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Chloride-induced corrosion of embedded steel
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CaO 51 63

Sio, 14
Al,O, 14
Fe,O, 0.87
MgO 0.76
SO, 17
Alkalis 0.61
LOI 1.6

19
4.6
3.3
2.0
4.4

0.89
2.5

0.36
0.40 340 136
900
BCSA 0.45 320 144
0.55 280 154

Rough composition of BCSA
Belite 44%
Ye’elimite 27%
Calcium sulfate 24%
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Materials and mixture proportions

Cement type | w/icm | Cement | Water | Sand | #67 stone | Citric acid
kg/m3 | kg/m3 | kg/m3 kg/m3 % cm
PC 360 130

1100 1.00
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Rapid chloride penetrability test — ASTM C1202

Charge passed (C) | Penetrability
PC 337

0.36

BCSA 0.40 175
0.45 268
0.55 262

Charge passed (C) | Penetrability

2,000—-4,000 Moderate
1,000-2000  Low
100-1,000 - Verylow
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Surface resistivity test — AASHTO T 358

O

PC 0.36 10 ~ High
BCSA  0.40 73 _
0.45 48  Verylow I I

0.55 34 Low o]

Resistivity (kQ-cm)
<12 _ Concrete cylinder

12-21 Moderate
21-37 Low
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Bulk resistivity test —- ASTM C1876
PC

0.36 3.84
BCSA 0.40 6.77
0.45 6.77
0.55 4.63
<
5-10 Moderate
10-20 Low

20-200
>200

Moderate

Moderate

()

o/

Concrete cylinder

Conductive sponge

SS plate electrode
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Non-steady-state migration test — NT 492
PC

(DC)
0.36 10.78 x 1012 Moderate a N\

BCSA 0.40 2.07 x 1012 Low b
f
0.45 10.39 x 1012 Moderate c

Migration coefficient (101> m?/s) | Penetrability

> 16 _ a. Rubber sleeve e. Catholyte
b. Anolyte f. Cathode

8-16 Moderate ¢. Anode g. Plastic support
d. Specimen h. Plastic box

2-8 Low

veytow %’
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Non-steady-state mlgratlon test — NT 492

D RT Xd— a.\/xXq
NSSM — ZFE ¢

oE:ZE
\IL

RT 2¢
ra=2 ZFE erfl( _c_d)
0

Depth of
chloride
penetration

* ¢4 = chloride concentration threshold
for AQNO; color change

* ¢ =0.07 N for PC concrete
* ¢4 IS unknown for BCSA concrete
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Bulk diffusion test (ASTM C1556)

Migration coefficient (m?/s) Penetrablllty

0.36 5.80 x 1012
BCSA 0.40 28.3 x 1012
0.45 23.9 x 1012
0.55 15.9 x 1012

Diffusion coefficient (1012 m?/s) | Penetrability

0.6

ntration (%)

10-15 Moderate :
5-10 Low £
2_5 0.2 -

<2
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Sealed on All

Faces Except —
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2.8 M NaCl Solution

0.8 -

]
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o @

Diree = 1.16 x 10-11 m2/s
Dtotaf = 1.01 x 10-11 m2/s

12 15 18

Depth {mm)

(ACi® cONCRETE
CONVENTION



Comparison of penetrability classifications

RCPT Bulk resistivity NSSM Bulk diffusion

PC 0.36 High High Moderate Low
' 10 kQ-cm 4 kQ-cm D=11x10""?m2/s D =6x10"1% m?/s

Moderate Low High
7 kQ-cm D =2X10 1?2 m?/s BEVARSNEENEE

BCSA Moderate Moderate '
7 kQ-cm =10 X 10712 m?/s EIENVESSNEANEE
Low High High
34 kQ-cm 5 kQ-cm =18%x 10712 m?/s | D =16 x 1071%2 m?/s
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performance — ASTM G109
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Corrosion performance — ASTM C876

Reference electrode touched Negative
down at suitable intervals on connection
concrete surface to measure
potentials of embedded High impedance digital

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

reinforcing steel

Concrete

Positive
connection

Half cell potential Corrosion condition

-200 to -350 mV Uncertain
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Hydration modeling - CEMGEMS

100
90 .
C:AS-H
80 6/ \WP3M132
70
—Aqueous
5 60 | Aqueous —Belite
o 50 C,AS — Ye'elimite
CEG 40 — Calcium sulfate
—Ettringite
30 | C$ I
AH, — Stratlingite
20 ' c.s —A\l hydroxide
s . C,ASH
10 __//< X/ o
0
0.01 0.1 1 10 100 1000
Time (d)
HA )
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Pore solution alkalinity

13

12.5
£ 115

11

—Dilute slurry
—EX-situ leaching

10.5

10
0.001 0.01 0.1 1 10

Time (d)
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Remaining questions

1. Does later-age hydration of belite and associated elevation in pH translate to
better corrosion resistance under ASTM G109?

2. Do chloride penetrability test results correlate well with later-age corrosion
performance?

3. What about formation factor, direct pore solution expression, etc?
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Thank you!

Contact information

Robert J. Thomas, Ph.D.
Assistant Professor
Civil & Environmental Engineering
Clarkson University
rthomas@clarkson.edu
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