positions within the chamber may be regarded as es-
sentially identical.

3. The repeatability or accuracy of results between
runs appeared to require the use of control systems to
reduce the variability. With an effective control tech-
nique, the run-to-run variation could approach the
within-runs limits.

4, The correlation with the Brunswick 45° south sea-
coast test-fence results was generally good, but suffi-
cient distinct differences in correlation curves were ob-
served among different paint systems to make the use of
control systems advantageous for the detection and com-
putation of nonlinear correlations.

ACKNOWLEDGMENTS

My associate, David R. Hurst, was actively involved in
all phases of the work reported in this paper and con-
tributed significantly to both conception and implemen-
tation. Lewis Young patiently led us through the in-
tricacies of the design and analysis of experiments that
use statistical methods. At the time the work was con-
ducted (1971-1973), we were employed at the Georgia
Institute of Technology Engineering Experiment Station.
The work here reported was sponsored by the Georgia
Department of Transportation in cooperation with the
Federal Highway Administration. The contents of this
paper reflect my views only and do not necessarily re-
flect the views or policies of the Georgia Department of
Transportation or the Federal Highway Administration.

REFERENCES

1. H. A. Nelson.
on Wood and Metal Surfaces.
22, Pt. 2, 1922,

2, H. A. Nelson and F. C. Schmutz. Further Study of
Accelerated Weathering: Effect of Variation in
Exposure-Cycle Combinations on Common Types of
Varnishes. Proc., ASTM, Vol. 24, Pt. 2, 1924,

3. H. A. Nelsonand F. C. Schmutz. Accelerated
Weathering: A Consideration of Some Fundamentals
Governing Its Application. Industrial and Engineer-
ing Chemistry, Vol. 18, 1926, p. 1222.

4. H. A. Nelson, F. C. Schmutz, and D. L. Gamble.
Accelerated Weathering: Further Development of
Apparatus and Exposure Cycles. Proc., ASTM,
Vol. 26, Pt. 2, 1926.

5. H. A. Gardner and G. G. Sward. Physical and
Chemical Examination of Paints, Varnishes,
Lacquers, and Colors. ASTM, 1l1th Ed., Jan. 1950,
pp. 239-257.

Accelerated Weathering of Paints
Proc., ASTM, Vol.

23

6. ASTM E 42-64: Operating Light- and Water-
Exposure Apparatus (Carbon-Arc Type) for Arti-
ficial Weathering Test. ASTM, Standards, Pt. 30,
May 1965, pp. 262-269.

7. ASTM D 822-60: Operating Light- and Water-
Exposure Apparatus (Carbon-Arc Type) for Testing
Paint, Varnish, Lacquer, and Related Products.
ASTM, Standards, Pt. 21, Jan. 1965, pp. 161-163.

8. Evaluation of Various Weatherometers for Deter-
mining the Service Life of Organic Coating.
Cleveland-Dayton-Indianapolis-Cincinnati Society
for Paint Technology Official Digest, Vol. 34, No.
454, 1191, 1962.

9. L. Valentine. Limitations of Paint Testing. Jour-
nal of the Oil and Color Chemists Association, Sept.
1963, pp. 674-717.

10, H. W. Talen. The Requirements for the Prediction
of Paint Performance. Journal of the Qil and Color
Chemists Association, Nov. 1963, pp. 940-975.

11, R. M. Burns and W. W. Bradley. Organic Coatings
Performance and Evaluation, Protective Coatings
for Metals. American Chemical Society, Mono-
graph 163, 3rd Ed.; Reinhold, New York, 1967,

p. 499.

12, P. J. Gay. Accelerated Weathering of Paint and
Varnish Films. Journal of the Oil and Color Chem-
ists Association, Vol. 34, No. 368, 1951, pp. 43-77.

13. H. A. Gardner. Rapid Exposure Tests on Finishes.
Industrial and Engineering Chemistry, Analytical
Ed., Vol. 4, 1932, pp. 94-97.

14, R. I. Wray. Painting Magnesium Alloys. Indus-
trial and Engineering Chemistry, Vol. 33, 1941,

p. 932.

15. J. R. Rischbieth and K. R. Bussell, The Evalu-
ation of Priming Paints by Corrosion Tests. Jour-
nal of the Oil and Color Chemists Association,

Vol. 44, 1961, pp. 367-376.

16. J. D. Keane. Protective Coatings for Highway
Steel: Literature Survey. NCHRP, Rept. 74&, 1969

17. A Study of Highway Corrosion Problems and Metal-
Protective Coatings Systems. Engineering Experi-
ment Station, Georgia Institute of Technology, At-
lanta, July 1, 1971.

18. P. B. Mitton and R. L. Church. Measuring and
Minimizing the Variability in Evaluating Outdoor
Exposure Results. Journal of Paint Technology,
Vol. 39, No. 514, Nov. 1967,

Publication of this paper sponsored by Committee on Coatings, Signing,
and Marking Materials.

Measurement of Polarized Potentials

in Concrete Bridge Decks

H. J. Fromm, Research and Development Division, Ontario Ministry of Transportation

and Communications, Downsview

An investigation was conducted to determine the best method of mea-
suring the polarized potential of the reinforcing steel in a cathodically
protected bridge deck. The use of carbon rods and copper-copper sul-
fate and zinc-zinc sulfate half-cells as probes was studied in laboratory

slabs and bridge decks. The carbon probes were found to be more ac-
curate and reliable: the half-cells produced variable results. The coke
layer was found to act as a half-cell and its voltage had to be taken into
account when measuring the polarized potentials in the deck.
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The application of cathodic protection to concrete bridge
decks to mitigate the corrosion of the reinforcing steel
has been shown to be successful by the work of Stratfull
(1, 2) and of Fromm and Wilson (3,4). This type of ap-
plication, however, requires careful control of the po-
tential to which the reinforcing steel is lowered with
reference to the copper-copper sulfate (Cu-CuSOs4) half-
cell. For pipelines, the steel is protected if the poten-
tial is maintained at less than -0.85 V (5). For reinforc-
ing steel in concrete, the potential must not be lower
than -1.1 V. It has been claimed by Scott and Hausmann
(6, 7) that potentials lower than -1.1 V can cause disbond-
ing of the steel. It is thus necessary to be able to mea-
sure and control accurately the potentials induced on the
reinforcing steel.

Stratfull (2) has measured these potentials by placing
a Cu-CuSO4 half-cell on the nonconducting asphalt con-
crete surfacing and soaking the surfacing with a deter-
gent solution to obtain conduction. Fromm (3 4) has
made use of the unused anodes in the conductive layer
or placed special carbon probes in the conductive layer
to sense the potential, which was then measured at the
junction box. Others have tried to sense the potential
in a deck by using half-cells cast in the upper surface
of the concrete, but the results were confusing and could
not be interpreted.

The purpose of this investigation was to test the
method of using carbon probes and to further investigate
the use of half-cells as probes and controls for the
rectifier.

SURFACE MEASUREMENT OF
POTENTIAL

Three types of probes have been used by the Ontario
Ministry of Transportation and Communications to mea-
sure the potentials in bridge decks. On the first two
bridges tested (3, 4), high-silicon-content cast-iron
anodes were used to sense the potentials. Each anode
was connected to the junction box by a separate wire so
that each area could be measured separately. On the
next two bridges (3, 4), carbon rods set in the coke layer
were used to measure the potentials. Since that time,
square graphite rods, 50X50X150 mm (2X2X6

in) long, have been used to measure the potentials.
These graphite probes were embedded in the deck with
only the surface of the probe in contact with the coke.
1n all cases, the potentials were measured at the junc-
tion box to which the probes were connected by separate
wires.

The potential measurements made by using the anodes
and the carbon probes described above are reported as
being similar to those obtained by using a Cu-CuS0,
half-cell. Typical data are given in Table 1 (the sign
given before the voltage is that conventionally used in

Table 1. Comparison of voltage measurement methods: bridge 9.

Cu-CuS04 Half-Cell

Anode Potential (V) Potential (V)

Anode No. Power On Power Off Power On Power Off
1 -0.68 -0.67 -0.56 -0.56
4 -0.70 -0.70 -0.52 -0.52
6 -0.72 -0.71 -0.67 -0.56
9 -0.76 -0.75 -0.60 -0.59

11 -0.78 -0.77 -0.58 -0.58

14 -0.80 -0.79 -0.64 -0.63

16 -0.83 -0.82 -0.67 -0.65

19 -0.87 -0.85 -0.72 -0.69

21 -0.93 -0.86 -0.82 -0.73

Avg -0.79 -0.77 -0,63 -0.61

corrosion measurements and refers to the saturated
Cu-CuSO4 half-cell). This table shows the measurements
made on bridge 9, the first bridge to be protected. The
anodes were spaced along the length of the deck, 3.66 m
(12 ft) apart. Next to each anode, a hole 63 mm (2.5 in)
in diameter was cored through the surfacing to bare the
concrete deck, and a Cu-CuSO, half-cell was placed on
the concrete in each of the holes. The difference be-
tween the mean anode voltage and the mean Cu-CuSO,
half-cell voltage for the power-on columns is 0.16 V and
that for the power-off columns is also 0.16 V. This iden-
tical difference suggests that some other factor (such as
a voltage contribution due to the coke) may be involved.

DETERMINATION OF COKE
POTENTIAL

Coke similar to that used for the conductive mix on
bridge 9 was obtained, placed in a glass beaker, and
moistened with 1IN hydrochloric acid. A platinum con-
nector was immersed in the coke. A Cu-CuSO4 half-cell
was then pressed onto the coke, and the voltage between
the coke and the Cu-CuSO4 cell was measured by using a
100-MQ impedance voltmeter. This procedure was re-
peated using a zinc-zinc sulfate (Zn-ZnSOs) half-cell and
finally using a saturated calomel electrode. The results
obtained are given below:

Electrolytic Cell Potential (V)
Coke-H* || Cu*-CuSO4 0.31
Coke-H* || Zn*-ZnS0O4 1.43

Coke-H* || Saturated calomel 0.44

The half-cell potentials for the above half-cells
referenced to the standard hydrogen electrode (8) are
given below:

Half-Cell Potential (V)
Cu*-CuS0, +0.3402
Zn*-ZnS0, -0.7628
Saturated calomel +0.2415

According to. Potential (V)
Cu-CuSO,4 half-cell +0.65
Zn-ZnS0O, half-cell +0.67
Calomel electrode +0.68
Mean +0.67

If 1N sodium chloride solution is substituted for the 1N
acid, the results are almost identical.

If only tap water is used to moisten the coke, the
average carbon potential obtained by using the same
techniques is 0.44 V.

This carbon potential thus explains the higher poten-
tials obtained when the anodes are buried in the coke
compared with those obtained by using the Cu-CuSO4
half-cell on the concrete deck. The results shown in
Table 1 suggest an average carbon potential of +0.50 V.
This value is reasonable because the readings were taken
during the summer when most of the winter salt would
have been flushed out of the coke layer.

When the Cu-CuSO; half-cell was placed in contact
with the top of the coke layer on the bridge deck to read
the polarization of the deck, a somewhat higher potential
was obtained. Higher, that is, than if the cell had been
placed directly on the concrete deck surface. This po-
tential varied between 0.10 and 0.16 V and was due to the
contribution of the coke layer.



Figure 1. Arrangement of half-cells and carbon probes on
rebar: test specimen 1.
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MEASUREMENT OF BRIDGE-DECK
POTENTIALS BY USING HALF-CELLS

Half-cells for measuring rebar potentials were buried
below the surface of the concrete in four bridge decks.
Two types of cells were used—Zn-ZnS0Os and Cu-CuSOs.
The potential readings obtained by using these half-cells
were difficult to interpret and did not correlate with the
potentials sensed in the coke layer by electrodes or by
carbon probes.

Examples from two bridge decks that illustrate this
problem are given below.

Potential (V) .

Carbon Probe Cu-CuS0y4 Zn-ZnS0,4
Bridge in Coke in Deck in Deck
Medway Creek -1.15 -0.86 +0.62
Paint Lake (1) -0.95 -0.46 +0.45
Paint Lake (2) -0.95 -0.36 +0.51

To more fully understand the meaning of the voltage
readings and the variation of the readings, some con-
crete specimens containing half-cells and carbon probes
were cast in the laboratory.

Test Specimen 1

Test specimen 1 was a block of concrete 300x300%184
mm (12x12x%7.25 in) high that had a no. 6 rebar cast into
it 25 mm (1 in) above the bottom. A series of Cu-CuSOs
half-cells, a series of Zn-7ZnS0O, half-cells, and a series
of carbon button probes (slices of a dry-cell carbon elec-
trode) were arranged on plastic supports rising
vertically from the bar to the top of the block. This
arrangement is shown in Figure 1.

Before the block was cast, the rebar was covered
with a thin coating of grout, which was allowed to dry.
The first cell of each of the three series was placed in
contact with the grout (thus being set very close to the
rebar). The remaining five cells in each series were
arranged above this bottom cell, 256 mm apart. The top
cell in each series was just below the top surface of the
block. The carbon-probe series was positioned between
the Cu-CuSO4 and the Zn-ZnS0s half-cells. Each series
was separated from the adjoining one by 76 mm (3 in) on
centers and each was 76 mm in from the sides of the
block. The top of the block was covered with coke
breeze and power was applied to the block by connecting
the coke to the positive terminal of a rectifier and the
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rebar to the negative terminal.

The cells in each series were numbered consecu-
tively, no. 1 being closest to the rebar and no. 6 being
at the top of the block.

After the block had cured, a 1.5-V DC potential was
applied between the coke covering the block and the
rebar. After a few days, some of the cells and carbon
probes were found to be giving potential readings dif-
ferent from the others. The power was turned off, and
the block was allowed to discharge until there was no
further change in cell readings. (Before the block was
made, all half-cells had been tested and found to pro-
duce acceptable half-cell voltages).

When the potential readings were taken at equilibrium
between the rebar and the half-cells and carbon probes,
it was found that the no. 1 carbon probe had shorted to
the rebar and was therefore useless, and that one car-
bon probe, one Cu-CuSOa half-cell, and two Zn-ZnSO4
half-cells were producing different readings. Correc-
tion factors for these were computed so that their read-
ings could be used with the others.

Because all cells had been tested before use, it is
thought that the differences may have been due to small
local differences in composition of the conerete. This
does point out, however, that caution must be exer-
cised when relying on half-cells to control the potential
in a bridge deck and that backup cells should be installed.

After the half-cells in the block had been calibrated,
a 1.0-V DC potential was applied to the block. The
build-up of polarized voltage in the block was monitored
daily by taking potential readings between each half-cell
lead and the rebar and a Cu-CuSO4 half-cell reading be-
tween the surface coke and the rebar. The readings
were taken with the applied DC current turned off. On
the sixteenth day, the applied voltage was increased to
1.5 V and maintained at this level to the end of the test.
The results obtained are shown in Figure 2.

The specimen potential measured by a Cu-CuSO; half-
cell on the surface coke is shown in the lower curve of
Figure 2. The next curve shows the average potential
indicated by the six internal Cu-CuSQO4 half-cells. The
middle curve is the mean potential of the carbon probes
and the top curve is the mean potential of the Zn-ZnSOq
half-cells.

The first portion of these curves shows the equilibrium
potential as indicated by the four methods of measure-
ment. The specimen had previously been polarized and
then the current was removed and it was allowed to
settle to the condition as shown. On the seventh day, a
1.0-V potential was applied. At first, the polarization
overshot the new equilibrium value by about 0.1 V.
Equilibrium was achieved on the twelfth day and was
held until the sixteenth day. The applied voltage was
then increased to 1.5 V and, here again, there was a
small overshoot before equilibrium was achieved. In
the case of the polarized potential indicated by the
Zn-ZnSO4 half-cells, there was a continued slow de-
crease in value.

The polarization indicated by the Cu-CuSOs4 half-cell
on the surface of the coke was lower than that indicated
by the upper Cu-CuSO4 half-cells in the block. This was
due to the half-cell effect of the coke layer.

The mean voltages for the half-cells and probes at
equilibrium are given in Table 2, and the results are
shown in Figures 3, 4, and 5.

Figure 3 shows the potential gradient that existed
within the block when power was applied at both 1 and
1.5 V as indicated by the Cu=-CuSO4 half-cells. A defi-
nite potential gradient existed within the block, decreas-
ing as the rebar was approached., The polarized po-
tential measured by the Cu-CuSOs cells throughout the
block was the same because no current was being ap-
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Figure 2. Change of polarized voltage in test specimen with lvO[
time.
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Table 2. Mean polarized potentials in test specimen 1. Figure 3. Applied and polarized potential gradients: Cu-CuSO, half-cells.
Applied Potential (V) A
1.0V 1.5V
Type of Cell 1 ofF
Cell No." Power On Power Off Power On Power Off
0.9}
Cu-CuS04 1 -0.42 -0.40 -0.58 -0.52
2 -0.51 -0.43 -0.78 -0.57 0.8k
3° -0.51 -0.40 -0.81 -0.53 '
4 -0.55 -0.42 -0.90 -0.55 0.7k
5 -0.56 -0.40 -0.96 -0.55 )
6 -0.56 -0.38 -1.00 -0.52 0.6)
Zn-7ZnS0s 1" +0.76 +0.78 +0.50 +0.56
2 +0.57 +0.66 +0.29 +0.52 0.5
3 +0.55 +0.68 -° -t
4 +0.54 +0.68 +0.19 +0.56 o 0.4}
5 +0.57 +0.73 +0.19 +0.80 o
6 +0.58 +0.74 +0.16 +0.90 S 03
Carbon 1# o.2F
probe 2° -0.37 -0.19 -0.79 -0.32
3 -0.34 -0.18 -0.76 -0.34 01fk
4 -0.34 -0.23 -0.72 -0.35
5 -0.28 -0.92 -0.68 0,38 0,0h g 3 i 4 i . <
6 -0.35 -0.25 -0.66 -0.40 I 2 3 4 5 6
2No. 1 cells located at the rebar and no. 6 cells located at the top of the specimen, REBAR HALF CELL NUMBER COKE

byalues adjusted as per calibration.
©Half-cell failed.
dProbe shorted to rebar.

plied and no current was being drawn. The polarized
potential is shown here as the meter reading and not
with the sign reversed as is customary in corrosion
measurements. This was done to better illustrate the
potential gradient that existed when a positive voltage
was applied to the surface. Figure 4 shows the same
effect as indicated by the Zn-ZnSO4 half-cells.

The carbon probes (Figure 5) behaved in a way that
could not be explained. When power was applied at 1.0
V, they showed no gradient, and at 1.5 V, they showed
a reverse gradient. They did, however, indicate the
polarization level as expected.

The potential gradients shown in Figures 3 and 4 in-
dicate that, as the amount of cover of concrete over the
rebars increases, higher applied potentials will be
necessary to attain the desired polarization voltage.

Relationship Between Voltages Indicated
by Different Half-Cells

It is common practice to determine the polarized poten-
tial on pipelines and bridge decks by using the Cu-CuSO4
half-cell. The maximum and minimum limits placed
on the polarized potential for bridge decks have always
been stated as volts negative to this half-cell. When
other cells are used to sense the polarized potential in
the deck, it is necessary to change the values thus ob-
tained to values in terms of the Cu-CuSOs cell. It is
also normal practice to connect the measuring half-cell
to the positive terminal of the voltmeter and to report
the voltage as positive or negative with regard to this
alignment.

The relationship between the Cu-CuSO, voltage and
the other half-cell voltages is the following:

Veuwy = V) = Veueny - Vi )



where

Vewwy= Cu-CuSOs equilibrium reduction potential
+0.34 V),

Vxry= equilibrium reduction potential of half-cell
in question,

Veuon= polarized potential of the slab as measured
by the Cu-CuSO4 half-cell, and

Vxa= polarized potential of the slab as measured
by the half-cell in question.

Equation 1 can be rearranged as follows:
[Veuwy - Vxwyl + V) = Veumy (2)

which gives the voltage that a Cu-CuSOs half-cell would
read if used in place of the half-cell in question.

This method was tested on the polarized-potential
results obtained from test specimen 1; the procedure
is illustrated below.

Applied Potential (V)

Item 1.00 1.50

1. Cu-CuSOy4 cell 0.41 0.54
2. Zn-ZnS04 cell -0.69 -0.57
3. Carbon probe 0.22 0.35
Item 1 - item 3 0.19 0.19
Item 1 - item 2 1.10 1.1
Item 2 - item 3 ~-0.91 -0.92

Figure 4. Applied and polarized potential gradients: Zn-ZnSO, half-cells.
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(The signs used do not follow the usual corrosion con-
vention for signs. Here the polarized potential is shown
as +0.41 for the Cu-CuSO; half-cell. This is the value
as read on the meter. These values were used to be
consistent with the standard half-cell-reduction potential
values.) By using the half-cell potentials, we have

VCu(R) 'Vzn(k)=0.34+0‘76= 1.10V (1a)

and the Zn-ZnSO, half-cell reading of -0.69 V can be con-
verted to the equivalent Cu-CuSO4 half-cell reading by
using Equation 2.

1.10V+(-0.69) =0.41V (2a)

This is the same value as that measured by the
Cu-CuSO. half-cell (see table above). Similarly, the
Zn-7ZnSO4 half-cell value of -0.57 V is equivalent to 0.53
V for the corresponding Cu-CuSOs half-cell, which
agreed with the measured value of 0.54 V within experi-
mental error,

If a value shown in the table above for the Zn-ZnSOs is
subtracted from the corresponding value for the Cu-CuSO,
cell, the result should be the potential of the combined
electrolytic cell. These results (i.e., item 2 - item 1)
are the same as the theoretical results for the Cu-Zn cell
cell couple, i.e., 1.10 V. Similarly, the differences be-
tween items 1 and 3 and between items 2 and 3 of the
table above can be used to estimate the potential of the
carbon half-cell. The half-cell potential calculates to be
0.15 V. The result is considerably lower than the value
reported in the first part of this paper for carbon in a
solution of ions of unit activity. In the reinforced con-
crete slab, the carbon probe is surrounded by concrete
that contains a saturated solution of calcium hydroxide
(which is a weak electrolyte). This could account for the
much lower potential.

The procedure shown above can be used to convert the
potential shown by any half-cell, such as the Ag-AgCl
half-cell, to a value in terms of the Cu-CuSO; half-cell.
After the calculation is made, the sign for the equivalent
Cu-CuSO4 half-cell must be reversed to conform to the
conventional notation.

Cu-CuS0O4 and Zn-ZnSO4 half-cells were placed in
four bridge decks in slits cut in the deck and covered so
that they were about 25 mm below the surface. For the
most part, these cells produced readings that did not
agree with those given by voltage probes distributed
throughout the coke layer. Similar half-cells were used
to control the potential-controlled rectifiers used on
these bridges. The rectifiers were adjusted to produce
the desired voltage as sensed in the coke layer by the
probes. The actual readings of the half-cells were dis-
regarded. The curves shown in Figure 2 and the data
given in Table 2 confirm the validity of this approach.
The data for only one test specimen are reported here.
Several other specimens have been made and tested in
the laboratory; the results have been the similar.

DISCUSSION OF RESULTS

The results of this investigation have shown that an ac-
ceptable way to monitor the potential in a cathodically
protected bridge deck is to use voltage probes in the
coke layer. This investigation has also shown that the
coke and electrolyte act as a half-cell and that its poten-
tial must be taken into account when evaluating results.
Experience has shown that the voltage sensed in the coke
is 0.1 to 0.16 V higher than that sensed by a Cu-CuSO,
half-cell on the concrete deck surface. Therefore, the
minimum and maximum limits for the degree of polari-
zation required to give protection to the bridge deck steel
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must be changed accordingly. It was found (3) that cor-
rosion did not begin to occur in a bridge deck until the
polarized voltage had dropped to -0.55 V, which shows
that the recommended -0.85-V minimum (5) has a con-
siderable margin of safety built into it. As a result, the
minimum and maximum polarized voltages sensed by
carbon probes in the coke layer are recommended as
-0.80 and -1.25 V. These values still contain a safety
factor.

Half-cells buried in concrete are subject to failure or
erratic behavior. This was shown in test specimen 1 in
which the failure rate was quite high. Similarly, in
bridge decks, these cells showed variable results.
reason for this behavior is not known.

Some results have been obtained from the bridges
treated with cathodic protection that suggest that half-
cells located close to rebars tend to give higher readings
than those located farther away from the bars. This
result may appear to contradict that obtained in the
laboratory test specimen in which there was no potential
gradient when, with no current being applied, the polar-
ized potential was measured by several half-cells located
at different distances from the bar. This may be ex-
plained by the fact that the laboratory specimen was
electrically isolated and had no connection to ground, so
that the polarized voltage could not leak off. In the case
of a bridge deck, this is not the case. There is always
some connection through the concrete and rebars to
ground, so that the voltage can leak off, slowly or rap-
idly, and this will give rise to a potential gradient in the
deck. This effect could also be the cause of lower po-
larized potentials that have been measured on the under-
sides of bridge decks.

The use of a carbon probe in the coke and in contact
with the deck tends to average the potential and removes
the effect of the distance from a rebar. This averaging
effect is not found when a half-cell is buried in the con-
crete; this cell reads only the potential at that point.
Thus, the carbon probe in the coke is the preferred way
to determine the polarized potential.

The amount of power required to protect a bridge
deck will vary with the amount of cover over the rebars
and the electrical leakage from the deck. Higher
amounts of cover will require a higher applied voltage.

The

CONCLUSIONS

i. Carbon probes iocated in the coke iayer and in

contact with the deck provide a good method of measuring
the polarized potential on the reinforcing steel.

2. The moist coke layer acts as a half-cell and its
voltage must be taken into account when measuring the
polarized potential of deck rebars.

3. The recommended range of polarized potential
to provide protection to the reinforcing steel is -0.80 to
-1.25 V, when read by carbon probes located in the coke
layer and in contact with the concrete deck.

4. Half-cells buried in the deck and used as voltage
probes produce variable results and should be used
cautiously.

5. Various types of half-cells can be used to control
the potential-controlled rectifiers on bridges. Here the
rectifier must be set, not on the theoretical value of the
half-cell, but to the calibration that will provide the de-
sired potential on the deck steel.
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Methods of Determining Corrosion
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Several test methods were used to study the effectiveness of calcium
nitrite as a corrosion inhibitor in concrete. Measurements of open-circuit
potential and of polarization in concrete were found to be useful, pro-
vided the steel area studied was completely covered by concrete. Tests
in which limewater was used as a substitute for concrete yielded similar
results. Induced electrolysis was found to be misleading because of other
reactions that occurred. Tests on large stabs [1.8x0.6x0.15 m (6x2

x0.5 ft)] that were salted daily showed that calcium nitrite reduced
the corrosion susceptibility more than fourfold.

Corrosion is an electrochemical phenomenon (1). An
oxide coating does not form on iron in a dry atmosphere.





