@ Journal of the Korea Concrete Institute
Vol.15, No.2, pp.173~182, April 2003

sk

Otk

A 0120 & ERSls 2o

oT—

HA0|2 BESHY| Bt A

r
r
MU
I
rO
-4

st - yae - ol « AR

Uqersn gRgely PAZg s E2gey

(20023 249 79 A4, 20039 3¢9 49 AAR)

Experimental Study on Chloride Penetration into Concrete under
Combined Exposure Conditions of Chlorides and High Concentrated Sulfates

Byung-Hwan Oh”, Sang-Hwa Jung”, Yi-Rong Jiang”, and Jee-Sang Kin®

v Dept. of Civil Engineering, Seoul National University, Seoul, 151-742, Korea
2 Dept. of Civil Engineering, Seokyeong University, Seoul, 136-704, Korea

(Received February 7, 2002, Accepted March 4, 2003)

ABSTRACT

Recently, the durability of concrete structures has received great attention as the number of sea-side structures,
such as new airport, bridges, and nuclear power plants, increases continuously. In this regards, many studies
have been done on the chloride attack in concrete structures. However, those studies were confined mostly to the
single deterioration due to chloride only, although actual environment is rather of combined type. The purpose of
the present study is, therefore, to explore the effects of combined deterioration due to chlorides and sulfates in
concrete structures. To this end, comprehensive experimental program has been set up to observe the chloride
penetration behavior for various test series. The test results indicate that the chloride penetration is more
pronounced for the case of combined attack than the case of single chloride attack. The surface chloride content
is found to increase with time and the diffusion coefficient for chloride is found to decrease with time. The
prediction equations for surface chloride content and diffusion coefficient were proposed according to test results.
The equations for chloride penetration considering the time-dependent diffusion coefficients and surface chlorides
were also suggested. The present study allows more realistic assessment of durability for such concrete
structures which are subjected to combined attacks of chlorides and high concentration sulfates but the future
studies for combined environment will assure the precise assessment.

Keyword : chloride ion, sulfate ion, diffusion coefficient, chloride penetration
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Table 3 Chloride diffusion coefficients by CTH method
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Fig. 2 Chloride profiles for various mixtures under cyclic one-week in chloride solution and one-week in dry condition
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Fig. 4 Chloride diffusion coefficients under single condition
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Fig. 5 Chloride profiles for various mixtures under cyclic one-week in chloride solution and one-week in carbonation condition
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Table 4 SOz contents after 15 weeks exposure

SOz contents ( %/conc. wt.)
Test series | Depth Sulfate | Chloride + sulfate

solution solution
H1-FAQ 0~2mm 101 118
H1-FAQO 2~4mm 1.06 0.78
HI-FAQO | 4~12mm 0.8 091
H5-FAQO 0~2mm 1.28 080
H5-FAQO 2~4mm 083 0.30
H5-FAQD | 4~14mm 0.76 0.48
H5-FA20 0~2mm 127 0.83
H5-FA20 2~4mm 0.7 0.40
H5-FA20 | 4~15mm 058 052
No-FAQ 0~2mm 124 1.03

Table 5 Ci, n, D1, m for single condition

Test series |C1 (% of con'c wt.) n R
HIFA0O 0.3923 0.2165 0.6453
HoFAQO 0.3941 0.1262 05207
HoFAZ0 0.4485 0.2470 0.7211
NoFAQO 0.3127 0.0814 0.774

Test series | D (X10™ m/sec) m K
HIFAQO 47028 0.4430 0.9007
HoFAQ) 58136 0.4687 0.3470
HoFA20 31324 0.38%6 0.8566
NoFAX) 7.2915 04171 0.9063
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Table 6 Ci, n, D;, m for combined condition

Test series |Cy (% of con'c wt.) n 28
HIFA0O 05798 0.34%9 09746
H5FAQ0 06075 0.3762 09584
HEFA20 0.7281 04560 09609
NSFAQO 0.6M3 0.3866 09512

Test series | DI (10 “m"/sec) m R2
HIFAQ 66271 0.2950 0.7028
H5FAQ 70875 0.3739 08120
HBFA20 3.2603 04593 09525
NSFAOO 12218 0.33%6 09119

Table 7 Chloride diffusion equations for various conditions

Under cyclic one week in chloride solution and one week in
dry condition

Series |Chloride diffusion equation

HIEA| Ctx 0= 0.392810 25 1 = enf{ v )|

H%I(;A Clx, H=10.3941 to‘lm[ 1- erf( 27,08 tO 2657 )

A O, t)=0.4485t°'2470[1—e7’f< 988 1 )

NEAl Cx, =0.3127 t°-°814[1 — erf( 05 )
Under cyclic one week in chloridetsulfate solution and one

week in dry condition

Series Chloride diffusion equation

HEA L CCx, 5= 0.5798 f°-3489'1 - erf( W )

HEA) O )= 0.6075 " 1 — e goEovamr )|

H5215A C(x, ) =0.7281 %% 1—erf< 2028 to 7701 )

N O 0=0.6043 % 1 = enf] 5oy
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Table 8 Comparison of chloride penetration under
various test conditions at 50mm depth

1 year (% of | Error |5 year (% of | Error
con'c wt.) (%) | con'c wt.) | (%)

Costa test 0.00893 0 0.06181 0
Chloride solution 0.00690 =227 003525 430
Combined solution |  0.00950 6.4 0.08045 30.2

CTH method 0.00793 -11.2 010477 695

Exposure condition
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