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Changes in Cement Hydrate Characteristics and Chloride Diffusivity in High

Performance Concrete with Ages

Tae-Ho Koh', Seung-Jun Kwon®*

Abstract: Cement hydrates and the related characteristics change with ages, and the behaviors are much related with chloride diffusion. In this work,
30% replacement ratio with FA(Fly Ash) and GGBFS(Ground Granulated Blast Furnace Slag) are considered for concrete with three levels of W/B
(Water to Binder ratio) and 2 years of curing period. Chloride diffusion coefficients from accelerated condition are obtained at 5 measurement period
(28days, 56days, 180days, 365days, and 730days), and the results are compared with porosity, binding capacity, and permeability from
program-DUCOM. The similar changing pattern between chloride diffusion and permeability is observed since permeability is proportional to the
square of porosity. Curing period is grouped into 4 periods and the changing ratios are investigated. Cement hydrate characteristics such as porosity,
permeability, and diffusion coefficient are dominantly changed at the early ages (28~56 days), and diffusion coefficient in OPC concrete with low W/B

continuously changes to 180days.
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o] 9] F Fof| & HZF2 o] AZ}sHA A7 H el whet B
A7 el FFE L A, e 2o A g F
A, ALS] A Q1 FA| S oF7 ] $Hh(Park and Kim, 2013; Kwak et
al., 2015). 2 F 32 E(RC: Reinforced Concrete) = U5
© ZIYETL IR T2 BAA7L 9 7 gl A
TZ2AY A3l P wEE FITES] g, HT F2
O| 2 IgHHFE WA 2 -2 FAZFEAYSITE 270l = w3
A7t A shE ol AR, A ket A 7 E A,
9 E57A 9] viegto] Whslal HFH 0 B FRES] P
of] & &8 F=THRILEM, 1994; Thomas and Bamforth, 1999).
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2009). HZ S0l = AMA Bl RIS E 0] 55
315 55t AREA| B2] ALt Aol A B Ao E B2
A3HA Albstar lom, o] = Fod T 22 HFS B
(JSCE, 2007; ACI 201R-08, 2008; CEN, 2004).

A3lE A F7| T A B GstEA 34 sl 71<]
k= 495 ot iR 979 fr}iol mE F2jo] A|uj
Zow, F2 Ay 7] 5h= A Kok 24t 2 vdt) 5 4
A9] o] A& oA B DdstA EAgT o2l gt
A3lE I F= T2 T2 53l o] Fo A H, HFoA] Al
E FgEoly A9 FRAEAY WHe ArE F3te
ol 55 Atk LAY E WHE I FH d3l= o2 3}
ol A== 14 A3HE(Bound chloride ion)3} W&-2] =}
freroll sliglE] o] A F2of 213 FaFe v = At 23
E(Free chloride ion) & 75 W, 7 o] 2312] 3§ -2 thefgt
A Z 7 H tHMaekawa et al., 2003; Yuan et al., 2009).

A3HE o< A e Hrsket AHEE = dskE
Al Al FFEY SR FAEY, F23 ol  JA o
&3t Tl EAXE RdEHET B2 ATl 3=
Ao mE AskE o]0 F3, ¥ 7= wE d3lk=
SHHAle] W3} Fo] BdE FHa glom, o] gt AslE A
T2 A7 Wislol whel, AdstA detd Azt mE s
HE-S-o] Wslol w2l WelstA FtiMaekawa et al., 2003;
Song and Kwon, 2009; Park et al., 2012).
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71 $18ll Est A =7 e = EdH =), Lz sd Tr e
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3 JTHKim et al., 2014).
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Ty om, FY 7t mE FkE S
35 B3890t GGBFS ¥ FA® 7MY t3#2%] &A=
2A ZAYEE BF A7 AR A 55 A0 i
7Fe =St 037~0479 B-AYA| vlE BE 1495
ZAYES] =-AA Bl o, X852 30% 1LATE 0|
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T2 A& FHEEA] X)) o)t 53] FAS| 9=
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k=g Bdeit). 1REs &3 A 5] X|FEL230
%E s oH, -2 ¥IE 037, 0.42, 0.472] 3575
o g dAsiith

29714 %AYE OPC, FA, GGBFS ZA2| E 9| 3HE S4HA|
T HIE FYslen dErehdd ZY(MCHHM:
Multi-Component Hydrtation Heat Model) 2} 3572 A&
g(MPSFM: Micro Pore Structure Formation Model)< A-8-3F
31 = DUCOM Z2 T35 F3to] 5315425 4810t
(Maekawa et al., 2003; Song and Kwon, 2009; Ishida and
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Zroll & el AA Wstol I AR A m = &8E = ok
a1 ek

Q492

10 #IPZSTICEXIM2|F8HE =2 %) M 23H ® 62 (2019. 1)

2. PRE i+ 2ETE X ASHHE

2.1 AREXI=ZE 2 b=

%3H&30%2] FA 2 GGBFS
$13ked Table 13} 2] wjstaE
1.5%$ €49 Z 150 mmS =%
52 Table 290, AH8-9 4% 7.&%%1 o E
ERf AT

g{m{mmo
2 !
° o %
I i
3(::—@
ty
T oo
N
(e}
ox K

Table 1 Mix proportions for this study

W/B Unit wei gh(t}(zi/mﬁ S.p
() W C FA S G ()
FS
37 168 454 0 767 952 1.1
OPC 42 168 400 0 787 976 1

concrete

47 168 357 0 838 960 0.95

37 168 318 136 0 745 952 1.4

FA 42 168 280 120 0 768 953 1.2
concrete

47 168 250 107 0 820 939 1.0

37 168 318 136 762 946 1.3

GGBFS 42 168 280 120 783 972 1.1
concrete

47 168 250 O 107 835 956 1.0

W : Water, C : Cement, S : Sand, G : Gravel
S.P : Super-Plasticizer

Table 2 Physical properties of the sand and gravel used

Items  Guax Absorption  Specific gravity

Types @mm M (glem’)
Sand - 2.90 1.01 2.58
Gravel 25 6.87 0.82 2.64

Table 3 Properties of the super-plasticizer used

ftems Main component  pH Density Type

Types
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8 A FA 30 Vo kS A7HR F Al S Ehste], 270
2ol 0.1 N2 AgNO; &8 B3 &, 24 02 Hah= 7
T G40l HF o2 S 4" AT ZolE

ofzfj o] 2|(1)ol] A-&3ted F3 H3hE FLHATE =3
t}. Table 40| 4+= Tang’s method Al 2718, Fig. 1914&
A A7S YER L itk

_ RTL v~z

rept 2FU t O
L |RTL . _Q_C'd
a=2 U erf (1 2 ) 2

AollA D, = HIRSGEl A 73 A9 £ st
& SaAlS(m?sec), R 714174478.314 J/mol - K), 7= &
HES(K), L ANAFA|(m), 2= o] LAA7K1.0), F= 32
g]o]4E (96,500 J/V - mol), U= AZKV), 2,5 Bl Rl
O3k AFZo|(m), t& HAAFe] H-8AITNs)S UYERATE =
Sk 2)2)oN A erf 'L 238 (error function)] IETE,
Gy, CE 5= Cell] P40 2% S (mol/1)e} HIA R of] 2]

Table 4 Conditions for rapid chloride penetration

Applied Thickness of

Cathode .
voltage specimen

Anode Applied time

0.5M Saturated

NaCl  Ca©OH), 0V S0 mm

8 hours

e e S R e

(b) Colorimetric measurement for chloride penetration depth

Fig. 1 Photos for chloride diffusion coefficient measurement

Table 5 Results of chloride diffusion coefficient in RCPT

Accelerated chloride diffusion coefficient
W/B (X102 m%s)
(%) 28 56 180 365 730
days days days days days
37 13.01 12.05 7.14 5.58 5.34

OPC 42 15.20 13.77 9.48 8.49 8.06
concrete

47 18.08 15.70 12.28 11.95 11.94

37 13.04 6.14 5.18 4.65 3.80

FA 42 16.05 6.77 5.68 5.32 4.70
concrete

47 20.50 7.53 6.71 5.90 5.01

37 9.30 5.22 4.37 3.02 2.93

GGBFS 42 11.00 5.45 4.72 3.30 3.08
concrete

A7 EHPE T3 H3l= o2 AT A 7 2=
o] d3HE2] o5& YE= 2 R7] FhHAIGe 2po| 7}
At A719 52PN o3 A= A1 e At
B o] TEEE YEAIRF 171 G54 H -2 vl 2]
e ARl ZATES] A3tE ASS Bt T don, B
< ATellA BRI ATk ARAde] ATtE AT
(Lee and Kwon, 2012, Yoon et al., 2012, Polder et al., 2006).
z} A Dol Ao v 31 @slkE AT B AAE
Table 59 53T

3. FRPYEEL BRU=E HtH 2| Hlul

31 sifMZ==2 20 e

Egzog FFES Hrey] siAE MIP(Mercury
Intrusion Porosimetry) U AAF2HH 50| ARE-5 31, 4815 A
& 71sl7] $1aiA = XRD 22 74817 AR T Kumar and
Bhattacharjee, 2003). 2A| 2 358 SA @< ol-835t] B8t
= o] 7 v AIEHA R, 2B EY 2] AW E H o] ~E F
S AF 5 AP 2 TS FAE F {ith 2 AT
Al ook al & A= o g A gho] E 8382 2 DUCOM
ol A ARgSIAL Qe TPt Bt Rl IS T AR
48 AH8ste] F5E, d3kE 75T, B8 ST

zt 3l EAR(FTE, 755, Fr9)e At vt
A 2 AR whet vl A o 2 Wstsi HE2Q Ad
AR 2 37IA o] AFE HF FhO 2 st ®ish &S 4
3I=2 3t} Fig. 2014 DUCOM Z 213 9] 7] @ E e}
W32 9 TIshida and Maekawa, 2003; Ishida et al., 1997).
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Fig. 2 Outline of MCHHM and MPSFM in DUCOM
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714,V (1) R V() (ni/m) & ARE ABA ) 24
S0, IR FFARLE FAT U

#HE=(g,) AT

ol 3L Zkze) FF i ol thall A 2l(6) 7 2 Fe = AT
At
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3.2.2 0|5 Zd(MTM: Moisture Transport Model)
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2003; Ishida et al., 1997).
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Fig. 3 Changes in diffusion coefficient and porosity with ages
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Fig. 4 Changes in diffusion coefficient and binding capacity with ages
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Z|E 2 CSH Ao] 1% =230 g/em® 2 2.34 g/em’ & 72| &
AR E 2(10)3 Zo] YeRdE o S1tkSong and Kwon,
2009; Park et al., 2012).
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Fig. 5 Changes in diffusion coefficient and water permeability with ages
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