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Evaluation of Service Life in RC Column under Chloride Attack through
Field Investigation: Deterministic and Probabilistic Approaches

Seung-Jun Kwon' ™

Abstract: RC (Reinforced Concrete) structures are considered as cost-benefit and durable however performances of structural safety and durability

are degraded due to steel corrosion. Service life in RC structure is differently evaluated due to different local environmental conditions even if it is exposed
to the same chloride attack. In the paper, 25 concrete cores from field investigation are obtained from 4 RC columns with duration of 3.5 ~4.5 years
exposed to sea water. Through total chloride content measurement, surface chloride contents and apparent diffusion coefficients are evaluated. Service
life of the target structure is estimated through deterministic method based on Fick's 2" Law and probabilistic method based on durability failure
probability, respectively. Probability method is evaluated to be more conservative and relatively decreased service life is evaluated in tidal zone and
splash zone over 40.0 m. Chloride penetration behavior with coring location from sea level and the present limitations of durability design method

are investigated in the paper.
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Fig. 1 Concept of probabilistic method for durability design
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Table 1 Mix proportions of target RC column

Slump Strength .~ W/C S/ Unit weight (kg/m®)
(mm)  (MPa) (%) (%) c s
130 24 Type-l 52.0 440 186 358 758
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Fig. 2 Photos for core from field investigation
Table 2 Results from field investigation (total chloride content)
No. Height Total chloride content with depth (kg/m3) Exposure period
(E.L) 5 mm 1.5 mm 2.5 mm 3.5mm 4.5 mm year
6.737 3.288 1.008 0.176 0.157
48 6.759 3.494 1.027 0.188 0.176
8.460 3.422 1.739 0.169 0.169
A 60 8.357 3.574 1.699 0.183 0.181 373
1.187 0.247 0.132 0.118 0.115
o0 1.220 0.186 0.099 0.101 0.089
0.247 0.183 0.157 0.153 0.153
484 0.230 0.176 0.162 0.139 0.136
13.376 11.327 9.095 6.336 3.168
48 13.428 11.315 9.057 6.364 3.238
11.343 9.781 4.141 1.553 0.268
B 60 11.449 9.844 4.225 1.586 0.552 -
1.097 0.611 0.261 0.216 0.172
>0 1.177 0.477 0.200 0.197 0.160
0.327 0.226 0.209 0.188 0.176
46l 0.251 0.169 0.160 0.155 0.153
C 11.5 0.303 0.143 0.136 0.136 0.108 4.73
48 9.844 6.531 3.523 2.404 0.846
8.312 6.972 4.141 1.882 0.658
13.44 7.038 1.709 0.99 0.924
b 6.0 13.61 13.016 2.506 0.87 0.830 471
0.411 0.108 0.103 0.099 0.092
o0 1.168 0.494 0.167 0.125 0.082
132 0.327 0.125 0.120 0.122 0.108
0.719 0.200 0.195 0.129 0.127
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Table 3 Derived diffusion coefficient and surface chloride content
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Types Surface chloride Diffusion
Case Heig content (kg/m3) coefficient (mz/sec)
7.26 1.53x10™"
4.8 12
7.38 1.55%10
8.94 1.52x10™"
6.0 12
A 8.90 1.55x10
(3.73 years) 0.89 227x10°"
9.0 12
0.85 2.04x10
0.24 2.48x10™"
48.4 o
0.23 2.19%10
16.18 5.26%10™"7
4.8 12
16.08 5.34x10
15.64 1.88x10™"
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B 15.26 2.06x10
(3.82 years) 1.09 2.93x10°"
9.0 12
1.03 2.74x10
0.31 1.77x10™"
46.1 1
0.23 2.74%10
c 11.5 0.26 7.24x107™"
(4.73 years) ) ’ ’
11.37 2.15x10™"
4.8 12
10.88 2.09%10
12.25 1.05x10™"
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(a) Total chloride contents with height
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Fig. 3 Total chloride content and diffusion coefficient from field investigation
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Table 4 Input variables for deterministic method

Cover depth Tlr.ne to Critical chloride content
(mm) built-up
95.0 mm 0.2 10 years 1.2 kg/m’
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Fig. 4 Time to built-up of surface chloride content
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Table 5 Probabilistic variables with height from field investigation

Chloride diffusion coefficient (x1 0" mz/sec) -Normal distribution

4.8 m 6.0 m 9.0 m over 13.2 m
mean 2.987 1.585 2.528 16.827
STD 1.811 0.353 0.674 10.079
Ccov 0.606 0.223 0.266 0.599
Surface chloride content (kg/m3)- Normal distribution
4.8m 6.0 m 9.0 m over 13.2m
mean 11.525 12.132 0.878(1.2) 0.308(1.2)
STD 3.955 2.927 0.297 0.136
cov 0.343 0.241 0.338 0.443
Cover depth (mm)- Normal distribution
4.8 m 6.0 m 9.0 m over 13.2 m
mean 95.24 94.72 94.82 94.05
STD 9.710 10.601 12.134 10.251
cov 0.102 0.112 0.128 0.109
Critical chloride content (kg/m’)- Log normal distribution
mean 1.20
STD 0.24
cov 0.20
Y T eom
1
08

Frequency
=
(=]

9.0m
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0.2
wm over 13.2m
0
0 5 10 15 20 25 30

Mean

(a) Diffusion coefticient distributions from field investigation
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J 5.02 /_4.8m
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(b) Surface chloride content distributions from field investigation

Fig. 6 Probabilistic variation of diffusion coefficient and chloride
content
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Fig. 8 Predicted service life from different estimation methods
along RC height
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