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Evaluation of Apparent Chloride Diffusion Coefficient and Surface Chloride
Contents of FA concrete Exposed Splash zone Considering Crack Width

Yong-Sik Yoon', Seung-Jun Kwon®"

Abstract: The cracks occurred during service life of concrete structure should be considered in durability design, because of the concrete’s material
property which is weak in tensile strength. In this study, the fly ash concrete mixtures considering 2 levels of strength is designed and outdoor exposure

tests are conducted for those concrete specimens. The exposure environment is set to a splash zone, and in order to evaluate the effect of crack width
on the behavior of chloride diffusion, the crack width of up to 1.0 mm is generated at intervals of 0.1 mm at each concrete mixture. After that, apparent
chloride diffusion coefficient and surface chloride contents are deducted considering 3 levels of exposure periods(180 days, 365 days, 730 days). The
diffusion coefficients of two types of mixture increase with the increase of crack width, and the diffusion coefficients decrease with the increase of exposure
periods. In addition, the effect of the crack width on the diffusion coefficient is reduced as the exposure periods increase, which is attributed to the extra
hydrate by chloride ion reducing the diffusivity of concrete. The behavior of the surface chloride contents does not significantly change by the increase
in crack width, compared to the behavior of apparent chloride diffusion coefficient. Also, In the high strength FA concrete mixture, the surface chloride
contents are 78.9 % ~ 90.7 % than the normal FA strength concrete mixture. Thus, Surface chloride contents have correlation with the strength of

concrete.
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B =50 i3t £91 520199 129 1971A] 818] 2 HUlFAI%H 20201 12
5ol EEAAE AASAF U

10 % AE7F A F2lo B E Bn| 80 2 A EH A1 Q)
217 o] th(Korea Expressway Corporation, 2002). ]2+ 74 &2
SEutetEnt of el & 9] GA| mizbrEA| ol 7o A9 &
A E WF AT FA 0 o3t &4 o] A GNP2] 1.8 %ol
o2t} B 1131 QUTHISCE, 2007). £3] af| %k 3k o] &7
E FRENAME =E ZARA, I HIE, a2 7] F)ol
me} FEE I3t A7 deptial A UTh(Park and
Kim, 2013; Lee et al., 2017).

olelgh &3} L Alofstaat dA FeEFS Eolv
of| Z-A| ¥ Ao JE, AslE SRS ATHAIT = S5
S0 T oheke A7 R E o1 Skt Ryu et al., 2018; Kim
etal., 2015; Nath and Sarker, 2011). E=3}, Q132 of] FoF3t =
A EY EA wZol AHE 713t T AT E FEREl WA
S T E-2 AT glom, o]of E Fak o] 2 &4 A5
3 ATF= 3= o] Shti(Yang et al., 2018a; Yang et al.,
2018b; Jeong et al., 2017). ZIFAH = AREE 3R 52
x| gFsto] AgshE WHol el ds) Alojo] Ao R o
B4 om, tiEZQ FATE &3} A 5EA FefolofA
(FA: Fly Ash), 2125 Z1(GGBFS: Ground Granulated Blast
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Furnace Slag), 2 2|7} $#(SF: Silica Fume)5°] THYang et
al., 2018b; Kwon et al., 2014).

Z}oof Al = she W Ao A MRS A4 of 2y st
= EA A= H9(1um ~ 100 pm)e] L4 ZHAF]H(KS L
5405, 2016), Zc}o| A& Z AT Eol Y3k AHg3H =
glo] oAl o] g Hh-g-of o3l Wi &= F27} X|dalA
A7) A= 5 H98rA ddo] i = #at of e} Aal A&k
A}%s0] 7B tH(Nath and Sarker, 2011). =3}, ZA] &2 &
AT E el A= Falsgt &l o3 AN E i, T
o o= g BT8P M & 7S . om, Alwl
E ALgEFo] Eoj 5ol WE 3k A7 8% E2folofA|
o] 2 A F shto|th(Bilodeau et al., 1998; Lee et al.,
2008).
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e 79 =& 7|7k Wel vlash, o] A%t
110 ~ 12\d 52 STk 1L o] == dA st &
4 21t Thomas and Bentz, 2002). =3} 112 &1 0] &
S T3 Z 38 Eof| A= OPC(Ordinary Portland Cement)
E ARG 2T ERT 2 31 HStETFS ZHA H=d)
ol AR YT viEd 7|RFCSH 29 =2 A4 o] &3
5ol 7]Q1g tH(Kouloumbi et al., 1994). B X.7] G8}& 4t
A= == 7IXEe] S7bel wet =3k ST Qlsf AlXHe
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Table 1 Mix proportions for 2 types of Fly Ash concrete

Type WB  fu S/a Unit weight(kg/m®)
(%) (MPa) W C FA S G

A 40 41 444 162.75 32550 81.38 748.89 938.77
B 50 28 46.7 162.75 260.64 64.86 822.01 938.77

W/B : Water to Binder ratio, W : Water, C : Cement,
FA : Fly Ash, S : Sand, G : Gravel

Table 2 Properties of OPC and FA

Physw.a ! Chemical composition (%)
properties
Specific .
gravity (]3:2;76) S0, ALO; Fe:0; Ca0 MgO SO fs's
(gem) “ME

OPC  3.16 3,214 i21.96 527 344 6341 213 196 0.79

FA 2.19 3,621 i55.66 27.76 7.04 270 1.14 049 43

Table 3 Properties of sand and gravel

Ginax Specific gravity Absorption
P g (glem)) %) M
Sand - 2.58 1.01 2.90
Gravel 25 2.64 0.82 6.87

22 AEE 118{st FA E32|EQ| AV | HetE AT
3 HEM =g "ot 2y

2.2.1 74 A7

AlA 2] F71= 2174 100 mm, =°] 200 mme] YFE FAAZ
A3l o™, A7 56 ol UTM(Universal Test Machine)S- &
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Fig. 1 Inducing crack to fly ash concrete specimens
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Fig. 2 Mimetic diagram of outdoor exposure test for this study
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Fig. 4 Process of getting chloride profile
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Fig. 5 Procedure of drawing apparent chloride diffusion
coefficient and surface chloride contents
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Fig. 6 Apparent chloride diffusion coefficient in 2 types of FA
concrete
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Table 4 Results of linear regression analysis to evaluate crack effect

Exposed Mixture type
days A type B type

=10'2 + =10"2 +
180 days D=10 g§.152x 5237) D=10 (228.'335x 10.921)

(R?:0.8714) (R?:0.958)
D=10"%(6.227x+2.663)  D=10"%(19.141x+3.050)

365 days (R?:0.912) (R%: 0.866)
D=10"%(5.221x+0.526)  D=10"%(12.831x+2.140)

730 days (R?:0.923) (R%: 0.980)

D : Apparent chloride diffusion coefficient (m%s)
x : Crack width (mm)
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2 types of FA concrete
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Fig. 9 Surface chloride content in 2 types of FA concrete
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