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Evaluation of Chloride Behavior and Service Life in Long-Term
Aged FA Concrete through Probabilistic Analysis
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In this study, accelerated chloride diffusion tests were performed on OPC(Ordinary Portland Cement) and FA(Fly Ash) concrete
considering three levels of W/B(Water to Binder) ratio on 1,095 curing days. The accelerated chloride diffusion coefficient
and the passed charge were evaluated in accordance with Tang’s method and ASTM C 1202, and the resistance
performance to chloride attack improved over time. FA concrete showed excellent resistance performance against chloride
penetration with help of pozzolanic reaction. As the result of the passed charge, FA concrete showed durability
improvement, “low” grade to “very low” grade, but OPC concrete changed “moderate” grade to “low” grade at 1,095
curing days. After assuming the design variables used for durability design as normal distribution functions, the service life
of each case was evaluated by the probabilistic analysis method based on MCS(Monte Carlo Simulation). In FA concrete,
the increase of probability of durability failure was lower than that of OPC concrete with increasing time, because the
time-dependent coefficient of FA concrete was up to 3.2 times higher than OPC concrete. In addition, the service life by
probabilistic analysis was evaluated lower than the service life by deterministic analysis, since the target probability of
durability failure was set to 10% It is considered that more economical durability design will be possible if the more
suitable target probability of durability failure is set for various structures through researches on actual conditions and
indoor tests under various circumstances.
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Table 1. Concrete mixture for this study

Type | WiB Unit weight(kg/m’) SP
W | C | FA| S G | (% of wt)

037 | 168 | 454 | 0 | 767 | 952 1.10

OPC | 042 | 168 | 400 | 0 | 787 | 976 1.00
047 | 168 | 357 | 0 | 838 | 960 0.95

037 | 168 | 318 | 136 | 745 | 952 1.40

FA 30 | 042 | 168 | 280 | 120 | 768 | 953 1.20
047 | 168 | 250 | 107 | 820 | 939 1.00

W : Water, C : Cement, FA : Fly Ash,

S.P : Super Plasticizer

Table 2. Properties of sand and gravel

S : Sand, G : Gravel

s Ginax SpeC{ﬁc Absorption FM.
Type gravity
Sand - 2.58 1.01 2.00
Gravel 25 2.64 0.82 6.87
F.M. : Fineness Modulus
Table 3. Properties of super plasticizer
Items Main . .
Type Type component Solid | Density | pH
L. Polycarbonic
2000R Liquid . 25% 1.08 6.7
acid
Table 4. Properties of both binders
Chemical composition(mass%o)
Ig.
Items | SiO, | ALO; | Fe,05 | CaO | MgO | SO; logss
Type ) | (%) ) | Co | B | (%) %)
)
OPC 21.96 | 527 344 | 6341 | 2.13 | 1.96 | 0.79
FA 55.66 | 27.76 7.04 | 270 | 1.14 | 049 | 43
Physical properties
Items Specific gravity Blaine
Type (g/em®) (cm*/g)
OPC 3.16 3214
FA 2.19 3,621
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Table 5. Evaluation standard for chloride resistance by ASTM C

1202
Total passed charge(Coulomb) Chloride ions permeability
> 4,000 High
2,000~4,000 Moderate
1,000~2,000 Low
100~1,000 Very low
< 100 Negligible
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Fig. 1. The results of accelerated chloride diffusion coefficient
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Fig. 2. The results of passed charge
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Fig. 4. The results of regression analysis for time-dependent
parameter
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Set up of random variables parameters
considering COV for each random variable
(assuming normal distribution)

D, is apparent coefficient
Cs is surface chloride content
m is ime-parameter

x is cover depth

C,- is critical chloride content

Determination of Chloride content
at cover depth

Cq—C;=(Cs—Cy) * (1 —erf (2 tht>>
C;=0

Set up of iteration (n=3,500)
t=2, i=1~n-1

Calculation of failure of durability _ Dby (tj )
(Pr® = P (Ca®) = Cum)] D=1 m\t) < 30years)
m
¢ For 100 years D, = Da (0'077) [1—m+m&]
i at 2 years intervals 1-m\ 30 t

(t = 30 years)

Set up of iteration (n=3,500)
t=100
i=1~n-1
Calculation of failure of durability
[Pf(t) = P (Ca(t) = Cyim)]

Plotting of Pr(t) with increasing period(t)

and Determining probabilistic service life

Fig. 5. Flowchart for evaluation of service life by probabilistic
analysis method
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Table 6. The analysis parameter for probabilistic analysis

Value ID)zn m Ciim gg;;f
Type (X10"m?s) (kg/ ’) | (kg) ()
Avg : 10.94|Avg : 0.290
OPC3T o - 0.1 |cov : 01
Avg : 12.83|Avg : 0.210
OPC42 T cov - 01| cov - 01
Avg : 1531|Avg : 0.142
OPC-47
COV : 0.1 COV : 0.1 | Avg:d5 | Avg:l2 | Avg:8.0
FA-37 Avg : 10.97|Avg : 0.401|COV : 0.1]COV : 0.1|COV : 0.1
- COV : 0.1|COV : 0.1
Avg : 13.56|Avg : 0.409
FA-42 COV : 0.1|COV : 0.1
Avg : 17.40|Avg : 0.456
FA-47 COV : 0.1|COV : 0.1
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Fig. 6. The analysis results of probability of durability failure
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