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Abstract

This research aims to study the effect of ground granulated blast furnace slag (GGBFS)
and limestone powder (LP) on threshold chloride content value of concrete. The threshold
chloride content of concrete and depassivation time of steel were also conducted. The water to
binder ratios of 0.40 and 0.50 were used. GGBFS and LP were used as cement replacing
materials at the ratios 0of 20% to 70% and 5% to 15%, respectively.

From the experimental results, it was found that the total threshold chloride content
decreased and the depassivation times of concrete increased with the increasing of GGBFS
content. The total threshold chloride content of concrete with GGBFS and LP was higher than
that of cement concrete, except for the concrete containing 50% of GGBFS and LP up to 15%.

The depassivation time of concrete with GGBFS and LP was higher than that of cement concrete.
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msazareluneunia (Pore solution) 0.6 fndlWfhasuwa  Hausmann (1967)
0.3 Tnanlsiardi Gouda (1970)

fethaiinaunas lsmidn 19911 (Internal chioride) 8-63 Twan'lsisu Yonesawa et al. (1988)

0.5-2.0 nyzuau lasa Schiessl and Raupach (1990)

0.079-0.19 AC impedance Hope and Ip (1989)

0.32-1.9 magaydedwnin  Treadaway et al. (1989)

0.78-0.93 0.11-0.12 0.16-0.26 Fndlufhasasa  Oh etal. (2003)

0.45 (SRPC) 0.10 0.27

0.90 (15% PFA) 0.11 0.19

0.68 (30% PFA) 0.07 0.21

0.97 (30% GGBS) 0.03 0.23

0.35-1.00 0.14-0.22 CI/OH =0.3 Hussain et al. (1995)
FediiwFyaas 15§ nn1euen (Exteral chloride) 0.227 0.364 15 Tnanlsiardi Alonso et al. (2002)
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1.8-2.9 Tnanlsindu Pettersson (1993)

0514 sz Tuutti (1993)

0.6-1.4 1 Tasisa Hansson and Sorensen (1988)
Taseadenounia 0.2-1.5 magapdnimin  Vassie (1984)

Y186 SRPC = Sulfate resistant Portland cement, PFA = Pulverrized fly ash, GGBS = Ground granulated blast furnace slag, OPC = Ordinary Portland cement
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CaO + H,O —»  Ca(OH), (2-6)
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3. mwuﬂvu (Limestone powder, LP) 29AU5ZNOUMUAN LAZNIINIININVDIHY

Aufuaanaaa 13 lua15190 3-1 nazgdirsoymaveswaiuyuuaasluning 3-3

4. 11 (Water) %
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A s A an A s s s
AT NN 3-1 @Qﬂﬂﬁgﬂﬂﬂﬂ']\‘l!ﬂulmgﬂmﬁiJ‘UG]‘Vﬂ\‘]ﬂWEJﬂ'IW“lIfJ\T}JUGD'HJuﬁﬂ@ﬁﬁLlﬁUQ

v o a a
Uszianil 1 aznSumngunan (GGBFS) 1d1ave nazneuifu (LP)

Chemical Compositions (%) Portland cement type I GGBFS LP
Silicon dioxide, SiO, 19.51 34.06 2.48
Aluminum oxide, ALO, 4.97 16.27 1.13
Iron oxide,Fe,O, 3.78 1.7 0.38
Calcium oxide, CaO 65.38 36.05 55.13
Magnesium oxide, MgO 1.08 7.38 0.77
Sulfur Trioxide, SO, 2.16 2.16 0.03
Sodium oxide, Na,O 0.01 0.21 <0.01
Potassium oxide, K,0O 0.44 1.09 0.05
Titanium Dioxide, TiO, 0.27 0.47 0.04
Phosphorus pentoxide P,O; 0.07 0.01 0.01
Loss on ignition, LOI 2.27 1.14 39.73
MnO - 0.28 0.02
Physical properties
Blaine Fineness (sz/ 2) 3,550 4,600 8,840

Specific gravity 3.15 2.85 2.69
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1.10 Gmmaauﬁ'ﬂsﬂvmmd%qwaﬁ(Half-cell potentials) A4 3-15
1.11 @1582018 Copper sulphate

v Aaa I'4 % Aa A Jd o {
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HAZY17 20 EUAIUAT 1ASHANABDUNTAMINTIUNTUADUNTAAIA519T 3-2 1%

[

AP s { 3 o o o ' {
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M13197 3-2 @IUHaNAOURIAN I¥NATEY Chloride threshold (Cement content 400 kg/m’)

Mix proportion of concrete (kg/m3)

Mixture code w/b Sand Rock
Cement GGBFS LP Water

(SSD) (SSD)
150 400 - - 200 747 988
I50SL30 280 120 - 200 743 982
150SL40 240 160 - 200 742 980
I50SL50 200 200 - 200 740 978
I50SL70 120 280 - 200 736 973
I50SL30LP5 0.50 260 120 20 200 741 980
I50SL30LP10 240 120 40 200 739 976
I50SL30LP15 220 120 60 200 737 975
IS0SL50LPS 180 200 20 200 738 976
I50SL50LP10 160 200 40 200 736 973
I50SL50LP15 140 200 60 200 735 971

= A s 7 s A = o
UHIHA: “T” TUIYD ﬂ,ummu@ﬂeimauﬂﬂﬁzmmm 1, “GGBFS” 1894 ﬁ%ﬂiulﬂWﬂZ}i

< =2 a
manuea, “LP” gy PN“I’TL!IJ“L!

a A < A
2.2 MINATDUILYLIIANTNATUNUDIUANITTY

v 9
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Es
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MNN 3-17 MIFTOUADINNATOUAWNINTTIU ASTM G109
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& A Y] ] H
lnaaiiodisdanagevimalasuntlasveannudunszua i (Current density) uay
o = ] 3 KR o w 1 d' o [ P o =
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fed1anaaeveen FuIMIIadnd lWfhaTawad (Half-cell potentials) ttazSaneng 11l
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Chloride threshold content of concrete

Distance from exposed Depassivation time
Mixture code % by wt of concrete % by wt of binder
surface (cm) (Days)
Total chloride ~ Freechloride  Total chloride  Free chloride
0.00 222 1.87 12.96 10.92
0.50 0.74 0.67 432 391
125 0.17 0.13 0.99 0.76
E 1.75 0.07 0.06 041 0.35
40
225 0.05 0.03 0.29 0.18
2.5 0.02 0.02 0.12 0.12
3.50 0.01 0.01 0.06 0.06
Chloride threshold 0.06 0.05 0.35 0.26
0.00 1.87 2.95 10.87 17.15
0.50 0.95 0.84 5.52 4.88
- 125 0.36 0.32 2.09 1.86
o
zﬁ 1.75 0.28 0.21 1.63 1.22
8] 146
225 0.11 0.09 0.64 0.52
2.75 0.13 0.08 0.76 0.47
3.50 0.05 0.03 0.29 0.17
Chloride threshold 0.20 0.15 1.13 0.87
0.00 3.53 0.96 20.61 5.60
0.50 0.89 0.88 5.20 5.14
- 125 0.37 0.35 2.16 2.04
% 1.75 0.17 0.14 0.99 0.82
e} 182
225 0.05 0.04 0.29 0.23
2.75 0.01 0.02 0.06 0.12
3.50 0.01 0.01 0.06 0.06
Chloride threshold 0.11 0.09 0.64 0.53
0.00 2.35 0.59 13.62 342
0.50 1.02 0.98 591 5.68
- 125 0.28 0.27 1.62 1.56
)
zﬁ 1.75 0.10 0.06 0.58 0.35
8] 148
225 0.04 0.05 0.23 0.29
2.75 0.04 0.03 0.23 0.17
3.50 0.15 0.02 0.87 0.12

Chloride threshold 0.07 0.06 041 0.32
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Chloride threshold content of concrete

Distance from exposed Depassivation time
Mixture code % by wt of concrete % by wt of binder
surface (cm) (Days)
Totalchloride ~ Freechloride  Total chloride  Free chloride
0.00 1.13 0.71 6.52 4.10
0.50 0.83 0.80 4.79 4.62
- 125 0.22 0.19 1.27 1.10
4
S|
) 1.75 0.09 0.05 0.52 0.29
2 164
225 0.05 0.03 0.29 0.17
2.75 0.04 0.02 0.23 0.12
3.50 0.03 0.01 0.17 0.06
Chloride threshold 0.07 0.04 0.40 0.23
0.00 2.83 1.37 16.42 7.95
0.50 1.12 1.02 6.50 592
E 125 0.50 0.40 2.90 2.32
(=3
a 1.75 0.18 0.13 1.04 0.75
2 180
ks 225 0.06 0.05 0.35 0.29
2.75 0.03 0.03 0.17 0.17
3.50 0.01 0.01 0.06 0.06
Chloride threshold 0.12 0.09 0.70 0.52
0.00 2.52 1.77 14.58 10.24
0.50 1.04 0.95 6.02 5.50
= 125 0.36 031 2.08 1.79
=
3 175 0.14 0.13 0381 075
1%} 148
2 225 0.08 0.07 0.46 041
2.75 0.01 0.05 0.06 0.29
3.50 0.08 0.02 046 0.12
Chloride threshold 0.11 0.10 0.64 0.58
0.00 0.88 0.90 5.09 5.20
0.50 1.05 1.00 6.07 5.78
E 1.25 0.43 0.35 249 2.02
=
& 1.75 0.09 0.05 0.52 0.29
|
N 92
2 225 0.07 0.03 040 0.17
275 0.03 0.02 0.17 0.12
3.50 0.05 0.02 0.29 0.12

Chloride threshold 0.08 0.04 046 0.23
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Chloride threshold content of concrete
Distance from exposed Depassivation time
Mixture code % by wt of concrete % by wt of binder
surface (cm) (Days)
Total chloride ~ Freechloride  Total chloride  Free chloride

0.00 2.44 243 14.07 14.01
0.50 0.95 091 548 5.25
5 125 0.21 0.18 121 1.04
[=4
hi 1.75 0.08 0.07 046 0.40
2 138
] 225 0.04 0.05 0.23 0.29
275 0.04 0.03 0.23 0.17
3.50 0.06 0.06 0.35 0.35
Chloride threshold 0.06 0.06 0.35 0.35
0.00 1.71 0.99 9.89 5.73
0.50 1.09 1.01 6.31 5.84
(=4
= 125 0.03 0.15 0.17 0.87
o
|
I 1.75 0.05 0.03 0.29 0.17
A 132
2 225 0.04 0.03 0.23 0.17
2.75 0.07 0.05 0.40 0.29
3.50 0.01 0.02 0.06 0.12
Chloride threshold 0.05 0.03 0.26 0.17
0.00 1.07 0.98 6.18 5.66
0.50 0.27 0.16 1.56 0.92
E 125 0.11 0.09 0.63 0.52
=
R 1.75 0.06 0.06 0.35 0.35
|
2 118
) 225 0.02 0.01 0.12 0.06
2.5 0.02 0.01 0.12 0.06
3.50 0.01 0.01 0.06 0.06

Chloride threshold 0.04 0.04 0.23 0.20
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The compressive strength of concrete (Cement content 400 kg/rn3)

At 28 days, water curing At 91 days, water curing At 365 days, water curing
Mixture code w/b
Compressive strength (kg/ sz) Compressive strength (kg/cmz) Compressive strength (kg/ sz)
Sample 1 Sample2 Average Samplel Sample2 Average Sample! Sample2 Average
140 503.5 513.1 513 670.7 689.1 680 690.3 7175 704
140SL30 452.8 483.7 484 660.1 620.4 640 694.7 682.1 688
140SL40 541.3 646.1 541 688.7 690.1 689 705.0 683.2 694
140SL50 551.2 786.1 551 698.2 695.6 697 749.8 728.7 739
140SL70 489.6 5109 500 606.8 607.8 607 646.4 624.5 635

140SL30LPS 0.40 524.8 5919 558 619.8 676.9 648 656.5 627.9 642

140SL30LP10 488.3 3719 430 648.3 611.6 630 713.6 693.2 703
140SL30LP15 552.7 5844 569 656.5 5872 622 619.8 5953 608
140SL50LPS 5224 536.8 530 5932 636.8 615 636.1 658.5 647
140SL50LP10 529.0 480.7 505 6224 578.0 600 660.6 644.2 652
140SL50LP15 553.0 560.2 557 586.5 5912 589 611.6 5953 603
150 5503 468.9 510 568.8 5525 552 642.2 570.8 571
150-FA30 321.8 330.8 326 428.1 428.1 428 452.6 407.7 430
150-FAS0 284.5 295.8 290 346.6 3914 369 411.8 403.7 408
I50SL30 484.0 512.0 484 5545 555.6 555 4975 583.1 583
150SL40 456.9 397.5 457 562.7 513.8 563 591.2 5423 591
I50SL50 473.8 469.6 472 530.1 515.8 523 587.2 601.4 594
150SL70 0.50 405.4 412.1 409 454.6 4179 436 481.1 4873 484
I50SL30LPS 440.0 464.7 452 499.5 473.0 486 5423 538.2 540
I50SL30LP10 3884 383.7 386 495.4 493.4 494 505.6 477.1 506
I50SL30LP15 323.0 4204 372 534.1 526.0 530 5423 566.8 555
I50SL50LPS 452.1 464.7 458 526.0 505.6 516 5423 562.7 552
I50SL50LP10 337.0 338.7 338 3914 403.7 398 420.0 395.5 408

I50SL50LP15 402.8 386.9 395 4893 464.8 477 505.6 470.9 488
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