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Effect of Curing Condition on the Chloride ion Diffusion Coefficient
in Concrete with GGBFS
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Abstract

The changes in the resistance to chloride ingress of concrete using a ground granulated blast furnace slag (GGBFS)
according to curing conditions were examined. The curing conditions were divided in air-dry curing and under-water
curing. Three concrete mixures with the GGBFS replacement ratio of 0%(control), 30%, and 60% were prepared. For
tests, evaluations of concrete compressive strength, and chloride ion diffusion coefficient were performed. As the
GGBEFS replacement ratio increased, the concrete compressive strength of the in air-dry cured specimens decreased
compared to under-water cured specimens. When the chloride ion diffusion coefficient was measured, the chloride ion
diffusion coefficient decreased as the GGBFS replacement ratio increased. However, the diffusion coefficient of the in
air-dry cured specimen was increased up to 111% compared with the under—water cured specimen
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Effect of Curing Condition on the Chloride ion Diffusion Coefficient in Concrete with GGBFS
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Table 1. Chemical compositions of binder

Chemical Compositions (%)
SiO2 AlOz TiO2 FexO3 CaO MgO SOz KO etc. L.OU

Name

OPC 197 53 03 29 617 38 25 09 28 23

GGBFS 334 134 06 03 446 41 27 04 05 01
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Table 2. Concrete mix proportion

Unit weight Unit weight

Narme \f\ff/{)? (kg/m*) (kg/m*)
woc $8& st s & sP. AE
OPC-40 40 180 450 - 553 240 867 360 0.15
OPC-50 50 180 360 - 607 260 867 324 0.12
OPC-60 60 180 300 - 640 273 867 301 0.09
S$3-40 40 180 315 135 547 240 867 315 0.16
S3-50 50 180 252 108 600 260 867 283  0.13
S$3-60 60 180 210 90 640 273 867 240 0.2
S6-40 40 180 180 270 540 233 867 270 043
S$6-50 50 180 144 216 600 253 867 216  0.30
S6-60 60 180 120 180 633 267 867 210 025

'Crushed Sand, 2Sea Sand, *Maximum size of coarse aggregate : 13mm
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200 mm

Figure 1. Schematic diagram of specimen for NT BUILD test
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Figure 3. Photograph image of NT BUILD 492 test setup
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Effect of Curing Condition on the Chloride ion Diffusion Coefficient in Concrete with GGBFS
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Table 3. Test voltage and duration for concrete specimen with
normal binder content

Initial current lsoy  Applied voltage U Possible new Test
(with 30V) (after adjustment) initial current I duration
(mA) (V) (mA) (hour)
laoy < 5 60 lo <10 96
5 < lgv < 10 60 10 < o< 20 48
10 < gy < 15 60 20 < 1p <30 24
15 < lav < 20 50 25 < lp< 35 24
20 < lsv < 30 40 25 < lp < 40 24
30 < lsv < 40 35 35 < lp <50 24
40 < Iy < 60 30 40 < 1o < 60 24
60 < lyv < 90 25 50 < lp <75 24
N < lav < 120 20 60 < lo < 80 24
120 < lsv < 180 15 60 < lo < 90 24
180 < sy < 360 10 60 < lp < 120 24
laoy = 360 10 b > 120 6
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Figure 4. Measurement for chloride penetration depths
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oJ7]o]|A, Dnssm : non—steday—state migration
cofficient (X 10 “m/s)

U : absolute value of the applied voltage (V)
T . average value of the initial and final

temperatures in the anolyte solution(C)
L : thickness of the specimen (mm)

z, . average value of the penetration depths (mm)

. test duration (hour)
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Table 4. Result of concrete slump & air content

Nme  Suo  SUP argen AV Een
OPC-40 210 (+10) 42 (-0.3)
OPC-50 205 (+5) 46 (+0.1)
OPC-60 195 (-5) 36 (09

S3-40 215 (+15) 50 (+0.5

S3-50 200 + 215 (+15) 45 + 15 5.1 (+0.6)

S3-60 195 (-5) 52 (+0.7)

S6-40 210 (+10) 45

S6-50 200 47 (+0.2)

S6-60 200 4.5
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Table 5. Result of compressive strength

Compressive Strength (MPa) Rate of
Name change
3d 7d 28d (28d) (%)
W+ 35.9 423 517
OPC-40 ~754
Asxx 35.8 427 478
W 26.1 32.7 411
OPC-50 -584
A 259 327 387
W 18.4 232 30.0
OPC-60 067
A 18.0 232 292
W 28.3 378 536
S3-40 -7.65
A 27.2 37.8 495
W 19.6 289 439
S3-50 -13.21
A 19.4 289 38.1
W 13.6 226 34.0
S3-60 -17.06
A 13.6 209 282
W 252 40.8 50.7
S6-40 -9.66
A 24.7 371 458
W 17.3 30.1 427
S6-50 -15.93
A 16.6 28.8 359
W 138 224 334
S6-60 -17.96
A 11.8 209 274

W : Underwater Curing(20£2C),
A" 1 In Air Curing(20+2°C, Humidity 60+5%)
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Figure 5. Result of compressive strength (OPC)
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Figure 6. Result of compressive strength (S3)
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Figure 7. Result of compressive strength (S6)
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Table 6. Result of compressive strength & chloride ion
diffusion coefficient by specimens (28d)

Compressive  Chloride ion Diffusion Rate of
Name Strength 28d Coefficient 28d change
(MPa) (x10-12m*/s) (%)
W 51.7 9.92
OPC-40 ) 4738 12.75 2853
W 411 16.56
OPC-50 A 87 19.16 15.70
W 30.0 22.05
OPC-60 A 0.0 3703 17.94
W 53.6 447
S3-40 A 49.5 445 05
W 43.9 541
S350, 38.1 724 3383
W 34.0 742
S3-60 A 28.2 15.67 1119
W 50.7 251
S6-40 A 45.8 384 52.99
W 427 324
— 7.
S6-50 A 359 6.09 87.96
W 334 412
S6-60 A 27.4 8.10 %.60
40
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Figure 8. Result of chloride ion diffusion coefficient
by specimen (28d)

B AGoA Ak E23E ditEol Sl
NT BUILD 4920] w2} S4E Askzol ol s A=A
AEsHAl= 2E7] At ZJol7} QAT B4 S0l
285= A B4 5 1iRTslo] B whio] aRkxog
AgElo] Qlo] 2 AL YoM = o] gk 710
A3}t

=]
RN



£ Aldg=2ollA GGBFS nlEd 2|8hgo] Z7Fak:
5 dehkeole Sl fashes el HEe
OPC 232|E9] Hokzole eMAl7 ool At
glo] W= W/B 24ollA 71 =7 Uehdth. GGBFSE
SUT RN ES] AekEol2 A= OPCREE AR
Sk AldAef Bjste] 2 Fo= skl on, GGBFSY
Aghgo] 78S 2A8ES dekaole tilee
Aadhe AFol Uebdt, ok e AlEA 9
Z70lM 9] dekzo]
Helzole ARy 7 YERder, W/BZE 57F
S I A7) STFke AR Eole A ERlek

=

A
T

& P47t 7GR ZAelA )

- T =

v}

T3F HE Aol 50 M) 715 22
E9| d3lEolR ShAG7 S71ek= Zdake] vElem,
S3—40 Al@ANe] W/B 40% 27104 7154 AlRA
of A A EA S Aokl AT A9 FUgt
= e Ao=® yehth o= GGBFS A8 30%2t
W/B 40% Al@a<zollA] 7154 2ol e 222 EY
S5k 5} 9 GGBFS9| 47 dukgo] x3g=lo] 2|
et =725 W] deor AlmEch shAJRl
GGBFS 30%= gkt Za8E Al&A|12] W/B 50% 24
1 60% ZAoA= 5 thH] 7158 AlRA1S] Hs)
20| FAHAGTE E=A veen, W/BZF S
TS diH] 715 2019 FA2E AgkEol St
Alg 7ol B 2olRle A& ERISHIT. OPC AlA|
9] ¢ W/B7} 57F5 Pz i dals o
G S7HEo] Aadhs AR BANE GGBES7H
T0E 2 ES A W/B7F F7FE R
2 HekE o Sl S7keo] S7Iske ke ¥l

s,

—_

S ZAE AA Y Bl A B o
812 o] A oS A1S BESHES Sl glow, Al

ol wE
et
logD, = a(W/B)*+ b(W/B) + ¢

Hokzol2 Al 52 4

@) et

I

o714, W/B . &-Z2%A H]
a, b, ¢ | AYLE A= A

A (2)F ol8st] =E5H A
A 54
B o5 5 shiel
W= AHE FFo] wE dokEol
(JSCE, 2001)2 AFATE ol =& 54
o] Figure 99+ 10°] UERlITh

olH.

=

- T

Table 7. Chloride ion diffusion coefficient prediction according
to binder type & curing condition

Ao I HilEol
Table 7o YERHG O, 7]&Eof ARE-
2AE ARl AN}
£ A o34

H| W&}

Name Chloride ion diffusion coefficient prediction equation
W logDp = 1.7366x% - 0.0021x - 8.2805
OPC
A logDp = 10.277x% - 7.9616x - 6.3541
W logDp = 2.7158x% - 1.6154x - 8.1381
S3
A logDp = 6.1976x% - 3.464x - 7.9576
W logDp = 1.0356x% + 0.0405x - 8.7822
S6
A logDp = 1.4819%% + 0.1388x - 8.7083
-6.5
OPC-W | Pprediction Equation (Japan) /
A S3-wW OPC logD, = [4.5x% + 0.14x - 8.47] +1og(3.15 x 107)
-7 % S6-W GGBFSC logD, [19.5x% - 13.8x - 5.74] +log(3.15 x 107)
% -7.5 logD, = 1.7366x2-0.0021x - 8.2805
=
a) -8 logD, = 2.7158x2-1.6154x - 8.1381
= A
A
L N PPV X
W85 | e Peurarrer
Hewreen logD, = 1.0356x + 0.0405x - 8.7822
-9

0.55
W/B Ratio (%)

0.65

Figure 9. Variation of chloride ion diffusion coefficient
according to W/B in under-water curing condition
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according to W/B in air-dry curing condition
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