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ABSTRACT

Corrosion products of reinforcement in concrete induce pressure to the adjacent concrete due to the expansion of
steel. This expansion causes tensile stresses around the reinforcing bar and eventually induces cracking through the
concrete cover. The cracking of concrete cover will adversely affect the safety as well as the service life of concrete
structures.

The purpose of the this study is to examine the critical corrosion amount which causes the cracking of concrete
cover. To this end, a comprehensive experimental and theoretical study has been conducted. Major test variables
include concrete strength and cover thickness. The strains at the surface of concrete cover have been measured
according to the amount of steel corrosion.

The corrosion products which penetrate into the pores and cracks around the steel bar have been considered in the
calculation of expansive pressure due to steel corrosion. The present study indicates that the critical amount of
corrosion, which causes the initiation of cracking, increases with an increase of compressive strength. A realistic
relation between the expansive pressure and average strain of corrosion product layer in the corrosion region has
been derived and the representative stiffness of corrosion layer was determined. A concept of pressure—free strain of
corrosion product layer was introduced to explain the relation between the expansive pressure and corrosion strain.
The proposed theory agrees well with experimental data and may be a good base for the realistic durability design
of concrete structures.

Keywords : corrosion of steel bar, expansion of steel, critical corrosion, concrete cover cracking
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Fig. 1 Pressure

Fig. 3 Expansion of steel due to reinforcement
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Table 1 Concrete mix property

W/C Watelg Cemer%t Fine agg. C;)arse AL agents
(%) | (kg/m*)| (kg/m’) | (kg/m) <kgg/§;3) (@)
35 172 491 608 1011 2949
45 170 378 712 1003 756
55 168 305 792 987 305
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Table 2 Physical properties of materials

W/C (%) 35 45 55
Comp.
strength 44.30 MPa | 40.28 MPa | 27.54 MPa
Tensile
Concrete strength 412MPa | 393 MPa | 3.10 MPa
Elastic * 197 101 Mpa|30019 MPa| 24821 MPa
modulus
Poisson ratio 0.18 0.18 0.18
Yield strength 392.3 MPa
Steel Ultimate
strength 480.2 MPa
| | eve
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Fig. 5 Specimen

Aoltk. 5 1F) A7)l ojs) A4 EE s g 84
of e 2] FHo) WALl A 120] 0|58 el
18t o) 2ao) AZETE Aol 4 (e A4

Aukgol ZAodsle Ak 7t nd EAE (Yo A

$2 25 W) ¢ o A3y
veRd Aol
1t
X= WF ]

oA7)A, T $HIEE SEE AR A7l A
e AR Folshe A9 & Fe A% 129
702 IF = 96500Ce] Mt 2ol

£ Al yaslzel WIAgs Al of A
aol Al AYL N2 Ve 2Hstgon, A 2
& W) el $AE seE A5 BlE 7
% olek olal P8 ARl 2T Al wret AR
o yASIZE FAY 3 AU U 4 gonz A9
do] WS olgskm BAY Ao B5E ¢ & Yk
Fig. 7& 2985 Naol thsfe] Azl whe} elofzl 34
A5 2712 Uehd Rolv), Fig. 82 Azl w2} o]
SR ERENCE FEDE EEREL L

a2
tlo
>
N
z

tlo
AN
o
=)
8
Sl 1
Fl
rg
r'O
ol
rE
of
i
fo
Ay [
ox
rlo

, Fig. 5914 Lfehdl 23
Gl 22 A B
aze|E 3% HasgcHFg.
SEEEEEY @
34 27l HE ¥y

i

wy rlo ¥2 B
o
= g

i 6
Aes 45
38 42 2493

B A e

\=]
I U Age

| -Strain gauge

AN

Anode : Reinforcing steel

N
Cathode : Stainless steel

Fig. 6 Corrosion circuit

gmEde|Ests| =28 H14H 62(2002)



0.5
N4
0.4}
<
= 03}
c
o
S o2t
0.1 P
;,__,___4"
0 . , R .
0 40 80 120 160 200
Elapsed time (hour)
Fig. 7 Current according to time
10
8 -
9
& 8T
wn
o
2 -
N4
0 . R . .
0 40 80 120 160 200

Elapsed time (hour)

Fig. 8 Corrosion according to time

41 Z=5H0 WE FH HAYS

Fig. 9= 238E 7% 40 MPa(ZAHEY] 045)0] o
sof RARES] UE W UFEL FEe] FAEE 1}
ehd ok, dwdoz ¥ =
azle ¥W VYRS e A ¢ 4 ok
24270 N8 57
Holqe 2ads 2d us
= depiz 9

R

Jjm

Mo (& lo mu o rly

ﬁd
. ol
v
N
4z
1
o
S,
K3
Ir
g
i,

>,
o
=
=
]
¢
1
Ao
ut
NCOER Y

42 SAHEH[| TtE #H HHE

Fig. 10& #80] zt7} 2 cm, 4 cm$l 7ZA-$ol théle]
AAso w2 ¥d HYEL EAMENERE e
oty Fig. 99 viVIXZ FAlo] Majgo] wet 54

HEE AN 22 wgge] A3l 2 Wt et

ol

e %5 gk
5% $77k 2eme) Aol FAAEH} el
me EY NS Welekge] 2 Aol glovt vk
EA7t demel B3l BANENZE Hobgel Weh &
JE YAt Fobol ek FUF =7]9] WY

o 2o Hao yJB_?SkQ o 4 9l o]A

7) SIsh o we APl Basn, ARY FRAHE
dENV s Sdol AUkl 92 oles)

”]*ﬂfi i ] wA i7’°d°] wAel Aow WriEd uh
A B AYeME 2 digdy Fud FEL dod)E
Baek 2 olARA e critical corrosion)S ¥H HEE

[e)

iz AL tﬂo]»— 2™ RAGoz Holsly

o, o]2RE doj7l 7+ WE QAR o] Table 39

9¥sjo} gk & 4ge) A/ I W5 Hask A
& Nl e BEAs) $Ae) odfdd
YPATAFE 2 YTk NEFAL B AS 2

2 4+
SUE GagTel Ue ARASE Ba o bk

F

600

450

300

Strain (4)

150

W/C=0.45

o] 2 4 6 8 10

Corrosion (%)

Fig. 9 Surface strain according to cover

600
C=2cm C=4cm

4501

W/C=0.55
300

W/C=0.45

Strain (4)

150
W/C=0.35

0 2 4 6 8 10

Corrosion (%)

Fig. 10 Surface strain according to W/C



Table 3 Critical corrosion

Variables Critical corrosion (%)

N2 0.875
N3 - 1.92
N4 4.064
N5 -

L2 0.89
14 3.6
H2 0.995
H4 -
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Table 4 1, & porosity

Variables| w/c| Poon Ur Average porosity, ¢
(pm)
N2 0.45 | 0.0568 5.689 0.62
N3 0.45 | 0.0568 8272 0.52
N4 045 | 0.0568 | 11.239 0.43
1.2 0.55 | 0.0697 5.387 0.64
L4 055 | 00697 | 10975 0.45
H2 0.35 | 0.0510 5.626 0.63
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Fig. 24 P & ¢&,,y according to v,
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Table 5 € fropexpansion & Kot

Porosity Uy € freeexp ansion K jjust
25 0.4246 193.81
0.25 3.0 05182 244.04
35 0.5858 299,18
25 0.4014 180.28
0.35 3.0 0.4956 230.37
3.5 0.5625 260.43
25 0.3798 177.85
0.45 3.0 0.4745 219.51
35 0.5443 264.70
Avqrage 25 0.3114 89.87
porosity for 5 0.4062 99.40
each
variables 35 0.4783 109.86
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Table 6 Porosities & v, used in analysis

Variables Porosoity v,
N2 0.35 35
N3 0.35 35
N4 0.25 25
L2 0.52 35
L4 0.35 35
H2 0.35 35
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