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Chloride Diffusion Coefficient Evaluation in 1 Year-Cured OPC Concrete under
Loading Conditions and Cold Joint

Kyeong-Seok Oh', Seung-Jun Kwon®*

Abstract: Cold joint caused by construction delay is vulnerable to shear stress and it allows more rapid chloride penetration and diffusion. In the paper,
investigation of chloride diffusion coefficient is performed for 1-year cured concrete considering compressive and tensile loading level and cold joint.
The results are compared with the previous results in 91-day cured concrete. In the 1-year cured concrete without loading, 10.7% and 10.5% of diffusion
reduction are evaluated for those in 91-day cured concrete, respectively. The reduction ratios are almost similar however the result in cold joint concrete
shows much higher values. The results in 1-year cured concrete under 30% and 60% of compressive loading show reduction of chloride diffusion by
10.9% and 5.8% compared with 91-day cured results, which is caused by steady hydration of cement particles, so called, time effect. In the case of
tensile loading, the differences in results are not significant regardless of time effect and cold joint since micro cracks which is weak point of concrete
is much dominant despite of long term curing.
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Table 1 Mix proportions for OPC

W/C S/a  Gmax Slump Unit weight(kg/m’)

%) (%) (mm)  (mm) W C S G

60.0 414 25 180 180 300 735 1040

Table 2 Chemical and physical compositions of OPC

Si02(%) ALO3(%)  Fex03(%) CaO(%) MgO(%)
21.0 429 3.35 62.10 2.27
Physical properties
SO3(%)  Ig. loss(%) - y. prop - 3
Specific gravity Blaine(cm?/g)
2.35 2.73 3.16 3,214

Table 3 Physical properties of sand and coarse aggregate

Items Ginax Specific ~ Absorption M
Types (mm) gravity (%) o
Sand - 2.60 1.00 2.70
Aggregate 25 2.62 0.78 6.78
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(a) Normal concrete (b) Cold joint concrete

Fig. 1 Concrete sample for compressive stress
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(a) Normal concrete (b) Cold joint concrete

Fig. 2 Concrete sample for tensile stress
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Fig. 3 Schematic diagram for loading frame(compressive and tensile
stress)

(a) Compressive loading

(b) Tensile loading

Fig. 4 Photos of inducing loads
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(b) Strain variation during inducing loading

Fig. 5 Stress and strain variations in the test

Table 4 Accelerated chloride test condition

Cathode Anode Applied Thickness Applled
voltage time
0.5M 0.3M
NaCl NaOH 30V 50 mm 6 hours

Fig. 6 Photos for RCPT(rapid chloride penetration test)
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Table 5 Result of Compressive and tensile strength

50 5

W Compressive Strength W Tensile strength
30 ‘
20 ‘
10 ‘
0 o0 0
Fig. 7 Compressive and tensile strength(91 days and 365 days)
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Case Strength(MPa) (a) OPC (b) OPC Cold joint
1 2 Average Fig. 8 Photos for depth of penetration(control)
91 _O* 32.6 31.9 323
Compressive  91_OJ* 323 32.9 326 Table 6 Results of chloride diffusion coefficients(normal condition)
strength 365 0 36.9 37.9 37.4 Case Chloride diffusion coefficient(x 107> m*/sec)
365 0OJ 35.8 36.6 36.2 1 2 Average
91 _O* 3.7 4.0 3.9 91 O* 22.1 21.9 22.0
Tensile 91_OJ* 2.6 2.8 2.7 365 O 19.7 19.6 19.6
strength 365 O 3.8 42 4.0 91 _OJ* 24.6 22.7 23.7
365 OJ 2.7 2.8 2.8 365 0OJ 21.4 21.0 21.2

O: OPC, 0OJ: Cold joint concrete
*: Previous result(Mun, 2016)
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0O: OPC, OJ: Cold joint concrete
*: Previous result (Mun, 2016)
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Fig. 9 Comparison of diffusion coefficient with age effect
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Fig. 10 Photos for depth of penetration(Compressive 30%, 60%)

Table 7 Results of chloride diffusion coefficients(Compressive)

Chloride Diffusion Coefficient

Load Case (<10 m*/sec)
1 2 Average
91 _O* 20.0 21.5 20.8
Compressive 365 O 17.8 19.6 18.7
30% 91 OJ* 383 374 37.9
365 OJ 30.7 27.1 28.9
91 O* 29.2 29.8 29.5
Compressive 365 O 21.8 244 23.1
60% 91_OJ* 43.0 414 422
365 0OJ 343 341 342
0O: OPC, OJ: Cold joint concrete
*: Previous result(Mun, 2016)
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Fig. 11 Chloride diffusion coefficient considering compressive
stress level(91days and 365days)
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Table 8 Result of increase ratio according to age and compressive level

Chloride diffusion coefficient increase ratio(%o)

Case
Compressive 30% Compressive 60%
91_O* -5.45 34.09
365_0 -5.08 17.26
91_OJ* 59.92 78.06
365_0J 36.32 61.32

O: OPC, 0J: Cold joint concrete
*: Previous result (Mun, 2016)
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Fig. 12 Photos for depth of penetration(Tensile 30%, 60%)
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Table 9 Results of chloride diffusion coefficients(tensile)

Chloride diffusion coefficient
Load Case (<10 m*/sec)
1 2 Average
91 _O* 28.7 28.6 28.7
. 365 O 25.9 253 25.6
Tensile 30%

91 _OJ* 29.1 29.9 29.5

365 0OJ 27.1 25.9 26.5

91 _O* 30.8 32.1 31.5

. 365 O 31.9 30.7 31.3
Tensile 60% R

91 OJ* 32.5 322 324

365 OJ 33.2 31.1 322

O: OPC, OJ: Cold joint concrete
*: Previous result (Mun, 2016)
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Fig. 13 Chloride diffusion coefficient considering tensile stress level
(91 days and 365 days)

Table 10 Result of increase ratio according to age and tensile level

Chloride diffusion coefficient increase ratio(%o)

Case
Tensile 30% Tensile 60%
91 O* 30.45 43.18
365 O 30.05 58.98
91 _0OJ* 24.47 36.71
365 0J 2491 51.75

0O: OPC, OJ: Cold joint concrete
*: Previous result (Mun, 2016)
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