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A Study on Chloride Attack Resistibility of Quaternary Concrete
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Abstract The purpose of this study is to estimate Chloride Attack Resistibility and mechanical properties of
quaternary concrete adding fly ash, blast-furnace slag, and silica fume. Compressive strength, modulus of
elasticity, chloride migration coefficient, charge passed from Rapid chloride penetration test(RCPT), and
immersion testing in 3% NaCl are tested. Chloride migration coefficient and charge passed of quaternary
concrete measured 0.032x10-12 m*/sec and 650 coulomb at 17 weeks, which are in a permitted limit. Also in
immersion test, depth of chloride penetration and maximum chloride ion of quaternary concrete measured 3.7
mm and 10.211 kg/m’ respectively. From the results, quaternary concrete adding fly ash, blast-furnace slag, and
silica fume denotes improvement of mechanical properties and chloride attack resistibility.

Key Words : Chloride Attack Resistibility, Chloride migration coefficient, Mechanical properties, Quaternary
concrete, RCPT
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[Table 1] Experiment Assessment

Assessment
Compressive strength
2 1
Modulus of elasticity (Day) 7, 28,56, 9
Rapid chloride penetration test
(Week)
Chloride migration coefficient 1, 2, 4, 8, 13

(Week)

Immersion testing in 3% NaCl
(Week)

after 28 day

[Table 2] Mixing Design

Specific Weight(kgm)
Gr
ound Admi
Type Granulated| Hy | Silica xture
Water | Cement Blast At | Fume Sand | Gravel %
Fumace
Slag
Plain | 155 | 450 - - 935 | 797
3B 155 | 2925 | 1125 45 - 922 | 785 | 135
4B | 155 | 270 | 1125 45 | 225 | 918 | 782
2.2 M=
2.21 A[HE
£ Aol M ALgE AMEL SAelA AlxE T
HE EEACARES AMggon] AWES B8t
gt =] A] e o9 Table 307 ZFA|S] LERA ST

[Table 3] Chemical and Physical composition of Cement

Type Type I Portland Cement
Fineness(cmzlg) 3,266
Density(cm’/g) 3.15

SiO, | 20.71 CsS | 48.20

. ALO; | 5.56

cfxzizlslii?in Fe,O3 | 3.03 Compo.ufld GS | 2300
%) CaO 62.25 | composition ca | 960
MgO | 3.40 (%) 3 :
SO; 2.50
LOI | 142 CiAF| 9.20
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[Table 4] Chemical and Physical composition of aggregate

Type Coarse Fine
P Aggregate Aggregate
Maximum size of
aggregate (mm) 20 5
Fineness Modulus 6.8 2.85
Soecifi R
pecific C;rawty 257 257
(g/em’)
Absorption(%) 1.32 2.33
Bulk Density of
Aggregate (k g/ms) 1,700 1,750
2.2.3 E3E
2 Aol el AAbE 3% LesHa nlE
w3} 2% ZajolofA 2 ALgSlgTh Tel Aege
Lagolof e 35 HEFles AMgstglen, 2

Zyo] Eu-3}ela EAJS Table 59F ).

[Table 5] Chemical composition of Mineral Admixture

Ground
.. Granulated Silica
Composition (%) Blast Furnace Fly Ash Fume
Slag

SiO, 34.29 61.20 92.01

CaO 42.41 1.82 0.60

ALOs 13.19 24.92 2.00

Fe;03 0.59 4.63 2.00

MgO 4.11 0.62 0.60

SO; 3.17 - -

K.0 0.31 0.96 -
Density(cm’/g) 2.90 2.15 2.20
Fineness(cm’/g) 4,847 6,192 200,000
2.3 alguiH
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[Fig. 1] Chloride Ion Migration Accelerated Test Device
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[Fig. 3] Modulus of elasticity test result
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[Fig. 4] Rapid chloride penetration test result

[Table 6] Chloride ion permeability based on charge

The pass charge quantity Chloride ion permeability
©
>4000 High
2000~4000 Normal
1000~2000 Low
100~1000 Very low
<100 Ignore
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[Fig. 5] Chloride ion diffusion coefficient
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[Table 7] Immersion testing in 3% NaCl result - Chloride

amount (%)
(Unit : %)
Immersion
time 1 2 4 8 13
(week)
0-5mm 0.0664 | 0.1410 | 0.2104 | 0.2199 | 0.1748
5-10mm 0.0035 | 0.0083 | 0.0233 | 0.0496 | 0.0151
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[Fig. 6] Immersion testing in 3% NaCl result - Chloride
amount (%)
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[Fig. 7] Immersion testing in 3% NaCl result - Penetration
depth (mm)

[Table 8] Immersion testing in 3% NaCl result -
Penetration depth (mm)

(Unit : mm)
Immersion time
weel) 1 2 4 8 13
Immersion depth |, o |, | 5y | 35 | 37
(mm)
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