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Application of Macrocell Sensor System for Monitoring of Steel Corrosion in
Concrete Structure Exposed to Marine Environment
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: Corrosion of steel embedded in concrete is one of the foremost factors that affect the durability of

concrete structures in marine environments. This paper presents an application technique of anode-ladder-system to
evaluate corrosion behaviours of marine concrete structure. In order to investigate the behaviours quantitatively, the
measurement of potential and current was performed on the concrete elements subjected to the penetration and
diffusion of chloride ions. The main variable was the heights from seawater level; namely 3.7, 6.0 and 8.2 m. As a
result of the monitoring, it was found that the corrosion characteristics differently behaved with the increasing height.
Additionally, through migration test, the relationship between compressive strength of concrete and diffusivity of
chloride ions was observed. It is suggested, ultimately, that in order to reduce or mitigate steel corrosion, both
appropriate concrete cover depth and high-quality of concrete in early ages should be done.
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Fig. 1. Macrocell system consisting of a black steel and noble cathode.
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Fig. 2. Apparatus of macrocell sensor (anode-ladder-system).
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Fig. 3. Installation depth of anode-ladder-system.
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Fig. 4. Size and location of specimen for marine exposure (unit,
mm).
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Table 1. Detail of concrete mix proportions
Concrete mix w/b ratio cement, kg/m’ water, kg/m’ fine aggregate, kg/m’ coarse aggregate, kg/m’
35 MPa 042 405 170 713 1020
45 MPa 0.35 486 170 640 1027
-600
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Fig. 5. Detail of migration set-up.
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Fig. 6. Potential-time behaviours of anode-ladder-system embedded
in 35 MPa concrete (E.L.: 3.7 m).
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Fig. 7. Potential-time behaviours of anode-ladder-system embed-
ded in 35 MPa concrete (E.L.: 6.0 m).
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Fig. 8. Potential-time behaviours of anode-ladder-system embed-
ded in 45 MPa concrete (E.L.: 8.2 m).
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Fig. 9. Current-time behaviours of anode-ladder-system embedded
in 35MPa concrete (E.L.: 3.7 m).
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Fig. 10. Current-time behaviours of anode-ladder-system embedded in
35 MPa concrete (E.L.: 6.0 m).
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Fig. 11. Current-time behaviours of anode-ladder-system embedded in
45 MPa concrete (E.L.: 8.2 m).

AA 2] Azl gk F-2115-2] As& vekd Zlo]
217} Fig. 9 9 Fig. 100]™, 3+l 82m %°]°] 45MPa
ZAYE Fo wiazAAe] HeAsE vER 3l0] Fig. 11
oJth.

Fig. 9°ll Webst5zo] aiH
=i wERT|o) vwd =
= vehilor, 1057049 FAd7E Aglehd d =E
AJZFA 15 pA o] F-21 77t
™, A6 ol l:==o] - wE7 |3 2
S vz e of-=of wlglzlo]e] whet Mo
F Aol AA FEFE W= F 0w AR

9, Fig. 102 3FHO2HE 6.0 m FolollA] o=
AL FAAF AsE ekl Aoz2A, w273 e &
HE ofie=2) wi]lzlofel whet F-A o] Bl HlwA
et vebds & 5 lvk vhA] weliA, vl zlo) 7k 22
Al A2 E A39] oy HFR7E idzlol7t 2 A4, A5 H
A6°] ol i=t] Aol vlste] A Ve bR ER], K2 Ed s}
o] 7ks7dol AA vebds e S QASiHh

3l
pat



246 olzH - FUiF -

IS ZAPE@S MPa) Toll WiYdE o= T
A7 ahs =EAIRPEE YER Zo] Fig. 110]t} o] 1
90 & % 9520] Il W s w2 4
o] o)zt AA] dgrom, Ea] 7| w=ZA 7oA ol
REe] FAAFE= 15 pA o138k ahs vEREEA, ﬂﬂ]
E ol zoleel 4571 Aol Aol st
o] Pyl Ao = Yeuitt

o] AF A= *Uuq_i J_X]' 1| 21, anode-ladder
system®] -2 5T A5 el H O 2 Fole whet
ZdolatA Yebets OEL T 3

E} 131‘% B Aol ASE
= Az, v gete
Lé} ] HoHHL RO A7 eE7 IR S48
waljof 3 7 o WA

Al
o

A

5
Sk
er

0131 O]X]'oﬂ JO]’O% 3
and Buenfeld, 1997; Sun et al., 2004). &3, 2T E
B} Aess 20 F A ATe vt
ol& Aol 23 AzaAo] waE] AT,
Fig. 12 anode-ladder-system?] 2| E IS
E(ADSE U oi==(A6)2] 919k 72 BAE =43t
3 Ao|t}, o] JHA & 4 9Fo] Halegadel [150 mV
9l 15 A B Bl Ralodolo A Al Thapl B
2}213%, nl2l ool A= A6 I TR E—za}z
I 3tk 7t anode’d 9] W HFo] AF
T slo, ZaPE mjAdzlole] e
folatA| EAltEZA, LAY E F
Qe R e shtEA TAYE J5
} a3t o4ty st

&=
Y]

O
P

m
[

l:i
HE

& A

&
i=]
-5

ﬂl}&

n 2> o ;2

7]

A
fz
N

4.4 22| EQ| HA0|2 EMEM
_*ELE_E]E = oﬂ/\o]g_g jz}A}JéALO_ E'—E/_E]E ;L}_%g] 8

T4 D FEFIE Gohske glolA vk Fadt set
100 — ‘ 5
] |
] | )
i o o o) | * o
'é i % 4 ° o o °©
z b I 9*@ ..
- S S
S 10 * . s o *
> - | ®
] ®
E’ ] I e e 4
5] ¢ .
& .
3 1 O Al |
O i |
® A6 ;
|
1 T T 4 T T

-400 -300 -200 -100

Potential, mV versus cathode

0 100

Fig. 12. Potential vs current of single anodes (Al and A6).

Sk

o
'7121—1—1‘

>
b
i
flF
>~
13
e
>
=)
m

5, =- @ﬂzﬂﬂ]
e A Ejw, ERAls f1sk ﬁ]oé%%k(chlonde threshold
level) AHg ol = wl-¢- 5 Q3FA] 2-8-3H)(Shekarchi et al.,
2009; Song et al., 2008).

53], ZAE T faolE PEFE FAES] ¥
Sk WA A Qlom, MAE FAEdTS |

Aol FAE7t oA HTA AR STk |
Ch(Johannesson, 2003). Al-khaia(1997) ¥ Elahi et al., (2010)
& FAYES] Aol i gaole] FkEA el et A
TAIE LSS 01 Manera et al., (2008)> A2 7
A1 I E sle] HAIE AdAoR Felie) 2
ATrollM = oA "%fi I E FAg)} AR Aes

E
Hohs ZAES Alxd F G4olo gkl it A

WABE Astel ) FAAE} ol Aol
o BAE FHeknst sk,

WA NS A 8T B FAIG fALE
sk aelEe] MAPYHS] G0l SPIDy S
232 A Zge] U o] Fig. 1301tk o] 1
S % 5 si50] 27 35 Mra 22181
9] A5} oF 4.2¢107°m?/sQ) WhA, 45 MPa 51
ok 2.6x10"m’/se] FAHAFE e 2x, 22 HHUL

of whe} Al vhEAl vebds & 5 Qlvk e &
7R E s ZavEe] e 9 2410 WAl
sl et ZAYES] ShAlTE AR AR JERLS.
o, A Lol F ZABEL] Dy B 2F 0.73-0.75%
10 m*/sel Ao AHE Qi)

wbA], Fig. 6-119] anode-ladder-system®] F-21A% A5
A= ZAES] 27|AP ] FAEA ] AajAQl J3E
Eles Zioi *’7H/\1 |

Y, BRI § sisl gz

ARSE= R CI

S =2

7] \__O
3 AT

——&&—— 35 MPa concrete
—&@—— 42 MPa concrete

Dnssm, x10"> m?%s
-
o
| II\IlHl L1

—

L1 II\III\

0.1 T T T T T T
0 2 4 6
Time, months

Fig. 13. Dnssm values in 35 MPa and 45 MPa concrete by laboratory
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