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ABSTRACT

The Iowa Department of Transportation initiated this research
to evaluate the reliability, benefit and applicétion of the corro-
sion detection device. Through field testing prior to repairrpro—
jects and inspectidh at the time of repair, the device was shown
to be reliable.

With‘the reliability established, twelve additional devices
were purchased so that this evaluation procedure could be used
‘routinely on all repair projects. The corrosion detection device
was established as a means for determining concrete removal for
repair. Removal of the concrete down to the top reinforcing steel .
is required for all areas exhibiting electrical potentials greater
than 0.45 Volt.

It was determined that the corrosion detection device was
not appliéable to membrane testing.

The corrosion detection device has been used to evaluate cor-
rosion of reinforcing steel in continuocusly reinforced concrete

pavement.
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DETECTION OF STEEL CORROSION IN BRIDGE DECKS AND REINFORCED CONCRETE
PAVEMENT

INTRODUCTION

Bridge deck deterioration remains a major maintenance problem
for highway departments. The corrosion of the reinforéing steel
is considered to be the primary contributor to this prbblem,

The P.C. Concrete initially acts as an environment that pre-
vents corrosion of the reinforcing steel. This protection is
dependent upon the quality of the concrete. Deicing salts used
in winter maintenance introduce chlorides into the concrete and
destroy this initial protection. The chloride content sufficient
to permit steel cor?osion within the concréte is referred to as
the corrosion threshold. This corrosion threshold is depeﬁdenﬁ
on ﬁhe cement content of the concrete(1) and would be 1.4 1lb./cu.yd.
for concrete in Iowa bridge decks (710 1bs. of cement/cu.yd.). If
the chloride content of the concrete reaches this level, the pro-
tection has been destroyed and if sufficient moisture and oxygen
are present, corrosion will begin.

The rust formed by corrosion occupies considerably more volume
than the parent steel and this results in a force that exceeds the
strength of the concrete. This causes the concrete to crack hori-
zontally at the top steel and develop a delaﬁination. Wéter in-
filtration and subsequent freezing, along with the traffic, create
even greater pressures which cause spalling.

Iowa has developed a low slump, dense concreté bridge deck re-

surfacing method for restoration of these deteriorated decks. 'This

program began more than twelve years ago as a patching procedure.

It is now a nationally accepted method of bridge deck resurfacing.



In .the early use of Iowa's method of P.C. patching and deck
resurfacing, the only means for determining_the area of concrete
to be removed to the top reinforcing steel was by sounding. Using
a chain drag, hammer, or other tapping device, the delaminated area
was drawn on the surface to show the contractor the area for con-
crete,removal. The problem with this procedure was that delamination
énd spalling would occur later around the periphery éf the rembval
area.

In the fall of 1970, the Federal Highway Administration gave
a demonstration in Iowa of a corrosion detection device developed
in a California research project. From this demonstration, suffi~
cient interest was generated to initiate a research project in the
testing and application of the device.

PROBLEM | |

The problem was the application of the corrosion detection
device to répair procedures in Iowa. At the time of the FHWA
demonstration, the method had not been fully tested. ZIowa was
second on the demonstration visits out of-requésts from approxi-
mately 40 states., The device had not been fuily tested so the
demonstration team was gathering information along with demonstrat-
ing the technique.

The device is a non—destructive testing procedure that measures
the electrical potential between the steel reinforcing and the ad-
jacent concrete. Part of the application of the device is to be

able to correlate readings with known conditions of the steel.
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description of the separate‘components and the sources where the

Iowa D.0.T. has purchased them is given in Appendix A. Today‘s

approximate prices are also given.

Figure 1. The Components for the Corrosion Detection Device

. A High Quality Voltmeter

A Copper-Copper Sulfate Probe

. A 300 ft. Reel of Insulated Wire (Red)

. A 125 ft. Reel of Insulated Wire (Black)
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TEST PROCEDURﬁ

The test procedure adopted was essentially thelsame as that
of the FHWA demonstration team. The coppér rod suspended in the
saturated copper sulfate solution of the "half-cell" probe pro-
duces a constant potential that is electrically connected to oppose
the galvanic "half cell" of the bridge deck. This is done by con=-
necting one lead of the voltmeter to the reinforcing steel and the
other to the probe. Each location on the bridge is wetted to pro-
vide good electrical contact between the probe and surface. A de-
tailed procedure "Test Method No. Iowa 1008-A" is included in Ap-
pendix B, .In the original procedure, the connection to the rein-
forcing steel was normally made through.either the metal expansion
assembly or a bar chair under the deck. Experience has shown that
a poor connection between these and the mat of reinforcing steel
will yield erroneous readings. The présent recommended procedure
is to connect directly onto the reinforcing steel.

EVALUATION -

The device was developed by the State of California and much
of the subsequent evaluation has been by California. The resultant
potential from the corrosion detection device is a negative value,
but the potential is commonly used without notation of the minus.
Potentials in this report will be referred to as a numeric voltage
value and the minus sign will not be used. In studies by Californiaqz)
it has been shown that half-cell potential values greater than 0.35
volt to the copper;copper sulfate probe generally exhibit active

corrosion. Values between 0.30 and 0.35 Volt are inconclusive,but



values less than 0.30 volt show the steel to be passive of chemi-
cally inhibited from corrosion. These values do not measure the
amount of chleride that is present at the reinforcing stéel,but
only indicate if it is sgfficient to permit active corrosion.

To determine the reliability of the device, corrosion testing
was perfoimed on a numbér of bridge decks in Iowa that were scheduled
for repair. Electrical potential contours (Figure 3) were plotte&.
for some of these decks. After the concrete-ﬁemoval in preparation
for resurfacing, a visual observation of the corrosion of the rein-
forcing steel showed a relationship to corrosion readings.

In one caée, corrosion detection contours were laid out fox
a selected area on a bridge deck. At that time, there was essen-
tially no visible deterioration (Pigure 5) of the deck. There was,
however, one definable area where_corrosion detection readings were
éreater:than 0.45 volt. A visual inspection of this.same area one
year later showed considerable spalling (Figure 4). This furthér
supporté the relationship of the potential and active corrosion.

Bridge deck resurfacing in Iowa has been relati?ely:succeSSu
ful even prior to the ihtroduction of the corrosion detection de-
vice. Prior to 1974, evaluation of bridge decks being‘considered‘
for repair and the detefmination of the extent of the repair, were
based almost entirely on the amount of spalling and delamination
present. ' In 1974, corrosion detection readings were adapted to

be used with sounding methods to determine areas for concrete
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removal. It was decided that all areas exhibiting potential

values greatef than 0.45 volt should have the ooncrefe removed

down to the top reinforecing steel. This decision was based on

past repair experience and the conclusion that cracking and spalling
were eminent for these areas. This corrosion detection data was

to be bbtaingd for use in design of the repair, as welllés being
uged at the time of construction if all of the concrete above the
reinforcing steel was not removed. This criteria of 0.45 volt was
established and the method of incorporating it into a project has
been by a note on the plans. The plans note that the engineer shall
conduct a survey at the time of construction and all areas with
~potentials gréater than 0.45 volt shall bé included for Class A’
repaif. Class A repair requires removal of the concrete to below
the top reinforcing steel. The 0.45 value and the note on the

plans remain as present practice.

Twelve more corrosion detection devices were purchased to
implement‘this new program. A training program was initiated for
maintenance and construgtion personnel in the proper operation and
testing procedure. The field personnel, using the twelve units
purchased in 1974, have routinely conducted testing of the bridge
decks prior to design. They have also provided the testing réw
quire& at the time of éonstruction. The device has been adopted
as a reliable aid in locating deck areas needing repair.

This device is being used as one method of post construction

evaluation. A program of systematic testing of areas on certain

10



designated bridge decks Ehat have been repaired using the Iowa.
method of restoration is being conducted. Even after resuxfacing
with P.C. concrete, the device will yield wvoltage readings that
may be used to show areas of active corrosion.

The units have been used for more than six fears wiﬁh rela-
tively few problems. Some problems have been encountered in ob~-
taining a good connection to the reinforcing steel. Aﬁother pro-
blem has been in.proper maintenance of the copper-copper éulﬁate
probe. The copper sulfate solution must be saturated to yield
a standard potential. There s been at least one instance where.
a diluted solution gave erroneous results. fhere have been a num-
ber of cases where the external fiber tube of the probe had to be
replaced. This was due to breakage either from improper handling
or permitting the copper sulfate solutioﬁ to freeée. The volt—
meters are peribdieally checked and there has been one instance
where recalibration was necessary. These are generélly the only
problems encountered with the device.

It Qas determined that the principle of the corrosion detec-
tion device was not applicable to testing of membrane systeﬁs and,
therefore,‘it was never used for this purpose. A similar test was
developed on the basis of resistivity for the evaluation of membranes .

Highway Research Project HR~1004, “Corrosion of Steel in Con-
tinuously Reinforced Concrete Pavement" was conducted using the

device to determine if there was active corrosion. The research

11



was‘conduCted in 1974 on fourteen different Interstate‘pavement
projects. Readings were taken directly over a reinforcing bar at
transverse cracks and at midpoints between the transverse cracks.
Electrical potentials were considered on the‘basis of the 0.35 volt
criteria based uponﬂﬁé-california research, but it has not been
proven ﬁhét this value is applicable to pavement. This 1974 re-
search did not indicate a serious.corrosibn problem but results
did suggest that corrosion could become a concern of the future.
This project did demonstrate the usefulness of the corrosion de-
_téction device on continuous reinforced concrete pavement.
CQNCLUSIONS

The conclusionsrthat can be gainea ffom this research are:

1. 7The corrosion detection device is a reliable aid in
locating deck areas needing repair.

2. The reguirement for removal of areas showing a potential
numerically greater than 0.45 volt has improved the
bridge deck restoration program.

3. The corrosion detection device is relatively free of
maintenance.

4. The device is not applicable to the evaluation of mem-
© brane systems.

5. The device is useful as a technique- for evaluating con-
tinuously reinforced concrete. :

RECOMMENDAT IONS
It is recommended that research be conducted to evaluate the

resent condition of areas on bridge deck restoration projects

12



where the concrete was not removed and réadings were in the 0.35

to 0.45 volt range at the time 6f construcetion, This data should
be used to reevaluate the use of the 0.45 volt value and consider
the use of a 0.35 volt criteria that would require a greater amount

of concrete removal.
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Appendix A

Sources and Costs of Corrosion Detection Device Components
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SOURCES AND COST OF CORROSION DETE_CTION DEVICE COMPONENTS
Sources where the Iowa D.O.T. has obtained the 1nd1v1dual
components and today's approx1mate costs.

1. Voltmeter - Simpson Model 313
Approximate Price - $150.00
2. Collins Copper Copper-Sulfate reference electrode
Harco Corporation
4600 East 7lst Street
Cleveland, Ohio 45216
and
Agra Engineering
551 South Quaker Avenue
Tulsa, Oklahoma 74120
Approximate Price - $40.00
3. Reel w/300 ft. #18 Stranded Wire (red)
Approximate Price -~ $50.00
4. Reel w/1l25 ft. #18 Stranded Wire (black)
Approximate Price - $35.00
Agra Engineering

551 South Quaker Avenue
Tulsa, Oklahoma 74120
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Appendix B

. Method of Test for Determining the Corrosion Potential of Bridge

Deck Steel by the Electrical Potenﬁial Method
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Test Method No. Iowa lOOS—A
March 1977

10WA DEPARTMENT OF TRANSPORTATION

HIGHWAY DIVISION

office of Materials

METHOD CF TES? FOR DETERMINING THE CORROSION POTENTIAL
OF BRIDGE DECK STEEL BY THE ELECTRICAL POTENTIAL METHOD

Scoge

Corrosion of reinforcing steel is caused C.
by an electric current flowing from the

rebar at one point {the anode) into the

bar at another point (the cathode).

During active corrosion an electrical

{potential) difference exists between

the andode and the cathode.

When this electrical potential differ-
ence is -.35 volts or greater ({(-.40 or
~.50) there is a high probability that
active corrosion of the reinforcing
steel is occurring. The corresion
product (rusi) exerts tremendous forces
on the concrete resulting in spalls.

This test method describes the proce-~
dure to be used in determining the
corrosion level of reinforecing steel
in a concrete bridge deck when util-
izing a copper sulfate xeference
electrode (half cell).

?rocedure
A. Apparatus

1. vVolitmeter--Simpson Model 313-2
- Copper - copper sulfate probe
. Wire :
. Water#®, pail and squeeze bottle
Hammer and chisel

50* oxr 100' tape

Marking keel

Pata and layout sheet

WO ~1 G b Wi

+ » o

* (Wetting agent necessary in
water when using through D.
asphaltic concrete.)

8. Project Information

The following information should
be recorded on the data and layout
sheet. B8ee example on page 3.

1. Type and location of bridge

2. Design No.

3. Mailntenance No.

4. Date Tested and by whom

5. Layocut showing location of
each test point

6. Location where ground wire

. was attached to deck steel

7. Electrical potential readings

8. North arrow

9. Longitudinal dimensicon
required for skew

voltmeter Calibration

The foilowing steps must be completed
prior to initiating the test procedure,

L. with the circuit selector switch
to "OFF", ¢heck to see that the
pointer is set on the "Q" mark
at the left side of the scale.

If the pointer is not om "0,

set the pOLnter to "0" by turning
the screw in the center of the -
meter.

2. Check battery by setting circuit
selector switch to "BAT®®.
Pointer must be read to the right
of the "BATTERY OX" mark on meter

. fFace. ‘

3. Turn rxange switch to 1 (one} volt,

4, Turn the circuit selector aswitch
toe "4DC", connect the positive
lead and black wire from the meter
together and turn the knob marked
"ZEROY clockwise or counterclock-
wise until the pointer rests over -
the "0" mark at the left side of
the scale.

5. Connect positive lead from meter
to red wire connected to the probe,
and the black wire from meter to
the black wire connected to the
deck steel,

Test Procedure

. Lay out 4' x 4' grid pattern on
bridge deck. Be sure and measure
the test points very accurately,
since the test points may have to
be relocated at a later date.
Additional readings may be required
due to skew angles.

2. Wet each point to be read and allow
to soak a minimum of 10 to 15 min-
utes, .

3. Connect the black wire (ground) to
a steel expansion plate oxr drain
which is tied into the steel rein-
forcing mat of the decdk being



_ Test Method No. Iowa 1008-a Page 2

. copper—-sulfate needed for satura-

March 1977

tested. If this is not pos-
sible, connect onto the steel
support chairs located under
the bridge deck.

4. <¢heck to be sure that copper-
sulfate £ills the probe and
connect the red wire to the
probe.

5. Take readings by placing the
probe on the peint to be .
tested and reccrd each reading
on the data sheet.

The reading should be taken
after the needle stops fluct-
uating, .

CAUTION: Always let the
pointer-settle before taking
readings. If the pointer con-
tinues to waver, there may be

" a bad connection or. inter-
ference such as power lines in
the drea. The maximum reading
possible is .78 v, If a
reading above .78 v. is obhtained,
the meter is priobably not set
correctly,

Copper-Sulfate Solution

The copper-sulfate solution for
the proke is avallable through the
Materials Taboratory Receiving
Office, However, if field mixing
of the solution becomes necessgary,
copper-sulfate crystals or powder
can be obtained through chemical
supply stores. The test reguires
using a saturated copper-sulfate/
water solution. The amount of

tion varies with water tempera-

ture. Copper-sulfate must be . Figure 1
added with vigorous stirring until
a few crystals appear in the solu- Corrosion Detection Test

tion. The amount used should be
above 14% by weight of the amount
of water used. ’
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