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ABSTRACT

The purpose of this study is to evaluate the ability to resist chloride ions penetration of the concrete structure

under marine environment in south-east asia especially.

In this study, high strength concrete(HSC) with various combination of ordinary portland cement(OPC),
blast-furnace slag(SG) and silica fume(SF) are cured 23 and 35 C considering the site weather, and are cured in
water for 3, 7 or 56 days respectively. And to investigate the fundamental properties and the resistance of
chloride penetration of various HSC, setting time, slump flow, compressive strength, void and ASTM C 1202 test
were conducted. Test results show that the compressive strength of HSC is similar regardless of SG replacement
ratio and total charge passed of chloride is the smallest at 40 % replacement of SG. The compressive strength of
G4FS HSC is, besides, outstandingly high at early age compare with other HSC, but the compressive strength of

G4F HSC, which is vary according to curing temperature and condition, most high at the age after 7 days.

Total

passed charge of HSC get larger in the order GAFS <G4F <G4M <G4 <Control concrete. Especially, G4FS and
G4F HSC show very excellent ability to resist chloride ions penetration, which are correspond to 'Negligible’ and
"Very low’ based on chloride permeability grade of ASTM 1202.

Keywords : high strength concrete, mineral admixtures, curing conditions, ability to resist chloride ions penetration
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Table 1 Chemical composition and physical properties of cement and mineral admixture
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Items Chemical composition(%) Specific Blaine
Types Ca0 SiO: AlyOs Fe:Os MgO SOs Igloss | gravity (em’/g)
OPC 62.75 22.06 5.47 3.31 2.40 2.34 1.01 3.15 3,366
SG 41.98 34.69 15.42 0.23 6.36 0.15 0.04 2.90 4,550
SF 0.19 95.0 0.26 0.13 0.45 0.23 0.10 2.30 260,000
MK 0.1 525 447 0.2 0.3 - 04 2.50 130,000
SS 58.42 23.06 5.78 3.53 1.72 4.56 1.83 2.65 -
Table 2 Physical properties of aggregates
g e | Max sive o [ speciic graviy | APt [ U et T B
Fine agg. - 2.60 0.95 1,580 2.80
Coarse agg. 13 2.65 0.87 1,567 6.33
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Table 3 Mix proportion of concretes

Items | W/B OPC/SG/ S/a Unit weight(kg/m”) HRWR

Types (%) | MK/SF/SS(%) | (%) W C S G SG SF | MK | 8§ | (Cx%)
GO 30 100/0/0/0/0 39 165 | 5500 | 629 | 1003 - - - - 0.90
Series | G3F | 30 65/30/0/5/0 39 165 | 3575 | 633 | 1010 | 165 | 275 - - 0.90
1 G4F | 30 55/40/0/5/0 39 165 | 3025 | 632 | 1007 | 220 | 275 - - 0.90
G5F | 30 45/50/0/5/0 39 165 | 2475 | 630 | 1005 | 275 | 275 - - 0.90
Serics G4 30 60/40/0/0/0 39 165 | 3300 | 623 993 | 220 - - - 0.90
5 GAM | 30 55/40/5/0/0 39 165 | 3025 | 630 | 1004 | 220 - 275 - 0.90
GAFS"| 30 48/40/0/5/7 39 165 | 2640 | 642 | 1023 | 220 | 275 385 | 090

The type of

Mineral admixture
£ 1 Silica fume{5% replacement)

G ! Blast furnace slag
E M : Metakaolin(5% replacement)
S : Expansive admixture(7% replacement)

Table 4 Curing condition of concretes

Items
Curing Curing condition Remark
temperature
Cured in water for 56 days st
. Cured in water for 3 days 3d
23 C and then cured in air
Cured in water for 7 days 7d
and then cured in air
Cured in water for 56 days ht
. Cured in water for 3 days
35T and then cured in air ht3d
Cured in water for 7 days h
and then cured in air t7d
232 ¢SAE
Z3 e 7= KS F 24060 st} A3 3, 7,

47 500 ton WEAGFIIE AHgEte] 34

233 3%

Agkst EAYEBY T ASTM C 642 (Standard
Test Method for Density, Absorption, and Voids in
Hardened Concrete)®] A@Wol #3t9 AT

T (%) = (Ge-Gr)/Gex100

e SR ZEEIRE L Y RN

=1"1---- Replacement of blast—furnace slag(0 :0%, 3 ;30%, 4 ;40%, 5 ;50% )
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Table 5 Fundamental properties and comp. strength results of high strength concrete

Ttems OPC/SG/ Curing | o™ | Void Compressive strength(MPa)
OwW
Types MK/SF/SS(9%) method (cm) (%) 3days 7days %8days 56days
st 8.20 333 39.7 52.4 53.3
GO 100/0/0/0/0 55.0
/0/0/0/ ht 8.83 40.3 431 473 495
st 7.02 38.6 476 64.0 67.1
G3F 65/30/0/5/0 59.0
/30/0/5/ ht 7.61 46.3 53.2 635 64.2
st 6.51 39.1 51.8 68.7 72.4
Series 1 3d 7.33 39.1 485 60.0 61.5
7d 7.28 39.1 51.8 60.7 62.2
F 40/0/5 60.
G4 55/40/0/5/0 ht 5 7.41 46.6 50.2 65.4 67.2
ht3d 7.33 46.6 53.0 56.3 579
ht7d 7.25 46.6 50.2 57.3 595
. st 7.01 336 52.8 65.3 66.4
63.
GSF 45/50/0/5/0 ht 0 7.56 437 50.9 64.6 66.2
st 8.20 324 46.9 60.5 64.3
G4 60/40/0/0/0 ht 650 8.83 38.0 42.0 48.3 515
st 6.88 309 45.7 63.3 66.5
4 52.
G4M 60/40/5/0/0 ht 21 754 42.9 475 58.7 65.6
Series 2 st 6.41 435 51.7 62.1 64.1
enes 3d 721 435 50.6 56.8 50.4
7d 7.14 435 51.7 570 61.2
GaFS 48/40/0/5/1 ht 510 7.01 47.0 52.7 58.7 62.3
ht3d 7.34 470 519 56.5 57.8
ht7d 7.28 47.0 52.7 56.9 59.2
10.0 90
B icitio setting(23°C) Y initial setting(35°C)
9.0 % [:‘ final setting(23°C) | final setting(35°C) - 80 -
= .
)
g 6ok
Q o
E > 50
&= 60 7
= 6 2
5.0 £ or
' 3 . - -A~- G3F
30 - - -m~- G4F
4.0 - —@~- G5F
20 S i 1 1
3.0 b - L 3 7 28 56
GO G3F G4F  GSE Age (days)
Fig. 1 Setting time with curing temp. and SG Fig. 2 Compressive strength with curing temp. and
replacement SG replacement
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Table 6 Total charge passed of high strength concrete (Coulomb, 28 days)
Items OPC/SG/ 23¢C 35T
Types MK/SE/SS(%) st 3d 7d ht ht3d ht7d
GO 100/0/0/0/0 1,379 - - 1,924 - -
Series 1 G3F 65/30/0/5/0 130 - - 315 - -
S G4F 55/40/0/5/0 120 173 153 147 182 158
GbF 45/50/0/5/0 205 - - 291 - -
G4 60/40/0/0/0 346 - - 737 - -
Series 2 | G4M 55/40/5/0/0 142 - - 236 - -
G4FS 48/40/0/5/7 36 63 56 41 81 52
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Fig. 5 Compressive strength of high strength
concrete with curing temp. and conditions
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Fig. 7 Relationship between comp. strength and
void and total charge passed
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P R
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Fig. 8 Relationship between total charge passed and
void with type of mineral admixtures
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Fig. 9 Total charge passed and void with curing
temp. and condition (G4F, G4FS)
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