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Evaluation of Chloride Diffusion Behavior and Analysis of Probabilistic Service Life
in Long Term Aged GGBFS Concrete

Yong-Sik Yoon', Tae-Hoon Kim®, Seung-Jun Kwon®”

Abstract: In this study, three levels of W/B(Water to Binder) ratio (0.37, 0.42, 0.47) and substitution ratio of GGBFS (Ground Granulated Blast
Furnace Slag) rate (0 %, 30 %, 50 %) were considered to perform RCPT (Rapid Chloride Diffusion Test) at the 1,095 aged day. Accelerated chloride
diffusion coefficient and passed charge of each concrete mixture were assessed according to Tang's method and ASTM C 1202, and improving behaviors
of durability performance with increasing aged days are analyzed based on the test results of previous aged days from the preceding study. As the age
of concrete increases, the passed charge and diffusion coefficient have been significantly reduced, and especially the concrete specimens containing
GGBES showed a significantly more reduction than OPC(Ordinary Portland Cement) concrete specimen by latent hydraulic activity. In the case of
OPC concrete’s results of passed charge, at the 1,095 days, two of them were still in the "Moderate" class. So, if only OPC is used as the binder of concrete,
the resistance performance for chloride attack is weak. In this study, the time-parameters (m ) were derived based on the results of the accelerated chloride
diffusion coefficient, and the deterministic and probabilistic analysis for service life were performed by assuming the design variable as a probability
function. For probabilistic service life analysis, durability failure probabilities were calculated using Monte Carlo Simulation (MCS) to evaluate service
life. The service life of probabilistic method were lower than that of deterministic method, since the target value of PDF (Probability of Durability Failure)
was set very low at 10 %. If the target value of PDF suitable for the purpose of using structure can be set and proper variability can be considered for
each design variable, it is believed that more economical durability design can be made.
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Table 1 Mix proportions for this study

. . 3
W/B Unit weight(kg/m”) Sp

(%) W C GGB Fine  Coarse (%)
FS Agg. Agg.

37 168 454 0 767 952 1.10
OPC 42 168 400 0 787 976 1.00
47 168 357 0 838 960 0.95
37 168 318 136 762 946 1.30

GABES 4 i 280 120 783 9712 110
47 168 250 107 835 956  1.00
37 168 227 227 760 943 140
GABES 4 168 200 200 780 969 120

47 168 179 179 832 853 1.10

W/B : Water to Binder ratio, W : Water, C : Cement,
GGBEFS : Ground Granulated Blast Furnace Slag,
S.P : Super Plasticizer

Table 2 Physical properties of fine and coarse aggregate

Items G  Specific gravity — Absorption

Types (mm)  (glem’) o M
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87
F.M. : Fineness Modulus
Table 3 Properties of super-plasticizer
Items Main . .
Types Type pH component Solid  Density
- Polycarbonic 0
2000R Liquid 6.7 Acid 25% 1.08

22 BT H3= = 7S ot ey

2.2.1 3 H3E AT H7H Y

2] E-AFA vl 2 GGBFS A|3H&-S 183t £ E

Al o) £31 H3lE 4TS H 71824} Tang's method ol

Fot] £ AstE AP S Tt ol AEHHe A
714 o] 53 ks TAloll aLelste o] 4 71 el Aol
B 3 el o] kA& :ILQ UTH= 3 o] Atk Fig. 1
ol Tang's method 22 = ¥ A§ 1S YeRITH

8 AIZFEQE30 Vel M-S Jﬂf&—‘?— M-S st 27
Z1 B3l 0.1 N2] A4 AgNOs) 842 B5-5le] H] A
S 2 H3l=E o] 29 HF 2l o]& S35 T Tang and Nilson,
1992).



ol AEHL(180Y ~ 7309) ] F3l Asl= AlIE A= &5
Y HiFHS U o R e Ad) Aol A Q18-85 T Park
et al., 2018; Yoon et al., 2019). F=3F X3) Aol A+= Thko]
A& AR HAgoll 4] FA B REe] A7 A st
A 28Ul X sk SMkAl S 2 T3} HetF HrrE A
AIBHA] B3 T wEbA A 28 2] 31 HstE kA4
A= A B A7 v Y widS o2 3
H Aol A 183k AHE-SFITHSERLI, 2003).

Power Supply
Acrylic pipe ooo
Rubber cap @ ® Concrete specimen
Z
T
v
CellT | | Cell T

Electro type : Anode

Electro type : Cathode l I
Saturated Ca{OH),|

0.5 Mole Nac!
Applied voltage : 30V !
Specimen thickness : 50mm
Applied time : 8 hours

[—

Fig. 1 Test diagram and conditions for Tang's method
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Table 4 Evaluation standard of RCPT(ASTM C 1202, 2005)

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. 3 The result of accelerated chloride diffusion coefficient
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Value Time-parameter (1) R?
OPC-37 0.287 0.95
OPC-42 0.201 0.96
OPC-47 0.120 0.87

GGBFS30-37 0.332 0.90
GGBFS30-42 0.335 0.87
GGBFS30-47 0.284 0.84
GGBFS50-37 0.270 0.93
GGBFS50-42 0.301 0.89
GGBFS50-47 0.326 0.89

4.1.3 MCSE 483 V749 SE 314

2 YT sl ol A= A 22 Wi 22 Al
28 ALY B3 WA EEol w2t Wl o)
A E T} Fig. 60l &4 U741 3] /8.5 el



ATHKwon, 2016). Fig. 7914 E3}2]8(s)= AlTtel met 5
7Vt 2R Y s GsEES orlei, AdiY
R, 9A G3EFES 2] v| S Kwon, 2016).

R, S Distribution of R{t) ,

Y

Time

f
1
1
l
I
I
|
Distribution of S(t) :
T
1
1
|
1
l
|

Fig. 7 Service life analysis flow chart by MCS(Kwon, 2016)

AT FEE2F W sliAS A Br) st
& AT, 21 G8ET AR SRR, 3 55, A
AIEFS SEHTE 1A 2 (1)l &2 A3l
Wt a4 o] Al g AS YRl o Flg 8ol MCS
(Monte Carlo Simulation)®l] 23 &22] U441 34 &
55 YERATH

Set up of random variables parameters Dy is apparent coefficient
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(assuming normal distribution) Cs is surface chloride content

m is time-parameter
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x
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and Determining probabilistic service life

Fig. 8 Service life analysis flow chart by MCS
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3l 10 %= A7 THKwon et al., 2009; CEB, 2006; EN
1991, 2000).
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Table 6 The analysis parameter for service life of chloride attack

Value ]12 ) m CS3 Clims (;:;fhr
(X10"nts) (kgm) - kem) )

OPC-37  N(10.94,0.1) (0_2/31\7],0.1)

OPC42  N(12.83,0.1) (0'25\11,0_1)

OPC47  N(1531,0.1) (0'121390.1)

03((’13;5 N(8.00,0.1) (0'331\21,0_1)

Gﬁ%}’zs N(9.21,0.1) (0.331\51,0,1) (5,51),1) (1.2}}).1) (10.15,0.1)

GBS 00701 (0_2/311(,.1)

GBS NG60.D) (0.2%,0.1)

GS((EES N(7.14,0.1) (0'35\1],0.1)

Gsc(’ﬁl;s N(9.21,0.1) (0'321\61,0_1)
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Amsq Zlol mE S EE 37 ASL OPC WED
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