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Abstract

This research aims to study the rapid chloride penetration and compressive strength of
concrete containing ground granulated blast-furnace slag, fly ash and limestone powder. There were
two types of binder in concrete which were binary binder concrete and ternary binder concrete. Binary
binder concrete were concrete with ground granulated blast-furnace slag replacement at 30%, 40%,
50%, and 70% of binder and concrete with fly ash replacement at 30% and 50% of binder. For ternary
binder concrete, there were concrete with ground granulated blast-furnace slag replacement at 30% and
50% of binder and limestone powder replacement at 5%, 10% and 15% of binder and concrete with fly
ash replacement at 30% and 50% of binder and limestone powder replacement at 5% and 10% of
binder. The water to binder ratio of 0.40 and 0.50 was used. The rapid chloride penetration tests
(RCPT) were performed at 28 and 56 days. The compressive strength tests were done at 28 days.

From the experimental results of binary binder concrete, it was found that concrete with
ground granulated blast-furnace slag replacement at 70% of binder had the lowest rapid chloride
penetration for binary binder concrete at water to binder ratio of 0.40. But, at water to binder ratio of
0.50, concrete with fly ash replacement at 50% of binder had the lowest rapid chloride penetration.
When the same replacement of ground granulated blast-furnace slag and fly ash in concrete was
compared, it showed that concrete with fly ash replacement had lower rapid chloride penetration than
concrete with ground granulated blast-furnace slag replacement. For ternary binder concrete, it was
found that concrete with ground granulated blast-furnace slag replacement at 50% of binder and
limestone powder replacement at 5% -15% of binder had the lowest rapid chloride penetration for both
water to binder ratio of 0.40 and 0.50. Finally, when the relationship between the rapid chloride
penetration and compressive strength of concrete was considered, both binary binder concrete and
ternary binder concrete had higher compressive strength and lower chloride penetration than plain
cement concrete. Concrete with ground granulated blast-furnace slag replacement at 50% of binder had
high compressive strength and less rapid chloride penetration. Concrete with ground granulated blast-
furnace slag replacement at 50% of binder and limestone powder replacement at 5% and 15% of binder

had less rapid chloride penetration, but low compressive strength.
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BS 8110: British Standard for the design and construction of reinforced and prestressed concrete structures

ACI 201: American Concrete Institute for guide for durable concrete

ACI 357: American Concrete Institute for guide for the design and construction of fixed concrete offshore
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ACI 222: American Concrete Institute for corrosion of metals in concrete
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ACI 222: American Concrete Institute for corrosion of metals in concrete
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3.1.5 ‘L{W (Water)
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3.1.6 4I937U (Aggregates)

WIATIWHO (Coarse aggregate) Ao Huniivuialugindi 4.75 Hadwas WioAwegUY
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13191 3.1 @Qﬂﬂi%ﬂ@U‘V]1\1&?111&@3?’]"(]4611U@I‘VI”NﬂWJﬂTWGUBQﬁu‘ﬂflmuﬁﬂ@ﬁ@]uauﬂﬂigmﬂﬂ 1

Y < a
HAZASNTUIAIDULHaNUA Lﬁ'maauazmwuﬂ,u

Ground
Chemical Compositions Portland Mae Moh | Limestone
granulated blast -
(%) cement Type 1 Fly Ash powder
furnace slag

Silicon dioxide, SiO2 20.80 34.06 36.10 2.48
Aluminum oxide, Al O, 5.50 16.27 19.40 1.13
Iron oxide, Fe,O, 3.16 1.70 15.10 0.38
Calcium oxide, CaO 64.97 36.05 17.40 55.13
Magnesium oxide, MgO 1.06 7.38 2.97 0.77
Sulfur Trioxide, SO, 2.96 2.16 0.77 0.03
Sodium oxide, Na,O 0.08 0.21 0.55 <0.01
Potassium oxide, K,O 0.55 1.09 2.17 0.05
Titanium Dioxide, TiO, - 0.47 - 0.04
Phosphorus Pentoxide P,O; - 0.01 - 0.01
Loss on ignition, LOI 2.89 1.44 2.81 39.73
Physical properties

Blaine fineness (cmz/g) 3,480 4,600 2,460 9,260
Specific gravity 3.11 2.96 2.27 2.70

30
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Mean diameters Cement type 1 Fly ash Limestone power

(pm) (pm) (pm)
D (v, 0.1) 1.46 0.33 0.45
D (v, 0.5) 17.54 6.88 4.21
D (v,0.9) 50.97 56.27 17.28
D[4, 3] 23.09 19.80 6.81
D3, 2] 2.85 1.11 1.34
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5. 1030911 NI UVAIAOA (Digital balance)
Y
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andsazarenazaudsazateildnadon anyuzdoudnasudaaalugiin 3.17

510 3.17 Foudnms

7. finmnesyuia 250 ml
lamsazane ls@ennan 156 (NaCl) tazans Iasdenlansenlad (NaOH)

anvaziininesyuna 250 ml uaaslugalii 3.18

8. UNINBSUUIA 1000 ml
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1. Yandeunan'lsd (NaCl)
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IHaumsazarelusousadnaaouniiay anvazas Iu@esunas lsa (NaCl) uaaaly

517 3.22 TRounas'lsa (NaCl)
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2. Tandenlaason loa (NaOH)

38



9 Aa 1 4 A ;’i (9 = 4
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waadlugiln 3.23

51 3.23 TmRou leasonlad (NaOH)
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1. Ha0AIDE19ABUNIANTINTEVONNNULIA 20 LUAINAT x 10 uANas dauaadlugl
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M1319%0 3.3 ﬁ?uWﬂﬂJﬂﬂuﬂi@ﬂl"ﬁ

Mix proportion of concrete (kg/mg)
e Binder Sand Rock
Mix id.
Cement Slag Fly ash LP Water (SSD) (SSD)
1 140 400 - - - 160 793 1048
2 140-SL30 280 120 - - 160 788 1041
3 140-SL40 240 160 - - 160 786 1039
4 140-SL50 200 200 - - 160 786 1039
5 140-SL70 120 200 - - 160 782 1034
6 140-SL30-LP5 260 120 - 20 160 787 1040
7 140-SL30-LP10 240 120 - 40 160 785 1038
8 140-SL30-LP15 220 120 - 60 160 783 1035
9 140-SL50-LP5 180 200 - 20 160 784 1036
10 140-SL50-LP10 160 200 - 40 160 782 1034
11 140-SL50-LP15 140 200 - 60 160 780 1031
12 150 400 - - - 200 747 988
13 150-FA30 280 - 120 - 200 728 963
14 150-FA50 200 - 200 - 200 717 947
15 150-SL30 280 120 - - 200 743 982
16 150-SL40 240 160 - - 200 742 980
17 150-SL50 200 200 - - 200 740 978
18 150-SL70 120 280 - - 200 736 973
19 150-SL30-LP5 260 120 - 20 200 741 980
20 150-SL30-LP10 240 120 - 40 200 739 976
21 150-SL30-LP15 220 120 - 60 200 737 975
22 150-SL50-LP5 180 200 - 20 200 738 976
23 150-SL50-LP10 160 200 - 40 200 736 973
24 150-SL50-LP15 140 200 - 60 200 735 971
25 150-FA30-LP5 260 - 120 20 200 726 959
26 150-FA30-LP10 240 - 120 40 200 725 958
27 150-FA50-LP5 180 - 200 20 200 715 944
28 150-FAS0-LP10 160 - 200 40 200 713 942
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Charge passed (Coulombs) Chloride ion penetrability
> 4,000 High

2,000—4,000 Moderate

1,000-2,000 Low

100-1,000 Very low

<100 Negligible
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