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Quantification of Chloride Diffusivity in Steady State Condition in
Concrete with Fly Ash Considering Curing and Crack Effect
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In case of the cracks in concrete, the penetration of deterioration ions such as chloride ions in to cracks is accelerated. According to the
penetration of chloride ions, structural and durability problems to RC(Reinforced Concrete) structures are caused. In this study, the
accelerated chloride diffusion coefficient which is in steady state is evaluated for 2 year aged normal and high strength FA(Fly Ash)
concrete, after a range of crack depths are induced up to 1.0 mm in 56 aged day. Considering crack effect by linear regression analysis,
high strength concrete has slightly less increasing ratio of diffusion coefficient by crack than normal strength concrete, and diffusion
coefficient increases non-linearly as crack width is increased. Also, In two types of concrete, crack effect decrease as the curing period
increase. In the case of quantifying crack and curing effect by using exponential function form, the coefficients of determination are
higher than those of linear regression analysis. Under steady state, it is thought that there is not a high correlation between the crack
effect and the curing effect, and considering the two independent effects, it is believed that reasonable prediction equation for

diffusion of concrete with crack can be proposed.
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Table 1. Mix proportions for FA based concrete

Type Unit weight : kg/m’
. W/B | S/
(psi) lw C FA G S
High 40.00 | 44.40 | 162.75 | 325.50 | 81.38 | 938.77 | 748.89
(6,000) ) : . . - . .
Normal
(4,000) 50.00 | 46.70 | 162.75 | 260.64 | 64.86 | 938.77 | 822.01

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

Table 2. Physical and chemical properties of binder

Phy51c.a : Chemical properties(%)
properties
Specific .
gravity (cBla“mz /Eg) SiO; |ALOs[Fe,05] CaO [MgO| SOs ligs‘s
(glen)
OPC | 40.00 4440 |21.96|5.27 | 3.44 |163.41(2.13 | 1.96 | 0.79
FA 50.00 46.70 |55.66|27.76|7.04|2.70 | 1.14| 049 | 4.3

Table 3. Physical properties of aggregates

Items| Ginax Sglzzft;c Absorption M
o M.

Types (mm) (gfem’) (%)
Sand - 2.58 1.01 2.90
Gravel 25 2.64 0.82 6.87

F.M.: Fineness Modulus
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Fig. 1. Loading for crack inducing and measuring

Fig. 2. Measurement of current during accelerated chloride diffusion test
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Table 4. Linear analysis of diffusion coefficient considering crack and
curing effect

Curing Normal strength High strength
period Gradient R’ Gradient R?
56 5.3755 0.5049 1.8230 0.7004
180 2.3809 0.8624 0.9188 0.6718
360 2.2591 0.7931 1.2565 0.6246
730 0.7297 0.6957 1.0038 0.7253
6
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Fig. 6. Gradient to sound concrete for crack effect
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A) Classification of the results with 0.1mm interval and
drawing average diffusion coefficient for each curing days

B) Performing regression analysis in each curing period

for reference value, and in 28 days, intercepts are 1, and

in 180, 365, 730 days, those are changed with changing
rate of results

C) Modeling for exponential function of changing rate of
diffusion coefficient

Y = A@t)exp(E- w)
Y : changing rate of diffusion coefficient, A(®) : time function

E: experimental constant of crack depth ,
 : crack depth(mm)

D) In procedures of regression analysis, the slope of
exponential function is analyzed according to time, and
exponential value is analyzed according to crack depth

E) Drawing modeling for diffusion coefficient considering
time and crack depth

D(t w) = Dy x A(t)exp(E- w)
D, : diffusion coefficient of sound concrete in 56 days

Fig. 7. Procedure of regression analysis for crack and curing effect
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Table 5. Analysis results for regression analysis of exponential function

Time(days) A(normal) E(normal) A(high) E(high)
56 1 1.4036 1 0.8366
180 0.5788 0.8498 0.616 0.8429
360 0.2666 1.0149 0.215 1.116
730 0.163 1.6592 0.1734 1.2522
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Fig. 10. Changing patterns of parameter(4 and £)

StETMRSIIEtE| =2 2019 62 113



Diffusion ratios

TFOIE 2Eo10] Hatg 2 2 2
S/ 20l #E =0l sl AT A Brtoks AS
2ol o AASH, Uirds 2 Al ol2fet #E0f 2ler F&s

2 T0AE UG REF F 24

ZI2/E0] Hlsh Ha=

27 9 0.1mm 0[512)
|

S

N

s

s
ol

I5tA| 20% 20| B[]

i’

ne
ol

2

i
fon

e oM ofn o
~
1

ol

2=
rir o

AN

S

4%

ul

S
>
=

mo ru om ox
bl
=2 X

ﬁ
)
rl

o0t
I

=

[

H

r

)

ol

0R

00t

]
o
Lo
>
0x
o0&
d
>
1o
>
o

114 vol. 7, No. 2 (2019)

2
=
ol
=
rr
oy
o HI

=
0| CI2E2LE AJZH0)| (2 Sl ZtA s

tRACE. Ol= & 7HX] diel 25 Z2t0[0HA|

F
rov

> Hl
ne

0z
e
T

=

i
A S71HlE HE & =0

™
Rl
I
rH
L
o
|m
lo
for
rz
2
Ral
£

Im
o
Q'E
k=d
o
o
ikl
9
n <2
>

=~ _“1
fol
-
mjo
=
00 4n
ron
|
ne
4

71]_} IH

O
°
1

gl

Hu

o
Q i mo mo oln
o <

Conflict of interest
None,

A2 =
0] =22 2015 FR(0REZ=MSR) O IO = St=m-IxY
THo| XIS W0 ST 7|FEHTLAIIRNo 2015RIASAT037548),

References

Andrade, C. (1993). Calculation of chloride diffusion coefficients in
concrete from ionic migration measurement, Cement and Concrete
Research, 23(3), 724—742.

Broomfield, J.P. (1997). Corrosion of Steel in Concrete: Understanding,
Investigation and Repair, E&FN, London, England, 1-15,

Cheon, JH, Ryu, HS,, Yoon, Y.S,, Kwon, S.J, (2017). Crack and time
effect on chloride diffusion coefficient in nuclear power plant
concrete with 1 year curing period, Journal of the Korea Ingtitute
for Structural Maintenance and Inspection, 21(6), 83-90 [in Korean],

Chung, L., Jay Kim, J.H,, Vi, ST, (2008). Bond strength prediction
for reinforced concrete members with highly corroded reinforcing
bars, Cement and Concrete Composites, 30(7), 603-611,

Gerard, B, Marchand, J. (2000). Influence of cracking on the
diffusion properties of cement—based materials Part I Influence
of continuous cracks on the steady—state regime, Cement and
Concrete Research, 30(1), 37-43,

JSCE, (2002). Concrete Library 109: Proposal of the Format for
Durability Database of Concrete, Japan Society of Civil Engineering
(JSCE), Tokyo, Japan,

JSCE. (2007), Standard Specification for Concrete Structures—
Design; JSCE Guidelines for Concrete 15, Japan Society of Civil
Engineering (JSCE), Tokyo, Japan,

Jung, SH, Ryu, HS,, Karthick, S, Kwon, SJ, (2017), Time and crack
effect on chloride diffusion for concrete with fly ash, International
Journal of Concrete Structures and Materials, 2018, 1-10,

Kim, DS, Lee, ST, Lee, SH,, Kim, D.G, Seo, CW., Ryu, DH,
(2009), “Strength and diffusivity of ternary cement concrete using
pulverized fly ash,” Academic conference of Korea Concrete
Institute, KCI, Seoul, Korea, 255-256 [in Korean],

Kwon, S0, Bae, SH, Lee, HJ., Jung, SH. (2014). Characteristics
for reinforcement corrosion and chloride ion diffusion of high



O
o

volume fly ash concrete, Journal of the Korean Recycled
Construction Resources Institute, 2(1), 34-39 [in Korean],

Lee, MH, (2016), Fundamental Properties of mortar and concrete
using high calcium fly ash, Journal of the Korean Recycled
Construction Resources Institute, 4(3), 284—291 [in Korean],

Maekawa, K, Ishida, T, Kishi, T. (2009), Multi—Scale Modeling of
Structural Concrete, Taylor & Francis, London, England,

Neth, P, Sarker, P, (2011), Effect of fly ash on the durability
properties of high strength concrete, Procedia Engineering, 14,
11491156,

Neville, AM, (1995). Properties of Concrete fourth edition, Longman
Group, London, England,

Park, S.S, Kwon, SJ, Jung, SH, (2012a), Analysis technique for
chloride penetration in cracked concrete using equivalent diffusion
and permeation, Construction and Building Materials, 29, 183-192,

Park, S.S, Kwon, SJ,, Jung, SH, Lee, SW. (2012b). Modeling of water

g

2to[ofAl 232E9)

permeability in early aged concrete with cracks based on micro
pore structure, Construction and Building Materials, 27(1), 597-604.

Park, SS, Song, HW., Byun, KJ., (2001), Model for chloride
ditfusivity and water permeability in cracked concrete, Journal of
the Korean Society of Civil Engineers, 21(64), 915-924 [in Korean],

Song, HW,, Cho, H.J,, Park, S.S,, Byun, KJ., Maekawa, K (2001),
Early—age cracking resistance evaluation of concrete structure,
Concrete Science Engineering, 3(10), 62—72,

Win, P.P., Watanabe, M., Machida, A (2004), Penetration profile of
chloride ion in cracked reinforced concrete, Cement and Concrete
Research, 34(7), 1073-1079,

Zhou, Z, He, JP., Chen, GD,, Ou, JP. (2009), A smart steel strand
for the evaluation of prestress loss distribution in post tensioned
concrete structures, Journal of Intelligent Material Systems and
Structures, 20(16), 1901-1912,

HE H HdESUE najgt S20joiAl 232|EQ

Z50|=0| RH0| LM5
OpIBIL], & SHT0IAE &
S8 % xig 2010] e B0 o
Z3|Es BEE HE Z32E
HIM&R o2 =7k

=z FEe= gt ool

El|
=

oM Tz

1 = o

Hr njo

TAAFALE
oo

uHe S20[oiA 2F2|ES O

X oH

Ut sitepf SaEale 2rg) 2

>|_,_

=27 2019 62 115





