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Variation of Critical Chloride Content of Rebar Embedded
in Concrete with Admixture
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Abstract

The critical chloride content of rebar embedded in concrete was experimentally evaluated according to the admixture
replacement ratio and admixture type. Four types of reinforced concrete were mixed OPC 100%, OPC 70% + GGBFS
30%, OPC 40% + GGBFS 60%, and OPC 40% + GGBFS 40% + FA 20%. NaCl solution was supplied to the specimens,
and the open circuit potential of the embedded rebar was monitored. The specimens determined to initiate corrosion
were cut at intervals of Smm from the NaCl solution supply surface and conducted to chlorine ion profile. Corrosion
Initiation time of rebar embedded in concrete was delayed as the admixture replacement ratio increased. Looking at the
critical chloride content of the types of reinforced concrete, it was highest in OPC 1.46kg/m’, followed in order by S30

0.98kg/m’, TBC 0.74kg/m’, and S60 0.71kg/m'.
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Table 1. Gy according to FA replacement ratio

Fly Ash(%, mass of binder) Cim (%, mass of cement)
0 0.70
15 0.65
30 0.50
50 0.20

Table 2. Gy according to binder type

Cim (%, mass of cement)

Binder type
intetnal external
OPC 100% 1157 1.36 048 ~ 152
OPC 40% + GGBFS 60% 0.66 ~ 0.78 0.43 ~ 0.71
OPC 70% + FA 30% 0.32 ~ 046 0.22 ~ 0.35
OPC 90% + SF 10% 113 7 127 -
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Negative
connection

Reference electrode touched
down at suitable intervals on
concrete surface to measure
potentials of embedded
reinforcing steel

High impedance digital
voltmeter measures the
potential difference between
metal in reference electrode
and steel in concrete.

Concrete

Positive
connection

Figure 1. Schematic diagram of corrosion potential
measurement of rebar embedded in concrete
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Table 3. Chemical compositions of binder

Chemical Compositions (%)

Name

SiO2 ALOs TiOz FexO3 CaO MgO SOs KO etc. L.O.
OPC 197 53 03 29 617 38 25 09 28 23
GGBFS 334 134 06 03 446 41 27 04 05 0.1
FA 527 214 09 92 50 20 03 11 73 386
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Table 4. Concrete mix proportion

Un(it \;veigght
kg/m*
Name VX/B
o c S8 Fa st s G sP. AE
BFS P. AE.
OPC 180 300 - - 640 273 867 300 0.09
S30 60 180 210 90 - 640 273 867 240 0.12
S60 180 120 180 - 633 267 867 210 025
TBC 180 120 120 60 620 267 867 210 1.00
'Crushed Sand, “Sea Sand,
SMaximum size of coarse aggregate : 13mm
=
=
i e
Epoxy_| I
- o
e
el
~e
MnO, __ G
—
o
. o
Alkaline
slurry
Cement
Paste L

Figure 3. Schematic diagram of MnQO; sensor
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Table 5. ASTM C876 criteria for corrosion

Potential of Rebar (mV) Corrosion

CSE SCE SHE MnO, Probablity
< =500 < -426 < -184 < -665 Severe
< =350 < =276 < -34 < -515 90% 1
-350 ~ 200 -276 ~ -126 -34 T +116 -515 7 -419  50% |
> -200 > -126 > +116 > -419 10% |
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Figure 6. Schematic diagram of concrete sample for
chloride evaluation
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Table 6. Properties of fresh concrete

Target Target

Slump ’ Air content
Name Slump Air content o
(mm) (mm) 0/0) (/0)
OPC 195 (-5) 3.6 (-0.9)
S30 195 (-5) 52 (+0.7)
20025 4515
S60 200 45
TBC 200 3.0 (-1.5)
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Table 7. Result of concrete compressive strength

Compressive Strength (MPa)

Name
3d 7d 28d
OPC 18.0 23.2 29.2
S30 13.6 209 28.2
S60 11.8 20.9 27.4
TBC 8.4 15.4 21.8
30
x
2
=
N
220
]
=
[72]
o
2z
2
o 10 —e-0PC
g ——S30
=3
O —#-S60
TB
0 C
0 7 14 21 28
Curing Time (day)

Figure 7. Result of compressive strength according to
curing day
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Figure 8. Result of OCP monitoring experiment (OPC)



—¢S830-20mm

—4—S30-25mm

OCP (mV, vs.MnO,)

30 60 90

Time (day)

Figure 9. Result of OCP monitoring experiment (S30)

—¢S60-20mm

—&— S60-25mm

OCP (mV, vs.MnOy)

30 92 120

60
Time (day)

Figure 10. Result of OCP monitoring experiment (S60)
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Figure 11. Result of OCP monitoring experiment (TBC)
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Table 8. Surface Image of rebar after monitoring experiment
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Table 9. Result of total chloride measurement

Cover Amount of Chloride content (kg/m)
Depth
(mm) OPC S30 Se0 TBC
0-5 4.44 3.81 2.96 3.52
5-10 212 215 2.03 1.73
10-15 214 1.52 1.13 1.61
15-20 1.57 1.31 1.01 1.16
20-25 1.46 0.98 0.71 0.74
5
-8 OPC
S30
4 S60
TBC

2 —_.\'\.

Chloride content (kg/m’)

10 15
Cover Depth (mm)

20 25

Figure 12. Chloride content according to cover depth
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