REDUCING CORROSION OF REINFORCING STEEL
IN CONCRETE BRIDGE DECKS

Research Project 88
February 1980

Prepared for
Idaho Transportation Department
Division of Highways
Materials Section

Prepared By: J. L. Cosho, P.E.
Associate Materials Engineer II



TABLE OF CONTENTS

Indexes

Abstract

Disclaimer
Acknowledgements
Introduction

Outline of Testing Program
Discussion/Conclusion
Recommendations

o UL PN

12



Sketch I
Exposure Solution
Table I

(1)



ABSTRACT

The corrosion of reinforcing in concrete bridge decks and
other structural members containing chloride ion (from deicing
salts) results in the cracking and spalling of the surface con-
crete, and the eventual destruction of the concrete.

In this study, concrete block specimens, containing rein-
forcing steel, were exposed in the laboratory to solutions of 5%
NaCl in water containing various other salts to determine if any
corrosion inhibiting action could be detected. The salts inves-
tigated were calcium hydroxide, sodium carbonate, sodium silicate
and calcium nitrate.

Calcium hydroxide (hydrated lime) solutions showed little
inhibiting effect; 17 sodium carbonate solutions tended to in-
crease the rate of corrosion; 107 sodium carbonate showed some
inhibiting effect but is probably not practical because of its
caustic nature, and the sodium silicate and calcium nitrite
solutions showed results that justify further study and field
testing.
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DISCLAIMER

The findings, opinions, conclusions and recommendations
contained in this reort are those of the author and do not
necessarily reflect official policies of the Idaho Transportation
Department.
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INTRODUCTION

The corrosion of reinforcng steel in concrete bridge decks
and other members containing chloride ion results in the cracking
and spalling of the surface concrete, and the eventual destruc-

tion of the structure.

It is generally agreed that chloride concentrations of more
than 2.0 pounds per cubic yard of concrete (expressed as NaCl) is
the lower limit at which corrosion may start to become a problem.

At concentrations greater than 2.0 pound per cubic yard, the
natural protection of the steel by the relatively high pH of the
surrounding concrete begins to be lost and the steel, in the
presence of 02 and water, may start to corrode. The corrosion is
in the form of oxydation products of iron, which have a greater
volume than the original reinforcing steel.

The pressures from this increasing volume eventually exceed
the strength of the concrete which then cracks and spalls.

It has been observed that if a high pH ( 12.0) can be main-
tained around the steel, the corrosion is inhibited.

It has also been observed that half-cell potential voltages
are an indication of the rate of corrosion of steel in concrete
so these potentials were monitored during the course of the

tests.

In this project, the following activities were undertaken:

1. To study methods of maintaining a high pH around the
steel in bridge decks by the addition of strong alka-
line materials to bridge decks as spray-on solutions or
to the deicing materials used on bridge decks. The
alkaline materials investigated included hydrated
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lime (Ca(OH)z), sodium carbonate (Na2003) and sodium sili-
cate (Na28103 or Na20x X Si02) in various concentrations.

2. Study the inhibiting effect of the addition of calcium
nitrite (Ca(NOz)z) to concrete mixes and to deicing
salts.

OUTLINE OF TESTING PROGRAM

Eighteen concrete blocks containing reinforcing steel were
made (see following sketch). All blocks were made with 1/2-inch
maximum coarse aggregate, Type II cement (six bags), 0.6 water-
cement ratio with approximately seven inch slump. All blocks
were wet-cured 14 days, then air-dried for 14 days before testing.

The reinforcing steel was Grade 40, Size 3, sand-blasted to
white metal and weighed before being cast into the blocks. Block
Numbers 15, 16, 17 and 18 were cast with 2.5 percent Ca(N02)2 by
weight of cement, added during the mixing.

After curing, the test blocks were subjected to alternate
weeks of exposure of salt solution (at room temperature) and oven
drying (115°F). The solutions were ponded in 1/2-inch deep
recesses on top of the test blocks and replenished as necessary
to avoid complete evaporation. The solutions were drained before

oven drying.

As salt encrustation tended to build up on the surfaces of
the blocks after the first few wet-dry cycles, the blocks were
lightly wasihed with fresh water and surface dried with a towel
before oven drying. At the end of the tests, the blocks were
broken up, the steel recovered, cleaned and reweighed to deter-
mine weight loss.
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SKETCH I
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Half-cell electrical potentials were recorded at the end of
each salt exposure cycle. Development of cracks and/or rust
stain were noted.

The test blocks were numbered 1 through 18. The tests
blocks were exposed as follows:

Block Number Exposure Solution
1, 2 5% NaCl Solution + 0.1% C&(OH)2
3, 4 5% NaCl in saturated (Ca(OH) ) Solution + 3% Ca(N02)2
5, 6 5% NaCl in saturated (Ca(OH)z) Solution
7 5% NaCl + 1% Sodium Carbonate
8 5% NaCl + 1% Sodium Silicate
9 5% NaCl + 57 Sodium Silicate
10 5% NaCl + 107 Sodium Silicate
11 5% NaCl + 5% Na2C03
12, 13, 14, 5% NaCl + 5% NaCl
15, 16 5% NaCl (Blocks made with 2%7 Ca(N02)2 by wt. of cement)
17, 18 5% NaCl + 3% Ca(N02)2 with 2%% Ca(N02)2 by wt. of cement)

Exposure to the solutions on block numbers 1 and 2 were
started December 19, 1977; 5 through 14 were started on December
21, 1977 and block numbers 15 through 18 on January 16, 1978.
When a block deteriorated to the point where it would no longer
hold the solutions, it was removed from the tests. For example,
block numbers 1, 3, 5, and 13 were removed on June 19, 1978. By
October 24, 1978, when the tests were stopped, only block numbers
3, 4, 8, 9, 10, 11, 15, 16, 17, and 18 were still holding solutions.

The following are half-cell (Ag-~AgCl) readings taken at the

end of the wet cycle. Figures shown are negative millivolts. To
convert Ag-AgCl to Cu/CuSO4, add -74 millivolts.
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DISCUSSION

Block Numbers 1 and 2 (5% NaCl + 0.1% Ca(OH)Z)

Tests were started on December 19, 1977. By April 24, 1978,
the blocks showed some rust spots and slight cracking. On June
19, 1978, block number 1 no longer held solution overnight and
was removed from the tests. On July 17, 1978, block number 2 no
longer held solution and was removed from the tests.

CONCLUSIONS:

The 0.1% Ca(OH)Z) in the 5% salt solution was not effective
in reducing corrosion. Metal loss was 3.1%.

Block Numbers 3 and 4 (5% NaCl + 3% Ca(NOz)z)

Tests started November 21, 1977. At the end of testing, a
slight leak had developed in block number 4 with some rust dis-
coloration. No cracking was observed. The surface of the blocks
showed a slight weathered appearance, possibly due to the wet and
dry cycles. Metal loss was &4.47%.

CONCLUSIONS:

Observed test results show the addition of 3% Ca(NO)2 to
the test solution did not reduce corrosion.

Block Numbers 5 and 6 (5% NaCl + Sat Ca(OH)z)

On June 19, 1977, block number 5 no longer held solution and
on July 24, 1977, block 6 no longer held solution.

CONCLUSIONS:

As in block numbers 1 and 2, the addition of saturated
Ca(OH), to the 5% NaCl solution was not effective in reducing
corrosion. Metal loss was 3.0% and 3.7%.
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Block Number 7 _ (5% NaCl + 1% N32803)

Block number 7 failed to hold test solution by June 7, 1977
and tests were discontinued.

CONCLUSIONS:

The 1% Na,CO_ was not effective in reducing corrosion. Metal

loss was 1.5%.

Block Numbers 8, 9, and 10 (5% NaCl+1%-5%-10% NaSiO3)

These blocks went through the complete test from November
21, 1977 to October 17, 1978 without leaking. At the end of the
test period, block number 8 showed two full length cracks over
the long steel; block number 9 was in good condition with no
cracks and block number 10 showed slight cracking.

CONCLUSIONS:

The 57 solution of sodium silicate appeared to have as bene-
ficial effect on both the cracking and keeping the half-voltage
lower than the other solutions. All of the solutions also showed
a tendency to seal the surface and make it somewhat resistant to
rewetting. Further study may be justified. Metal loss was 8.57,

1.1% and 3.07% respectively.

Block Number 11 (5% NaCl + 5% NaZCOB)

Block number 11 completed the test with moderate cracking

and no leaks.

CONCLUSIONS:

Metal loss was 4.07%. This was not considered effective for
field use.
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Block Numbers 12, 13 and 14 (5% NaCl only)

Block 13 was leaking by June 19 and removed from testing.
Block numbers 12 and 14 were leaking and removed from testing on
August 28, 1978.

CONCLUSIONS:

The metal loss was 5.7%, 3.8% and 6.3% respectively. These
blocks were for comparison standards only.

Block Numbers 15 and 16 (5% NaCl solution)

These blocks were cast with 2.5% Ca(N02)2 by weight of
cement. At the end of the test period, these blocks showed some

rust stains but no cracks.

CONCLUSIONS:

The metal loss was 2.2% and 2.17 respectively. Calcium
nitrite additive reduced corrosion.

Block Numbers 17 and 18 (5% NaCl + 3% Ca(NO,),

These blocks were cast with 2.5% Ca(NO,), by weight of
cement. At the end of the test period, they showed no stains or
cracks.

CONCLUSIONS:

Weight loss of the metal was 0.3% and 0.47. Calcium nitrite
additive reduced corrosion.
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RECOMMENDATIONS

With the small number of test specimens, the correlation of
half-cell readings, metal weight loss and block appearance is not
particularly obvious but taken together indicate that only the 5%
sodium silicate and the Ca(N02)2 added to the concrete mix show
any promise.

The sodium silicate suffers one of the same disadvantage as
lindseed o0il, that is, it takes repeated applications to be
effective. This leaves the calcium nitrite as a practical
substance in this test series showing effectiveness in reducing
steel corrosion in concrete.

It is not effective if only added to the deicing salt. It
must be an additive to the concrete itself.

At this time, a supplier of calcium nitrite recommends 27% to
4% be added to fresh concrete. It would appear that the higher
concentration (4%) would be more effective, if economically
feasible.
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