

o)Fa - WHE
W E 5 (2000). FAEAAH 3 FIBE e A

29 BAEA #e AT, 200045 7SRRI

5A, zﬁuia ?&5}, Vol.12, No.2, pp.503-507.

2 @ (2005). 2IYE 7229

= %“?A B4 sorg g%t WA A8, =

Z3 =82 Vol.17, No.6, pp.931-938.

Browne, R.D. (1980). Mechanism of Corrosion of Steel in
Concrete in Relation to Design, Inspection and Repair of
Offshore and Coastal Structure, ACI SP-65, pp.179.

Saraswathy, V. and Song, H-W. (2007). Building and Environ-
ment Improving the durability of concrete by using inhib-
itors, 42, 464-472.

Tang, L. and Nilsson, L.-O. (1992). Rapid Estimation of Chlo-
ride Diffusivity in Concrete by Applying an Electrical
Field, ACI Materials Journal, Jan-Feb., pp.49-53.

Tuutti, K. (1980). Service Life of structures with Regard to
Corrosion of Embedded Steel, Performance of Concrete in
Marine Enviroment, SP-65, Journal of American Concrete
Institute Detroit, pp. 223-236.

Received April 16, 2007
Accepted July 6, 2007



