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Corrosion Cell in Concrete
Fe           Fe2+ + 2e -

Fe2+ + 2Cl- FeCl2

2Fe(OH)2 + 1/2O2 Fe2O3 + 2H2O

1/2O2 + H2O + 2e - 2OH-

FeCl2 + 2OH- Fe(OH)2 + 2Cl-

2OH-

Fe3O4

γFe2O3

Fe3O4

γFe2O3

Anode

2e -

Cathode

-350 mV

-200 mV

-500 mV

4

3

4



2021 INDOT Bridge Design Conference 2/16/2021

3

“Chip and Patch” Repair Method

© Vector

5

Patch Accelerated Corrosion
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Halo Effect
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Halo Effect
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Halo Effect
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Type 1 Galvanic Anodes
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Patch Accelerated Corrosion
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Installed Galvanic Anode

Anode Galvanically Protects 
Surrounding Rebar

Chloride-Free PatchChloride Contaminated Concrete
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Which anode?

Spacing?

Design Questions
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Galvashield® XP Product Range
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Anode Spacing

Based upon steel layout

Steel Density Ratio

(Surface Area)

Consider all steel within influence of anode

17

Steel Density Ratio

Surface Area of Steel 3.14 x L x D x N

Surface Area of Concrete 1 sq.ft (144 sq.in.)

L = Length of bars

D = Diameter of bars

N = Number of bars
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Abutment

#5’s  at 18” on center
Horizontal and Vertical

19

Abutment

#5’s  at 18” on center
Horizontal and Vertical

3.14 x (5/8)” x 12” x 2 bars = 47 sq.in.
.

20

19

20



2021 INDOT Bridge Design Conference 2/16/2021

11

Abutment

#5’s  at 18” on center
Horizontal and Vertical

3.14 x (5/8)” x 12” x 2 bars = 47 sq.in.
.

Area = 12” x 12” = 144 sq.in.
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Abutment

#5’s  at 18” on center
Horizontal and Vertical

3.14 x (5/8)” x 12” x 2 bars = 47 sq.in.
.

Area = 12” x 12” = 144 sq.in.

47 sq.in. / 144 sq.in. = .33 
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Abutment

#5’s  at 18” on center
Horizontal and Vertical

3.14 x (5/8)” x 12” x 2 bars = 47 sq.in.
.

Area = 12” x 12” = 144 sq.in.

47 sq.in. / 144 sq.in. = .33 

Steel Density Ratio = .33
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Column

12” square column

4 x #9’s

#4 ties at 12” on center
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Column

12” square column

4 x #9’s

#4 ties at 12” on center

3.14 x (9/8)” x 12” x 4 bars = 170 sq.in.

25

Column

12” square column

4 x #9’s

#4 ties at 12” on center

3.14 x (9/8)” x 12” x 4 bars = 170 sq.in.
3.14 x (4/8)” x 8” x 4 sides = 50 sq.in.
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Column

12” square column

4 x #9’s

#4 ties at 12” on center

3.14 x (9/8)” x 12” x 4 bars = 170 sq.in.
3.14 x (4/8)” x 8” x 4 sides = 50 sq.in.

Area = 12” x 12” x 4 sides = 576 sq.in.
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Column

12” square column

4 x #9’s

#4 ties at 12” on center

3.14 x (9/8)” x 12” x 4 bars = 170 sq.in.
3.14 x (4/8)” x 8” x 4 sides = 50 sq.in.

Area = 12” x 12” x 4 sides = 576 sq.in.

(170 sq.in. + 50 sq.in.) / 576 sq.in. = .38 

Steel Density Ratio = .38

28

27

28



2021 INDOT Bridge Design Conference 2/16/2021

15

Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

29

Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

3.14 x (7/8)” x 12” x 3 bars = 99 sq.in.

30

29

30



2021 INDOT Bridge Design Conference 2/16/2021

16

Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

3.14 x (7/8)” x 12” x 3 bars = 99 sq.in.
3.14 x (4/8)” x (14”+(4”x2 sides)) x (12’/12”) = 35 sq.in.

31

Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

3.14 x (7/8)” x 12” x 3 bars = 99 sq.in.
3.14 x (4/8)” x (14”+(4”x2 sides)) x (12’/12”) = 35 sq.in.

Area = (18” bottom +(6” ht. x 2)) x 12” length = 360 sq.in.
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Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

3.14 x (11/8)” x 12” x 3 bars = 155 sq.in.
3.14 x (4/8)” x (14”+(4”x2 sides)) x (12’/12”) = 35 sq.in.

Area = (18” bottom +(6” ht. x 2)) x 12” length = 360 sq.in.

(99 sq.in. + 35 sq.in.) / 360 sq.in. = .37
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Bottom of Beam

18” on bottom of beam plus
6” up sides

3 x #7’s

#4 ties at 12” on center

3.14 x (11/8)” x 12” x 3 bars = 155 sq.in.
3.14 x (4/8)” x (14”+(4”x2 sides)) x (12’/12”) = 35 sq.in.

Area = (18” bottom +(6” ht. x 2)) x 12” length = 360 sq.in.

(155 sq.in. + 35 sq.in.) / 360 sq.in. = .37 
Steel Density Ratio = .37
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Abutment

SDR = .33

20” spacing

Column 

SDR = .38

20” spacing

Beam

SDR = .37

20” spacing
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Questions

Erik Thorp
erikt@vector‐corrosion.com
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