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The Prediction of Remaining Service Life of Land Concréte
Due to Steel Corrosion
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ABSTRACT

This paper presents the prediction of remaining service life of the concrete due to steel
corrosion caused by the following three cases: carbonation, using sea sand and using
deicing salts. The assessment of initiation period was generalized considering the existing
prediction models in the literature, corrosion experiment and field assessment. To
evaluate the prediction equation of rust growth, the corrosion accelerating experiments
was performed. The polarization resistance was measured by potentiostat and the
conversion coefficient of polarization resistance to corrosion rate was determined by the
measurement of real mass loss. Chloride content, carbonation, cover depth, relative
humidity, water-cement ratio(w/c)., and the use of deicing salts were taken into account
and the resulting prediction equation of rust growth was proposed on the basis of these
properties. The proposed equation is to predict the rust growth during any specified
period of time and be effective in particular for predicting service life of concrete in the
case of using sea sand.

Keywords : prediction of service life, steel corrosion, carbonation, sea sand, deicing salts, corrosion
accelerating experiment, polarization resistance
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Table 1 pH range of measurement of various indicator

Indicator pH range
Tropaeolin O pH 11.1~12.7
Alizarin yellow R pH 10.2~12.2
Thymolphthalein pH 9.3~10.5
Phenolphtalein pH 8.3~9.5

Table 2 Examined bridges

Name of . The time of
. Location X
bridges completion

N Young-Dong
Sum-Gang | i hway 60.7km 1971

N Young-Dong
Ja-San highway 60.6km 1971

B Young-Dong
Dong-Hoa | 1ichway 78.3km 1971

e Young-Dong
Sok-Sa-Chon highway151.2km 1975

. Kyung-Bu
Kim-Chon | 4 hway229.4km 1970
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Table 3 The result of carbonation depth (mm)

Examined Place Phe. } Thy. | Ali. | Tro.
Pier | 3.7 | 6.6 | 7.5 |12.3
Sum-Gang Abut | 14.5| 15.0 [17.6{19.9
Abut | 13.3|15.719.8{21.4
Abut |28.6| 32.535.7]39.2
Abut |12.1|18.9]19.4123.1
Abut | 5.8 | 8.0 |10.5]11.0
Abut | 5.1 | 6.0 | 86 | 8.3
Sok-Sa-Chon | Abut | 6.3 | 9.7 |13.4|15.9
Slab |16.4|19.1 |21.7|22.6
Slab |} 9.3 ] 19.3122.8|24.1
Average 11.5}15.1|17.7|19.8

Ja-San
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depth.
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Table 4 Steel loss limit and standard normalprobability

parameter( a)
Loss limit by Standard nomal
corrossion (%) probability parameter(e)

1 2.33

2.5 1.96

5.0 1.65

10 1.28

20 0.85

30 0.52
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Table 5 Mix proportion of concrete

C w S G
w/c (kg/m) | (kg/m) | (kg/m) | (kg/m’)
0.4 445 180 719 1024
0.5 348 180 731 1068
0.6 297 180 774 1097
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o [ J L

' Potentiostat
elel

Fig. 4 Polarization resistance experiment device

2IAYe] 948 AR @9 AAIP BaY
& vlastel WBAS BRE FRoE DL A
ek, A BEe AH Aol whe} we
A FReAE DEFES ALHRen RE
EaDEAYY AT AYTHE nelda 7o)

73



of kA%t Bk AAZE Aoz a7 Aol
2 ZaNE Aol LAtz JHHsE RE
adz AMgElE FEe glotn dddr. =29
Hilol2 FRFE A o FAIFE I
FE3 FHAE Folual ST Fig. 5&
HEATE 73] AE diolHE 13 AEA
T ol WAL B 0.044VE AEHAL
28AF RE vlzd g4 JEst

__dv _ BB __ B
R i = 2Btk BT BY Gy O

Mgt
m="2F

(8)

_ 55.85x AX B dt (7
5% 96500  J dR,

71N Rye EFAY(Q - o), Ve HASHV),
Be HEASF, me AH(g), icorrd FAAF
(Afem), Ae E9 dd3 (o), tv A7 M2
Aol i 159 A (55.85g), z& ol&Folxn
71 2, F= 96500A, Qeorrs FA1 A #H(g)
< JEpdTt.

1.40

-

120

I y = 0.0438x P
a R? = 0.6709 /
= 080 ry
2 P
E 0.60 7’
@ 0.40 *
= /

0.20 >

.
0,00
0.00 5.00 10.00 15.00 20.00 5.0 30.00

XA (_dt
9% 96500 J dR, &V
Fig. 5 Regression for determining coefficient B
4.3 042] 7}X| Z=Hol|l WE HAISN
4.3.1 d3lol2 TR e FAEH

dfol 22 o3 7iA] WYez FIAYE P2
B ARAY. A AR AL AE A

74

43 A, st AT B 5 Be AUt
glen] olEg ZAgd TAYES FHYL g
dztagld Blstd wmeA Fo] dEn. d3
ol 29 9% YARAEEE pH THo] glY)
& Fsels Awso] gt HFIFW
9] pH7} oW ¢ A& d3lold o8 3
o FAE & o sAE ALeE Ao A
A7 HE AL d3io]&e HERE EAdE
Hol7] el AR s=HT Te Fslol
o] ¥Fd A ZIVAHRE R2o] dojgd &
Atk Aolth, oA HAEEAE AA 3l A
ATHFEY FRAGES SoE F2lo] A& d
od F e ekt Fig. 67 72 g3l
& HIbgol) wt BFAYT gHAAAE AY
of wet vebd Aot A RALEEE U
Bl ESAEL g3ol2¥d) ue} FAT A
ol Jot YA FAARE el wA
AR E 27 AP e FAH TS Vel
A ¥ 300Y ol Fol| HARE FAHo=
FEsht.

Fig. 8& #4&%r A% 1008744 &<
BT 54& Roljtprt 1 o]Fo] dslol o
ugt FFHQL A7E /S BAFEY, ol 2
71 APA ZIHEV} F3Ego] ofF EuA
BT WF-9 FRo] B B AwEielr)
2o R BodHn. neby RAEEd i P}
E A% 1004914 1509 ol %o &A@l Zol
ngeittn AZEn ole 71E dFdE P
‘5,7:}6;_}1:}-.(14)

8
8

kQ})
]
2

(

Z—50S00-30 —W—50S005-30 —#— 5080130 |
—*—505015-30 —%—50S02-30 —@— 50504-30 r»

—+—~50S08-30 —W~-50516-30 —==—50832-30

nce

T 2000

Polarization Resist:
5 o
8 B

g

g

Time(Days)

Fig. 6 Polarization according to time and chloride ion
for wic=0.5, cover depth 30mm

Eaz|E8s=2% A1235% 2000.10.



700

(4T 50500-30 50500630 —k—50501-30 |
—%—50S015-30 ~—#—50S02-30 ~#—50504-30

{ —+—50808-30 —M—50516-30  ~—=—50832-30 |

600

500

Half Celt Potential{mV)

0 100 200 300 400
Time(Days)

Fig. 7 Half cell potential according to time and chioride
jon for w/ic=0.5, cover depth 30mm

1000 g ———————
[—#=50500~30  —W—50S005-30 |
0900 —&—50501-30  —M—5050.15-30
| —w—50502-30  —#—50804-30

0800 | —w—50808-30
B o700
<
© 0600 t
z
& os00
<
S 0400
o
Q
5 0300 F
&)

0200

0100

0000

0 100 200 300 400

Time(Days)
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jon for w/c=0.5, cover depth 30mm
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Fig. 17 Corrosion rate according to deicing use
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Fig. 18 Half cell potential according to deicing use
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