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Corrosion Properties of Reinforced Concrete with Types of Surface Cover and

Covering Depth under the Combined Deterioration Environments

des  AgEe g A Zs:E BT
Kim, Moo-Han Kwon, Young-Jin Kim, Young-Ro Kim, Jae-Hwan Jang, Jong-Ho Cho, Bong-Suk
Abstract

Generally, reinforced concrete is one of the most commonly used structural materials and it prevents corrosion of steel bar by high pH of
interior. But, as time elapsed, reinforced concrete structure become deteriorated by many of combined deterioration factors and environmental
conditions. And, there are large number of deteriorate mechanism of the reinforced concrete structure and it acts complexly. It is recognized that
steel bar corrosion is the main distress behind the present concern regarding concrete durability.

In this study, to institute combined deterioration environments, established acceleration condition and cycle for combined deterioration
environments has a resemblance to environments which are real structures placed. After that to confirm corrosion properties of reinforced
concrete due to permeability with covering depth and types of surface cover under combined deterioration environments, measured carbonation
velocity coefficients, chloride ion diffusion coefficients, water absorption coefficients, air permeability coefficients and electric potential, corrosion
area ratio, weight reduction, corrosion velocity of steel bar,

The results showed that an increase in age also decrease carbonation velocity coefficients, increase Chloride ion diffusion coefficients and
increases water absorption coefficients. As well, an increase in age also increases corrosion of steel bar. Data on the development of corrosion
velocity of steel bar with types of surface cover made with none, organic B, organic A, inorganic B, and inorganic A is shown. As well,
permeability and corrosion velocity of steel bar with covering depth is superior to 10mm than 20mm. And it is confirmed permeability and
corrosion properties of steel bar are closely related.
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Keywords : Combined deterioration environments, Carbonation velocity coefficients, Chloride ion diffusion coefficients, water absorption coefficients,
air permeability coefficients, corrosion velocity of steel bar

1. A & oz Gals FHNL 2WHd HET AT AT
& AT e $HES FHI) Id) AT 93E
ALFEARY AFES AARe 2ader Agen O] TSN T2 @A 784 AAgel 22 v
a9 oMo og F2 WRAHE U TFA ol oM e & S¢dsty AS d593ks Aoldt
$58 BTA AYFRARLN A8sle] gouf 5 CVIHESE ASHEE ARAL A2 2uaD 7. o
Zolx FRES RaIY Fese Bydd Az o BT WA B duAEs WA He A A2
Ashel AT RN} TIWY F AT 9 FRUY Hap  THETEEN AT FAWY 2 2pRng AfL
So 42E FARe] AT el D 2 S 2e TgAstel B AAR G0 GAT Aol
el A4 ok o] AHY BRTANEFEE 47 HeH B ATAME 28 99, A2eE, 2sAL
BEBE 98 HIZTIYETZES YIFAH Frrdol o HHE FS TEste] AA FxEe] AT HPHd 43%
H453 glon), 22 o} 4% 59 95AQ gag 4 FATF Tl T2 AEA3 9= A o
Qute WAz B3 glom, Ay 2AAYY ALE T BEeAgEA U EAHE NG AZEAYUE AEAE
g AT AAAT Ax BYAA AHRAL ARgxn IS FVAR) Ads) B2 2AYE WR2 AT

g 2AAL 7HA T 9ot 44 4 ié_%ﬁl FAEAE AgAFH oz vaPdEgezs
N ¥ A2EadEFzEY AARY SARSHYI)Y
TAAY, SR AT DF, TR P BeAEIYe) AR 4xUst Aade g9 9

* 34, sAYEE aeta 24, E3at

N2ALE ANSZA o
o Ry, YUANER) FFATE AY 97 1EARE AN

119



FFAFA T =73 A4 15
(B411%, 20003 34)

Table 1. Experimental program
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. Types of surface Deterioration Covering Measurement
M
Seris cover environments depth (mm) casurement Iterns Age (Cycle)
- Individual
I | Nome treatment deterioration 3 - Carbonation depth (mm) 7" 28",
- Combined - Chloride ion Penetration depth (mm) 56”2), 907
deterioration
- Carbonation depth (mm) and Velocity coefficients (mm/+ day)
I , ) - Chloride ion Penetration depth(mm) and Diffusion ooefficients (cm’/sec)
’ Orga@ based A - Water absorption coefficients (kg/m’y hour) 10
: Ofg‘lm‘f ﬁi . Combined - Air permeability coefficients (cm/sec) ;8
——— . Inorganic tec
. Toorgaric tased B deterioration . Electri.c potential (‘)f steel bar (mV) 40
m | - None treatment 10. 20 - Corrosion area. ratio of steel bar (%) 50
. ’ - Weight reduction ratio of steel bar (%)
- Corrosion velocity of steel bar (mg/cm’year)
1) Days : Measurement Ages of Carbonation depth
2) Days : Measurement Ages of Chloride ion Penetration depth
Table 2. Factors and levels of the deterioration CO, 15% CO, 15% CO, 15%
. , ¢ » > » -
environments T60C 60T
Series Factors Levels RH 60% RH 60%
- Acceleration by CO; 5%
- Carbonation - Humidity 50%
1 - Temperature 20C
- Immersion in 3% NaCl solution
« Salt damage - Immersion in 3% NaCl solution T20C
and Drying per lday interval RH 30% N
- Carbonation - Acceleration by CO, 15% 1 day e ! day
o Salt damage - Spray by 3% NaCl solution « 1Cycle (2 days)
m |- Homidity - Setting up from 30% to 60% Fig. 1 Accelerated condition and cyce for combined deterioration
- Temperature | - Setting up from 20T to 60T environments

C0: 15% o) NaCi 3%

8080338

Humidity
30~60%

Temperature
20~60°C

Photo 1. Combined deterioration chamber

Table 4. Concrete mix proportion

Fine Unit Weight (kg/m®)

W/IC aggregate

(%) ratio Water Cement Sand Gravel
(%)

60 43 185 308 778 1048
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where, C : Carbonation depth (mm)
A : Carbonation Velocity coefficients (mm/+v day)
t : Time (day)
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Fig. 2 Specimens for chloride ion diffusion coefficients, water
absorption coefficients and air permeabiity coefficients

de‘ion penetration

©19mm Steel bar

[:;—-—%———500nm—-—-——,|

Fig. 3 Specimens for carbonation depth, chloride ion penetration
depth and electric potential, corrosion area ratio,
weight reduction ratio, corrosion velocity of steel bar.

C(x,t): CZ"F( CO_

............................................................... Eq. (2)
Initial condition : 0, x> 0, t=0
Boundary condition : Cy, x=0, t) 0
where, C, : Chloride ion concentration at the surfac
(x) : Chloride ion concentration at depth X after time t
G : Initial chloride ion concentration in concrete
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= N | et Eq. (3)
where, m : Water absorption volume per square meter (kg/m’)
2.5

w : Water absorption coefficients (kg/(m’h™"))

: Time (hour)
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where, K : Air permeability coefficients (cm/sec)
P, : Atmospheric pressure (kgf/cm®)
P, : Load pressure (1.0332kef/cm®)
h : ‘Air permeability coefficients (cm)
Q : Volume of air permeability (cm’/sec)
A : Working area of load pressure (38.465cm®)
7 * Unit weight of gas
{air : 1.205X 10°kg/cm’)
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MS(%):ﬂ)SI;uﬁﬂfi S e Eq. (5)

where, Wrs : Weight reduction of steel bar (%)
Iws : Intial weight of steel bar (mg)
Aws : Weight of steel bar after corrosion removal (mg)

S
Cy= As< 15 Eq. (6)

where, Cv : Corrosion velocity of steel bar (mg/cm’year)
Wr : Weight reduction ratio of steel bar (mg)
As : Area of steel bar (cm®)
Tp : Testing period (vear)

@©10x3cm Concrete specimens

Fig. 4 Testng method for measwing water absorption
coefficients

Fig. 5 Testng method for measwing ar permeabiity coefficients
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Photo 2. Testing method for measuing electric potential of
steel bar
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Fig. 9 Variation of chioride ion diffusion coefficients with time
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Fig. 10 Variation of ar permeabiity coefficients with time
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Fig. 11 Variation of water absorption coefficients with time

3.3 BEgls aASIM B22I2|ES BAEM A
E % 2N (ME= 1)

D B3ds gt A2 A4, BAdExE o

SHAAE) A3 HE 2 B4

Fig. 12+ 3| E%74 10mm HATEIIYE A YPA2 Enly
B F5E B9 Atel 2ol wE A2 AdANE e
W ez Egdst Alo|Ze] AR, S AT AdAAL
oA gL Holx 9o FY Abo|FelM FAHE A
A7} 7H B Aoz Jepy

Fig. 13~14 9 Table 5~62 AT ZTIHE A PFA 9 Edy
B F5E 5g93 AlelFd ¢ ¥4EAE € FHRt
& vehd oz Ato]Fo] ARERRE gho] Frbste A
22 ey
=3}, 59 Aol Fel o] AWk oz FA=)) #7714 B)
F71A A 714 B) F714 A9 &oz2 FAE AgAsL
714 B el EdgEAeE AAgte s AT B4
A 7e] 7hed ALz Jehgrl

g

2) 5§93 s AoA&Re] dE HE o 34

Fig. 15 3254 20mm HFZAE APA e Fdy
E FHE ATY BASEE Y Aoz Egds Aol
2o AR, E FAEEE FUIEHE HIFE Ho|a glen,
Egd3 30cycle o F FALEE o= Ax YAHI FL=E

123



#3454 THE A A4d 12
(113, 20049 39)

Table 5. Corrosion area ratio of steel bar with combined deterioration cycle and covering depth

Cycle
Covering 10 20 30 40 50
depth ‘
x . 3 - ,,,. - N ‘,»
Wy ’ [ ‘ ( ) N a “ Tt
.- T P
10mm . . L | o R ,‘:f'
2.14% 6.24%
)
20mm e N A
; e n n
0.38% 1.14% 17.54%
Table 6. Corrosion area ratio of steel bar with types of surface cover at 50 cycle
Types
Covering Inorganic based A Inorganic based B Organic based A Organic based B None treatment
depth
R f « :”'“,‘_ﬁ- “Fe
:.;-'.-d'ﬁ" T ! J} ; . ‘. .:. ‘ ) '-L
- = » et ‘ | JL
10mm w“«.‘, * o o —— ., » te ! '_ * .
] W il . ‘
13.37% 19.74%
- PN~ N
‘ M . ‘ * e
"{.L -*' ,a‘¢. iw‘.« 5y
20mm - - :‘ﬁ :
s ,* *ﬁmp i
8.64% 9.66% 12.82% 15.51% 17.54%
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12 Variation of electric potential of steel bar with time
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15 Variation of Corrosion velocity of steel bar with time
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16 Corrosion velocity of steel bar with types of surface
cover and covering depth at 50 cycle

0.80
y = 0.0525x - 0.2277
R=0.9138 pa

0.70

0.60 f

050 p -

(mg/crfyear)

I

__covering depth

030 10 mm

0.20

5 10 15 20
Carbonation depth (mm)

17 Relation between corrosion velocity of steel bar and
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