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FOREWORD, .’

This report presents the finding of an outdoor Tong-term exposure study of
reinforced concrete slabs containing admixed calcium nitrite as a corrosion
inhibiting protective system. The tests were performed under conditions which
simulated those found in typical highway bridge decks and the results are
compared to those obtained on uncoated (black) steel. The concrete in the
slabs contained variable amounts of chloride ions admixed during mixing to
accelerate the initiation of the corrosion process. The report will be of
interest to corrosion/bridge engineers and designers of reinforced concrete
structures exposed to deicing salts or to a marine environmen
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NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United. States
Government assumes no 1iability for its contents or use thereof,

The contents of this report reflect the views of the authors, who are
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Department of
Transportation. This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manufacturers. Trade
or manufacturers' names appear herein only because they are considered
essential to the object of this report. '
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parameters. It was furnished in this condition by the sponsoring
agency and is the best copy available.
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gal gailons 3.785 litres L
ft? cublic feet 0.0328 metres cubed m’
yd* cublic yards 0.0765 metres cubed ' m?
NOTE: Volumes greater than 1000 L shall be shown in m*.
TEMPERATURE (exact)
°F Fahrenhelt 5/9 (after Celslus °C
temperature subtracting 32) temperature
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-40 0 |40 80 I 120 - 160 200,
-40 -20 0 20 100
°C 37 e 80 °C
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-INTRODUCTION AND BACKGROUND

Studying the effects of calcium nitrite and mix design on the long-term
corrosion resistance of black steel in chloride-contaminated concrete has shown
that the addition of calcium nitrite significantly improves the corrosion
inhibition properties.(l) On the other hand, recent research has shown that
the calcium nitrite as corrosion inhibiting admixture did not significantly
delay the initiation of corrosion as compared to control concrete specimens.(z)
The severity of subsequent corrosion (total amp-hours of corrosion current) in
black steel and strands, however, was significantly reduced compared to control
concrete specimens. In another study, calcium nitrite was compared with
calcium chloride as an accelerator for curing of the concrete mixtures.(3) The
study concluded that calcium nitrite significantly delayed the on-set of
corrosion of black steel reinforcement and subsequent concrete cracking. A
Louisiana Department of Transportation study concluded that calcium nitrite as
a corrosion inhibiting admixture is beneficial in protecting the black steel
reinforcing against corrosion in salt-contaminated concrete. (4)

In 1980, the Federal Highway Administration (FHWA) initiated an outdoor
research study using calcium nitrite as an admixture in salty concrete to
inhibit the corrosion of black steel reinforcing rebars.{5) 1In a comparison
series of test slabs, epoxy-coated rebars were used as another alternative
corrosion protection system. The Tong-term results on that system will be
reported separately at another time.

This report presents the long-term results from use of a calcium nitrite
admixture to inhibit the corrosion of black steel reinforcing bars in chloride
contaminated concrete. This research was motivated by the need for an
alternative corrosion protection system to mitigate the severe corrosion of
black reinforcing steel bars in marine and deicing salt environments.

The Tife of bridge decks and substructure are significantly reduced by the
corrosion of unprotected (black) steel. Inhibition of corrosion can be



achieved after the mechanism of corrosion and the factors affecting it are
understood. Recent research has helped to explain the corrosion phenomenon for
black steel rebars in salt-contaminated concrete when oxygen and water are
present in optimum quantities.(ﬁ)

It is generally accepted that the principal cause of corrosion is the
occurrence of macroscopic carrosion cells between the top and bottom mats of
rebars (those in which large quantities of steel drive corrosion at the anodic
steel). Microscobic cells which occur locally (those which operate on a small
section of the same reinforcing rebar) are less important. The corrosion cells
are developed due to the presence of chloride ions in the concrete, which
produce an electrical potential difference at the top mat (chloride-
contaminated concrete) and between the top and bottom mat (chloride free
concrete). This electrical potential difference at the top mat and between the
two mats produces the flow of an electrical (corrosion) current. The amount of
iron consumed in forming the various corrosion products is directly related to
this measured corrosion current. The corrosion rate is controlled by the ability
of the cathodic bottom mat to reduce oxygen while the anodic top mat is subject
to iron loss.

DESCRIPTION OF SPECIMENS

A total of 18 slabs were used in this test series. Five slabs with no calcium
nitrite were control specimens; designated as numbers 211 through 215. The
rest were test specimens designated as slabs numbers 216 through 228 and had
2.75 percent of calcium nitrite by weight of cement in both the top and bottom
lifts of concrete. Nominal chloride contents of Q, 5, 10, 15, 20, 25 and 35
pounds C17/yd3 were mixed in the top 1ift concrete of the calcium nitrite slabs
while the control slabs were fabricated with 0, 5, 15 and 35 pounds C1-/yd3.
The research design posed a severe corrosion environment since the chloride was
added directly to the fresh concrete, thus, complicating the reaction mechanism
for normal passivation of the steel by concrete and the nitrite ions. In
addition, the concrete quality (water-cement ratio of (0.53) was quite poor.




Each slab was 2 ft by 5 ft by 6 in thick and cast in two 1ifts. The lower 1ift
was 3.5 in thick and cast with chloride free concrete. The 2.5-in thick top
1ift contained varying amounts of admixed chloride ions and was cast 1 to 3
days after the lower 1ift. The upper 1ift was reinforced by a mat of rebars,
consisting of four Number 5 longitudinal bars 51 in long and two Number 4 cross
bars 18 in Tong, The lower mat consisted of seven Number 5 longitudinal bars,
51 in long, and three Number 4 cross bars 18 in long. The slab design

is shown in figure 1. A1l rebars met AASHTO specifications M-31., The clear
concrete cover over the top mat was 3/4 in and 1 in concrete cover below the
bottom mat, leaving a clear 2 in of concrete between the two mats.

The concrete in each slab had a mixing ratio of 1:1.76:2.36 for cement, fine
and coarse aggregates, by weight. Detailed properties of the concrete mix
design are shown in table 1. The fine aggregate was white marsh sand which has
a specific gravity of 2.64 and a fineness modulus of 2.6. The coarse aggregate
was riverton limestone which has a specific gravity of 2.77 and 3/4-in maximum
size, graded to the midpoint of the AASHTO M-43 size number 67 specification.
A1l coarse aggregates were separated into four sizes which were then batched
separately to ensure gradation control. The concrete was mixed in 9-ft3
batches in an 11-ft3 rotary drum mixer and placed in two 1ifts, The lower 1ift
was cured with wet burlap and then wire brushed prior to the placement of the
top 1ift, 1 to 3 days later., The top 1ift was also cured with wet burlap and
polyethylene for 14 days. The slabs were mounted on 3-ft posts at the FHWA
outdoor exposure site.

1

INSTRUMENTATION

No. 12 gauge stranded copper lead wires with teflon insulation were used to
connect the rebar mats to the switch box. The bars were attached as follows,
First, the ends of the bars were sand blasted, a 1-in-wide area on one side of
the bar was flattened, and a 1/4-in-diameter hole was drilled through the bar
to receive a 1/4-in bolt for fastening the lead wire to it. The attachment
area was then well coated with epoxy. Electric Teads were attached to all top
mat rebars and to two of the bottom mat rebars before the concrete was cast.



A11 lead wires were extended outside the concrete to facilitate the corrosion
measurement. The switch was kept at the on-position to maintain the electric
coupling at all times except when gathering data. Nine thermo-couples were
embedded in each slab for temperature monitoring. Figure 2 shows the front and
rear view of the instrumentation interface box attached to the wired slab.

TESTING PROCEDURES

After the slabs were cast and cured, the upper surface of all slabs (except
numbers 212 and 217) were ponded with a 3 percent sodium chloride solution
until the corrosion current developed in a control slab which was initially
chloride free. This ponding period was 46 days. After that time, the ponding
was discontinued and the slabs exposed to natural Washington D.C., Northern
Virginia area climatic conditions. Usually data was gathered twice a month in
the beginning, and later on, once a month. Data collection was usually
completed within a l-week peridd. Measurements were halted in case of rain and
resumed when the excess water on the slab evaporated and the surface appeared
dry. At the instrumentation box attached to the front of the slabs, the
following data was collected with the coupling switch at on-position {(bottom
and top mat connected) in the following sequence:

(a) Thermo~couple readings for monitoring the temperature.

(b) The voltage drop across a standard 0.5 ohm preéision resistor. This
measured voltage was then converted to actual amount of current flow

between the bottom and top mats.
The next set of slab readings were made with the switch at the off-position:

(¢c) The potential difference between the top and bottom rebar mats to measure
the driving voltage of the corrosion cell (measured instantly after the

switch is turned off).



(d) The electrical potential between the top mat and a copper/copper sulfate
(CSE) reference half-cell measured on the top concrete slab surface at

three marked positions.

(e) Same as (d) except that CSE reference half cell is placed at bottom of
concrete slab surface for measuring bottom mat electrical potentijal.

(f) The electrical resistance between top and bottom mats using a 1000 Hz

AC meter.

The corrasion current measurement (b) was completed first (switch 'on') since
uncoupling (switch 'off') causes rapid depolarization of corrosion cells,
yielding 1inaccurate current flow readings. Once depolarization occurs, it
takes a wiile to restore a steady - state polarization condition. Measurements
(c) were: taken instantly after uncoupling followed by measurements (d) and
(e).

DISCUSSION AND INTERPRETATION

The appendix contains the details for calculation and presentation of the
measured data over a 7-year testing period for one typical reinforced concrete
slab. For each tested slab, there are three typical tables 8, 9, and 10 and
four figures 5, 6, 7 and 8 for visual inspection of the data.

CORROSION CURRENTS

Table 2 summarizes the corrosion data for the 18 instrumented slabs under
test. Details un the properties of concrete for individual slabs and
fabrication details are given elsewhere.(5) Table 3 contains the average
weighted 70 °F corrosion currents for four control slabs (211, 213, 214 and
215 without calcium nitrite} and the average measured chloride content at the
top rebar mat level. Besides this the table has additional data from two
other control slabs (designated as 202 and 234) which had been fabricated for
an epoxy coated rebar study, They had black steel top and bottom mats; no



calcium nitrite and contained 15.6 1bs C1-/yd3 of concrete. Figure 3 shows a
plot of this data with a least square. fit line. The least-square fit line
gave this equation: '

Corrosion current (in ALA) = 277 {C1~ content in Tbs/yd3 -1.44)

Also shown in figure 3 are the true weighted average corrosion current data for
the calcium nitrite slabs versus average chloride content at top rebar mat.

Table 4 includes the derived corrosion currents from least square fit line in
figure 3 for the slabs without calcium nitrite and compares it with the

measured corrosion current data for slabs with calcium nitrite and known
chloride content. The weighted average corrosion currents listed in tables 2, ..
3, and 4 were calculated by the following equation:

‘ ‘ 3 total cumulative amp. hr 106 ALA
Weighted average corrosion current ( inAMA) = -=-------comocmmmmomom o X —===mm—eee
: B total days x 24 hr 1 amp
. 1 day . .

Previous research on black steel rebars without calcium nitrite has shown that
a strong macroscopic corrosion cell will develop. between the top mat of rein-
forcing steel in chloride contaminated concrete and the bottom mat of steel in
chloride-free concrete, The data in table 4 and figure 3 show that black
steel reinforced concrete slabs containing up to 2.75 percent calcium nitrite
at top mat has developed a varyingvstrength macroscopic corrosion cell

between the top and bottom mats, depending upon the amount of chloride ions at .
the top mat rebar level. Qualitatively, it appears that the rate of corrosion
(as measured by the corrosion current value) increases as the ratio of
chloride to nitrite increases. This trend is observed for slabs 216 through
228 with some exceptions. The anomalous results on a few. slabs may be due to
the debonding of bottom and top concrete 1ift and excessive corrosion
associated concrete cracking at the top slab surface. On reviewing the
corrosion current data in table 4, it appears that for chloride to nitrite
ratios ranging between 0.29 to 1.11, reductions in the corrosijon rate by an
approximate factor of 10 is achieved. In other words, it would require 10
years to consume the same amount of iron as is consumed in 1 year by
reinforced concrete slabs without calcium nitrite. Moreover, table 4 shows




that chloride to nitrite ratio above 1.11 provides a reduction in corrosion
rate by a factor of 2 only. Therefore, for calcium nitrite to be effective as
corrosion inhibitor {based on corrosion current data only), the ratio of
chloride to nitrite should be c¢lose to 1.1 or less. The use of calcium
nitrite as a corresion inhibitor for a C17/NO; ratic greater than 1 dces not
appear to be significantly beneficial.

HALF CELL POTENTIALS

Table 5 contains the summary of the data on half cell potentials (measured
with reference to CSE half cell) for the top and bottom reinforcing mat. The
last column in table 5 1ists the average potential differences between the two
mats. In general, slabs 216 to 221 with C17/Noy ratio less than 1, have smal-
ler potential differences between the two mats and ranges from a Tow of a few
m to a high of 35 mv. In contrast, slabs 211, 213, and 214 containing no
calcium nitrite but having similar amounts of chloride to slabs 216 to 221
have larger average potential differences between the top and bottom mats, in-
dicating more corrosion. Slabs 224 to 228 with a C17/Nop ratio greater than
1.1, have potential differences in the range of -52mv to -149 mv. These
higher potential diffehénces values are indicative of larger corrosion macro-
cell compared to the slabs with a €17/Noy ratio less than 1. The potential
difference values between the two reinforcing mats is approximéte1y
proportional to the strength of galvanic cells formed due to differential
chloride concentration in two 1ifts and is somewhat analogous to the driving
voltage values reported in table 2. 1t is incorrect to interpret the absolute
measured half cell potential values for the top mat (embedded in chloride
contaminated concrete) and the bottom mat (embedded in salt free concrete)
according to ASTM C 876-80 standard, since both the mats are polarized
{coupled)} until the measurement time. The half cell potential values for cor-
rosion, uncertain condition, and no corrosion as quoted in the ASTM C 876-80
standard can not be fully correlated with the measured values in table 5.
However, it is quite apparent from the half cell potential difference data



between the two mats that calcium nitrite is an effective corrosion inhibitor
for a C17/No2 ratio of 1 or less in the hardened concrete,

RESISTIVITY MEASUREMENTS

A review of the data in table 6 reveals a wide scatter of average concrete
resistivity values for the perjod 1980 to 1986 among different slabs with no
significant differences between the slabs containing calcium nitrite and the
control slabs. It is also apparent that neither calcium nitrite nor chloride
contents have significant influence on the resistivity values. For most of
the slabs, there is an increase in resistivity valuss for the year 1986 as
compared with the 1980 values. This increase in resistivity values with the
passage of time may be due to: (1) drying up of interior concrete (since the
measured resistance is for the interior concrete); (2) accumulation of cor-
rosion by-products in a few slabs with high chloride content; and (3) partial
debonding between the two 1ifts due to construction deficiencies at the time
of slab fabrication or thereafter. For slabs 212 and 228, there was a marked
increase in the resistivity, up to 10 fold; indicating that these two slabs
have been debonded. This debonding affects most of the nondestructive
measurements such as driving voltage, corrosion current, and average
potential differences between the top and bottom mats.

VISUAL SURVEY

" The condition of the slabs photographed in June 87 is shown in figure 4 and a

sumnary of the visual survey data is presented in table 7. From the table, it
~is apparent that the slabs containing chloride in the range of 6.9 to 23.3 1bs
C17/yd3 but no calcium nitrite have developed significant cracking (slabs 213,
214, 215, 202 and 234) and the rust products are leaching out of those cracks.

. On the other hand, the slabs with varying chloride levels and containing fixed
levels of calcium nitrite (up to a C17/Nop ratio of 0.90) did not show any
visible c¢racking or rust spots on the concrete surface (slabs 2156 to 221 except
slab 218). These slabs had chloride concentrations up to 11.7 Tbs C1~/yd3



of concrete. Slab 222,which contained 13.4 1bs C1-/yd3 (C]'/Nag = 1,06),

had a few fine cracks and two rust spots. Similarly slab 223 containing C17/No2
ratio of 1.13 has a moderate number of cracks and the rust is coming out of
these cracks. For slabs 224 to 228 with a C17/Nop ratio of 1.30 to 1.79,

there are a large number of wide cracks and major rusting.

It is quite apparent that calcium nitrite is passive toward black reinforcing
steel up to a C]‘/Naé ratio of 0.90. The passive film breaks down when this
ratio exceeds 0.90.

CONCLUSIONS

The testing of 18 reinforced concrete slabs for 7 years to determine the
effectiveness of calcium nitrite as a corrosion inhibiting admixture has led to
the following conclusions.  These conclusions are based on the periodic non-
destructive measurements for corrosion current, half cell potential, driving
voltage, and resistivity in addition to a visual survey at the end of the 7
years.

1. In general, the nondestructive corrosion measurement techniques and the
collected data correlate well with the visual survey of the concrete slabs
under test. The nondestructive techniques described earlier and in this
report offer a useful approach in monitoring the effectiveness of various
corrosion inhibiting admixtures and other additives when chloride
contaminated concrete may not show any visible distress or rust on the
surface at an early age.(5)

2. The magnitude of corrosion current flow between the mats in salt contami-
nated concrete and salt-free concrete, measured periodically, can be used
semiquantitatively to monitor the performance of corrosion protection
materials. Other measured parameters such as driving voltage, half-cell
potential, and concrete resistivity are additional useful data for proper
interpretation of the corrosion current flow data.



3. The use of calcium nitrite was effective in reducing the rate of corrosion
for black reinforcing steel embedded in poor quality salt contaminated
concrete up to a C17/Nop ratio of 0.9. This conclusion is based on both
periodic nondestructive data collected over 7 years and a visual survey of
the slabs. Although the slabs fabricated with a higher C1'/N5} ratio (up
to 1.11) indicated that. there is a reduction-in corrosion current flow by a
factor of 10, the visual survey showed scme cracking and rust spots on the
concrete surface. The slabs with a C17/Nop ratio from 1.3 to 1.8 showed
an average reduction in the corrosion current by a factor of 2.7, but did
have cracks and major rusting out of cracks as well as on the surrounding
concrete surface. In addition, there are some hollow and spalled areas
present on these slabs (224 to 228).

4. Calcium nitrite appears to be effective because it does not allow a large
electrical potential difference to develop between adjoining steel in the
top mat or between top and bottom mats. In the absence of calcium
nitrite, there would be cathodic and anodic areas which would allow the
generation of corrosion current and dissolution of iron from the top mat
in chloride contaminated concrete.

RECOMMENDATION

Calcium nitrite, if chosen as the corrosion protection system, should be added
in sufficient quantities to the fresh concrete to provide a C17/Nos ratio of
less than 1 at the steel level closest to the exposed concrete surface during
the expected design life of the structure. The above chloride level is the
expected accumulative value attained at the steel level due to the exposure of
the concrete surface to deicer application or marine exposure. This recom-

- mendation is based on the results from the limited number of slabs tested in
this study where most of the chloride ions were added along with nitrite ions
at the time of construction. Here both the jons were engaged simultaneously
in complicated competing reactions; corrosion versus passivation at the
reinforcing steel surface. It is reasonable to assume that,for a normal
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situation when chloride ions .are penetrating more slowly into hardened
concrete, C]'/NEZ ratios higher than 1.0 might be tolerable without undue
corrosion.

There is a need for a detailed research study to determine the long-term
stability and availability of sufficient nitrite ions since they are required
only when the chloride ions have penetrated through the hardened concrete
surface and started corroding the reinforcing steel. Studies have indicated
that this period for accumulation of sufficient chloride ions {(above threshold
level for corrosion initiation) through 2 in of good quality concrete cover
may be 7 to 12 years. On the other. hand, poor quality concrete.can accumulate
adequate chloride (1.25 1bs c1/yd3) at 1 in depth through 7 deicing salt
app]ications.(g)
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APPENDIX
METHOD OF ANALYSIS
Table 8: Corrosion Current and Iron Consumed
1st column: Represents the number of days the slab has been coupled
2nd column: Represents the measured driving voltage

3rd column: Represents the actual current between top and bottom mats for that
particular day

4th column: Represents the current in column three adjusted to 70 °F temperature
according to the following equation:

i1 = i
2883 (1 -1)
e Tl Tz
where:
i] = corrosion current calculated at temperature T1{70 °F)
ip = corrosion current measured at temperature Tp (Field)
Ty = temperature (in degrees Kelvin) at which one desires to
know the corrosion current or resistance (70 °F)
- T2 = average temperature of the concrete (in degrees Kelvin)
e = natural base of logarithm

5th column: Represents the electrical resistance between top and bottom mats
provided by the concrete and adjusted to 70 °F temperature according
to the following formula:

1 T2

where:
Ry = resistance calculated at temperature Ty(70 °F)

Ro = resistance measured at temperature Tp(Field)

12



6th column:

7th column:

0.10 +

8th column:

Represents the average temperature of the slab

Represents the cumulative current in amp-hours since the

coupling of the slab up to the date of the reading. For example,
consider table for slab # 219-419, the cumulative amp-hours
current at 576 days coupled was calculated as follows:

(adj. cur. to 70 °F) + 96 {adj. cur. to 70 °) AA

- o - T o T v W W AR W TV 3 YT T Smm r W D e e e e - -

(576-554) days x 24 hr, x 1 Amp. = 0.10 Amp-hours
day 106 A

4

3.51 (cumul, amp-hours @ 554 days coupled) = 3,61 Amp-hours

Represents the theoretical amount of iron consumed due to corrosion
current adjusted to 70 °F, These values are obtained by multiplying
the cummulative amp-hours in co1umn seven by a factor of

1,04 gms/amp-hour,

e.g. iron consumed for 576 days coupled = 3.61 amp-hours x 1.04 gms

amp-hours

3.75 gms.

Table 9: Electrical Potentials

1st column:

2nd column:

3rd column:
4th column:

5th column:

Represents number of days the slab has been coupled

Represents the potential of embedded rate of corrosion probe in
millivolts (none was installed in slab 219-419)

Represents the top mat potential reading in millivolts at location 1
Represents the top mat potential reading in millivolts at location 2

Represents the top mat potential reading in millivolts at location 3

B BTN TS 4 TE TN L L e L R Dl P BT ot B Gk  OE G o L T e e T e -

Slab plan view (locations of potential reading)
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6th column: Represents the arithmetic average for the three top mat potential

Columns 7 through 9: The bottoin mat potential readings at locations 1, 2, and 3
respectively at the bottom concrete surface of the slab

10th column: . Represents the arithmetic-average of the three bottom mat potential
‘ readings

11th column: Represents the difference between top and bottom mat potential and is
obtained by subtracting the value of the bottom mat average potential
from the top mat average potential

TABLE 10: Resistance and Resistivity

ist column: Represents the measurement date

2nd coijumn: Represents the number of days the slab has been coupled

3rd column: Represents the mat-to-mat resistance measured and later adjusted to
70 °F (as explained earlier for 5th column in table 8)

4th column: Represents the percent change in mat-to-mat resistance since the
initial reading., It is calculated as follows:

mat-mat R 70 °F - initial R 70 °F

Change in mat-to-mat percent = Thitial & 70 °F

x 100

Resistivity constant: Experimentally determined cell constant for the total
reinforcing steel in the slab design.

Resistivity: Mat~to-mat R 70 °F x cell constant; ohms-cm

14
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Figure 4. <Condition of slabs 211 thru 228 @ 2429 days coupled (June.1987).
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Figure 4. Condition of slabs 211 thru 228 @ 2429 days coupled (June.1987). (Continued)
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SLAB NO. 219-419
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Figure 8. Average top mat, bottom mat and difference potentials vs days coupled.
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Table 1. Concrete mixture design.l’ 2

Cement 7.0 sacks/yd3
Water to Cement Ratio 0.53

Fine Aggregate 1160 Tbs/yd3
Coarse Aggregate 1550 1bs/yd3
Darex AEA 290 m1/yd3
Unit Weight 138 1b/ft3
Air Content 7+1.5 percent

Slump 2.0 to 3.0 in

1 Made in 9~ft3 batches.

2 Calcium nitrite slabs contain 18.09 1bs of calcium nitrite dissolved
in 43,2 1bs of water, This amount is subtracted from the total water
added in the concrete mixture.

Conversions
1lin = 25.4mm
1 ft3 = 0.028m3
1 sack/yd3 = 94 1bs/yd3 = 56.4 Kg/m3
1 1b/yd3 = 0.6 Kg/m3
1 ml/yd3 = 1.3 ml/m3 -
1 10/¢t3 = 16.02kg/m3
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Table 2. Calcium nitrite and control slabs (b]ack steei) @ 2429 days coupled.

Weighted
Avg. Avg. 70 °F  Avg. 70 °F Avg. 70 °F 70 °F Iron

2.75% 1bs. €17/Yd3 Driving Corrosion Corrosion Mat-to-Mat Consumed

Calcium in Hardened Voltage Current Current Resistance
Slab No. Nitrite Concrete - mV AA ACA ohms grams
(A) Ponded Slabs
211 No 3.6 7 275 376 16.3 22.82
216 Yes 3.7 0 2 2 , 11.2 0.09
213 No 7.9 34 1984 2296 13.3 139.19
214 No 6.9 36 2036 2050 13.2 124.28
218* Yes 8.4 3 - 145 - 231 12.4 14.02
219 Yes 8.4 2 88 115 11.0 6.97
220 Yes 11.7 3 95 112 12.4 6.77
221 Yes 10.9 3 115 113 12.3 6.87
222 Yes 13.4 6 241 216 15.3 13.11
223*%* Yes 14.3 27 444 476 59.1 28.85
224 Yes 16.7 25 1173 1152 14.6 69.86
225 Yes 16.3 41 2187 2117 13.0 128.34
226 Yes 16.8 40 2566 2591 11.0 157.07
227 Yes 20.2 31 1912 1877 10.9 113.83
215%%* No 23.3 51 2865 3566 13.5 216.23
228%* % Yes 22.6 58 2034 1663 63.5 100.84
(B) Slabs Not Ponded
212%* No 0 . 0 ' 6 7 133 0.42
217 Yes 0 - -0 0 -0.0 13.0 0.0
* Slab may have contained non detectable surface cracks (over rebar) before ponding.

k% Resistance measurements indicate these slabs are at least partially debonded between
the top and bottom 1ifts.

*** This slab is severely cracked

**x%* This slab is debonded between the top and bottom 1ifts and also severely cracked.
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Table 3. Summary of corrosion currents-control (black -steel)
: slabs @ 2429 days coupled.

Avg. C1™ At Top rebar level - Weighted Avg. 70 °F
Contro] Slab No. 1bs C1-/Yd3 Corrosion Current, AxA
211 3.6 o 376
213, 214 7.5 = 2173
202, 234 15.6 N 3652
215% 23.3 3566

* This slab is severely cracked; hence the data for th1s slab has not been
plotted in figure 3.
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Table 4. Summary of corrosion currents - nitrite slabs vs.
control (black steel) slabs @ 2429 days coupled.

: Avg. C1™ At~ ' Weighted Avg. 70 °F Ratio of Currents for
Nitrite Top Rebar Level Theo. C1 ~ to Corrosion CurrentMA No Nitrite/Nitrite
Slabs ~ 1bs C17/yd3* N7 Ratio*+
v Nitrite Slabs No Nitrite Slab***

216 7 3.7 7 0.29 2.0 625 312 tol

218, 219 8.4 0.67 173 1926 11.1 to 1

220, 221 11.4 ' 0.90 112 2759 24.6 to 1

222, 223%*x* 14.0 | | 1.11 346 3479 10.1 to 1

224, 225 16.4 1.30 1635 4144 ‘ 2.5 to 1

226, 2217 18.5 1.47 2234 4726 2.1 to 1

228*** % 22.6 1.79 1663 5861 3.5 to 1
* Experimental measured Values of Av. C1~ are from table 6.(5)
e Values of C1~ to No» ratio are from table 9.(5? The nitrite ions are

derived from the calcium nitrite admixed in the fresh concrete.
***  Values for weighted average corrosion current for slabs without nitrite were
obtained using the least square-fit line in figure 3.
*x** Resistance measurements indicate that these slabs are partially debonded between the
top and bottom 1ifts. Also slab 228 is severely cracked and, hence, the measured weighted -
average corrosion current value may not be accurate. '
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Table 5. Average electrical half Cell (black steel slabs) potentials.

Avg. Electrical Potential

mV, CSE Avg. Potential
Slab No. Variable* Top Mat Bottom Mat Difference, mvy
211 No calcium nitrite; -111 - -76 -35
3.6 1bs C17/Yd3
212 No calcium nitrite; no -154 -38 ' -116
chloride; no ponding .
213 No calcium nitrite; -219 -145 -74
7.9 1bs €17/vd3 o
214 No calcium nitrite; -300 -156 -144
6.9 1bs C1-/vd3
215 No calcium nitirite; -393 -289 , ~-104
23.3 1bs C17/vYd3 |
216 2.75% calcium pitrite; -105 -106 +1
3.7 1bs C1-/vd3 _ '
217 2.75% calcium nitrite; -117 -96 -21
no chloride; no ponding 7
218 2.75% calcium nitrite; -185 -174 7 -11
8.4 1bs C1-/vd3 ‘ ' ' ' .
219 2.75% calcium nitrite; -174 -191 +17
8.4 1bs C17/vd3
220 2.75% calcium nitrite; -215 -180 =35

11.7 1bs C1-/vd3
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Table 5. Average electrical half cell (black steel slabs) potentials (continued).

W D D D D D D - R > e W W S E P W U J% W R L e E E P AR e e e S D G D B S M e e e S WP D A D el S R R A e A D D D G A D D = . -

Avg. Electrical Potential

mV, CSE Avg. Potential
Slab No. Variable* Top Mat Bottom Mat Difference, mV
221  2.75% calcium njtrite; -181 © =189 +8
o 10.9 1bs C17/Yd3
222 2.75% calcium nitrite; a =297 -245 ) -52
13.4 1bs C17/¥d3
223 2.75% calcium nitrite; -369 . =220 -149
14.3 1bs C1-/Yd3 . : ‘
224  2.75% calcium nitrite; -370 " -284 -86
16.7 1bs C1-/Yd3
225 ‘ 2.75% calcium nitrite; =406 - =285 =121
16.3 1bs C1-/Yd3
226 2.75% calcium nitrite; o -408 | =297 -111
-~ 16.8 1bs C1~/Yd3 - :
227 2.75% calcium nitrite; -418 -291 -127
20.2 1bs C17/Yd3
228 2.75% calcium nitrite; -411 -300 -111

22.6 1bs C1/Yd3

* Measured average chloride values between 1/2 - 2-in depth from the top surface
of the slabs. This chloride was either added during the mixing of the top lift
concrete and/or upper concrete slab surface was ponded with 3 percent salt solution.
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Table 6. Average resistance and resistivity.

Average 70 °F Average
T _ : : MAT-to-MAT . ‘Resistivity

Slab No. Variable* - . Measurement Period Resistance, ohms ohms-Cm

211 No calcium nitrite; year 1980 10.06 7103

3.6 lbs C17/Yd3 1983 16.84 11890

. 1986 20.84 14715

" 80 thru 86 16.30 11509

212%* No calcium nitrite; no year 1980 23.36 16494

chloride; no ponding 1983 111.6 78828

© 1986 209.2 147695

80 thru 86 133.2 94037

213 No calcium nitrite; year 1980 10.20 7203

7.9 1bs C1-/vd3 ' 1983 : 14.37 - 8946

1986 13.80 9744

. 80 thru 86 13.31 - 9399

214 No calcium nitrite; year 1980 o 10.84 7654

6.9 1bs C1-/vd3 1983 15.30 10803

1986 12.45 9078

80 thru 86 : 13.21 9327

215 No calcium nitrite; year 1980 9.11 6432

23.3 1bs C1°/Yd3- 1983 : 11.53 : 8141

' 1986 o 17.65 12462

80 thru 86 ' 13.46 9584

216 2.75% calcium nitrite; year 1980 7.14 : 5042

3.7 1bs C1~/vd3 © 1983 11.44 8078

1986 : 13.91 - 9821

80 thru 86 : 11.20 7909

217 2.75% calcium nitrite; year 1980 : 8.56 _ 6044

no chloride; no ponding- 1983 11.85 8368

© 1986 C 16.61 : 11728

80 thru 86 : 12.97 9158

218 2.75% calcium nitrite; year 1980 8.10 5719

8.4 1bs C17/vd3 1983 , 12,71 8975

1986 16.04 11326

80 thru 86 13.06 9222

219 2.75% calcium nitrite; year 1980 7.10 5012

8.4 1bs C1-/vd3 1983 10.73 7575

o . . 1986 - .13.51 ) 9538

80 thru 86 10.97 7745



Table 6. Average Resistance and Resistivity (continued).
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Average 70 °F ‘ Average
. MAT-to-MAT Resistivity
Slab No Variable* Measurement Period Resistance, ohms ohms-Cm
220 2.75% calcium nitrite; year 1980 7.80 5507
11.7 1bs C1-/vd3 1983 12.28 8671
1986 15.47 10923
80 thru 86 12.36 8728
221 2.75% calcium nitrite; year 1980 7.71 5444
10.9 1bs Cl'/Yd3 1983 12.07 8522
1986 16.10 11368
80 thru 86 12.32 8699
222 2.75% calcium nitrite; year 1980 8.86 6256
13.4 1bs C1-/vd3 1983 14.70 10379
1986 20.73 14637
80 thru 86 18.11 12787
223%* 2.75% calcium nitrite; year 1980 27.01 19072
14.3 1bs C1-/Yd3 1983 84.96 59989
1986 29.98 21169
80 thru 86 58.37 41214
224 2.75% calcium nitrite; year 1980 10.39 7336
16.7 1bs C1-/Yd3 1983 15.57 10994
: 1986 15.47 10924
80 thru 86 14.83 10471
225 2.75% calctium nitrite; year 1980 10.39 7336
16.3 1bs C1-/vd3 1983 15.05 10626
: : 1986 11.74 8290
80 thru 86 14.51 10245
226 2.75% calcium nitrite; year 1980 7.90 5578
16.8 1bs Cl'/Yd3 1983 12.44 8784
1986 11.19 7901
80 thru 86 11.02 7781
227 2.75% calcium nitrite; year 1980 7.63 5387
20.2 1bs C1-/vd3 1983 12.11 8551
1986 10.74 7584
80 thru 86 11.05 7802
228** 2.75% calcium nitrite; year 1980 8.49 5995
22.6 1bs C1-/Yd3 1983 10.85 7662
1986 281.9 199019
80 thru 86 81.29 57398

*  Average value of C1~ at top reinforcing steel mat.

** Partially debonded slabs between the top and bottom 1ifts.
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Table 7. Visual survey summary.

Calcium* 1bs

Slab No. Nitrite C1-/Yd3 Comments
211 0.0 3.6 No cracks; no rust
212 0.0 0 No cracks; no rust
213 0.0 7.9 Moderate amounts of wide cracks, some rust
214 0.0 6.9 Small to medium cracks; no rust
215 0.0 23.3 Large amounts of wide cracks, major rust
216 2.75 3.7 No cracks; no rust
217 2.75 0 No cracks; no rust
218** 2.75 8.4 Fine cracks; rust visible
219 2.75 8.4 No cracks; no rust
220 2.75 11.7 No cracks, one rust spot
221 2.75 10.9 No fine cracks, no rust
222 2.75 13.4 Fine cracks, two rust spots
223 2.75 14.3 ° Cracks; rust coming from cracks
224 2.75 16.7 Wide cracks; spalls; rust coming from cracks
225 2.75 16.3 - Wide cracks; spalls; major rust
226 2.75 16.8 Wide cracks; spalls, major rust
227 2.75 20.2 Wide cracks, spalls, major rust

- 228 2.75 22.6 Wide cracks, spalls, major rust

* Percentage by weight of cement.'
** This slab may have contained surface cracks (over rebar) before ponding.



Table 8. Corrosion current and iron consumed.

adistadesrainisatinraiyrdodybebatdatirdtoqttettitdqdoditeoetonevuedintssiil
SLAB & 215-419
DATA : CORRGSION CURRENT § IROM COMSUKED
UARTABLE : BLACK STEEL, 2.751 CALCIUM NITRITE,
8.4 LBS CL-/CUB. YD., TOP LIFT
DaAYS DRIVING ACTUAL  ADJ,CUR ADJ.RES APPROX, CUMAL. 70F-IRON
COUPLED VOLTAGE CURRENT TO 70F 710 70F ACTUAL  ANP,  CONSUMED /
BILLI v MIC.AWP MIC.AMP  OHNS TEMP F HOURS GRAMS

305 11,00 180,00 254,20 72,53 52.00 3.19 3.32

394 4,00 320,00 284,90 B.88 76,30 151 3.43
376 3,00 100,00 74,30 9.0 72,00 3,41 3,73
383 2,00 80.00 84,10 11.65 66,10 3,43 3,78
624 2,00 160.00 171,80 9.30 66,20 3,76 3.91
543 0,00 80.00 41,70 11,13  B4.40  3.B1 3.96
857 3,00 120,00 83,90 11,720 90.0¢  3.B3 1.98
&72 4,00 280.00 191,70 10,98 91,30 31.B8 4,04
6835 6,00 400,00 235.% 11,70 100,20 3.95 4.11
729 400 220,00 183.80 1.7 M. A17 434
762 5«00 120,00 194,00 9.90 45,10 4,32 4,49
m 2,00 120,00 152,10 10,73 37,30 439 4,57
Fa k] 3.0 60.00 113,70 8,28 37,60 443 4,61
824 1:00 80.00 150.40 6.B8 37.90 4,53 471
138 2.9 B0.00 1J5.40 B.69  43.00 457 4.75
851 1.0 20.00. 41,20 8,33 13,40 442 4.80
873 4,00 18,00 162,70 B.7B 82,00 445 4,84
894 3.00 180,00 204,20 B.3 5700 A3 4.72
947 3,00 100,00 100,80 9.62 69.60 4.2 3.12
973 3.00 420,00 247.40 10.B6 100,20 35,03 5.23
1004 2,00 20,00 22,90 11.07 62,70  5.14 5,35
1013 2.0 80.00 57.00 14,31 BB90  S.13 5.36
1035 2,00 120,00 83,70 13,82 90,20 .19 3.4
1058 2,00 40,00 39.00 13.% 71,40 5.2 5.43
1114 2.0 120,00 135,10 11.9% 4370 5. 3455
1184 2.0 60,00 94,00 9.5 45.B0 5.3 5,7
1211 20 2000 1.0 897 4L 5T 3.7
1288 2,00 60.00 93,10 B.B4 46,20 5.4 5.89
1289 2,00 120,00 11450 %13 72, .72 5.95
1301 1,00  140.20 107.50 10.15 BAD .73 s.99
1322 0.00 160,00 B340 11.43 106,20 5.80 6,03
1336 2.0 60.00 47,40 10,40 B2.80 5.82 4,08
1352 0.00 40,00 28,10 11.80 B%.70 V.83 6,06
1370 0.00 0.00 0,00 11,74 77,80 5.84 6.07
1394 1.00 60.00 40,80 1255 71,90 3.8 .08
1412 2,00 60,00 60,30 11.45  £%.80 5.87 8,10
1434 2,00 60.00 56,00 13,19 73.80 5.%0 5,14
1450 rf 60,00 6%.20 13,26 42,40 5.V2 8,18
1516 1.00 0.00 0,00 10,73 4L 5.97 6.21
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Table 8. Corrosion current and iron consumed (continued).

bobehbbidbbicbabatatadbitgiadegiibieitbioebbobotetrstadssttititigtatsiidtyiiei]
SLAB # 1 219-419
‘DATA ? CORROSION CURRENT t IROM CONSUMED
VARTABLE | BLACK STEEL, 2.73% CALCIUM NITRITE,
8.4 LBS CL-/CUB. YD., TOP LIFT

DAYS DRIVING ACTUAL  ADJ.CUR ADJ,RES APPROX. CUMUL,' 70F-IRON
COUPLED VOLTAGE CURRENT TO 70F 7O 72¢F ACTUAL  AMP,  CONSUMED
KILLI V MIC.AMP MIC.AMP  OHMS TEMP F  HOURS GRAMS

1596 1,00 0,00 0,00 924 3270 5.9 Wi
1750 0,00 0,00 0,00 1478 7580 597 4.2
1776 0,00  0.00 0,00 1533 87,50 557 421
1801 178 80,00 60,90 15,50 €5.10 599  &.23
1826 2,02 8OO0  6B.40 14,5  78.60 6,03 6,27
1863 1.85° 100,00 B%70 12,82 75,90 6,10 6,34
1979 - 2,40 . 180,00 13320 10,64 86,70 6L 687
208 1,60 80.00 67,50 10,07 1930 4.4 674
2050 0,00 0,00 0,00 12,91 8BS0 &S5L 677
2085 1,00 40,00 26,00 15.69 9430 652 6,78
07 0,00 0,00 0.00 15,47 79,10 453 479
2185 0,00 40,00 33,90 15,89 7910  4.55 681
2200 0,00 40,00 54,20 15,49 5400 459  4.85
267 0,00 0,00 0,00 1211 M50 483 6,90
W02 0.00 40,00 32,90 13.87 80,70 448 .95
2413 1,00 40,00 31,20 15.27 82,80 .89 4.9
29 1,00 0,00 0,00 16,23 106,40 670 6,97

AVERAGE 1,90 93,57  87.8¢ 1l.61 70,27

WEIGHTED AVE. 115

INITIAL ¢

TOTAL NUMBER OF READINGS: T3

phpbadialoninestiieditebidibodnedidioitetatdeiotedediodbotttintssgiitgisesitats
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Table 9. Electric potentials.

et dertstedtaesetd it IR Ry T I e Iiesettssseessestisitessssttafitiaiitisiatetossnsssstonted
SLAB & 219-419

DATA ¢ ELECTRIC POTENTIALS
VARIABLE ! BLACK STEEL» 2.75% CALCIUK NITRITE,
8.4 LBS CL-/CUB, YD., TOP LIFT
DAYS  PROB #1 TOP MAT  POTENTIALS BOTTON  HAT  POTEMIIALS  AVERAGE
COUPLED  POTENT.  HMILLI VLTS CSE MILLI  voLTS cse POT. DIFF

HILLI % --- HILLI

oLTS 1 2 1 AVERAGE 1 2 3 AVERAGE  VOLTS

----------------- ) { ———-— -

505 - - - - - - - - - -
554 - -200 -180 -190 -190 =200 -170 -200 -190 0

576 - -210 -200 -220 -210  -180 -170 =200 -183 ~2
583 - ~190 -180 -190 -187  -180  -140 -160 -167
424 - -150 -150 -210 -170 =200 -180 -210 -7 27,

643 - -170 -170 -150 -163 - - - - -
457 - -190 -180 -150 -173 -2 -199 180 -197 1]

472 - -210 -210 -210 -210 - - - - -
685 - -240 -230 ~260 -43 =230 210 -220 -220 -23
729 - -220 -200° -160 193 -240 -280. -210 -237 44
762 - -200 -200 -160 -187  -210 -180. -190  -193 6
779 - -200 -190 1 -130 210 -180 -1%0 -193 83
793 - -210 -180 , =210 -200  -200 -180 - -200 -193 -7
B26 - -190 -180 -180 -183 -190 -170. -180  -180 -3
838 - -200 -200 -210 =203 -200 -190 ~200 -197 -5

851 - - - - - - - - - -
875 - -210 -240 -270 =240 -210 -190 -220 -207 -3
894 - -260 -250 -280 =263 <220 -190 -230 -213 -50
947 - -210 -200 -200 -203  -110 -150 170 -143 -40
973 - -180 -220 -1%0 -197 =220 -170 -1%0 -193 -4
1006 - -170 -150 . -130 -150  -170 -150 -160 -140 19
1013 - -220 -210 -190 =207 -220 -190 -180 -197 -10
1036 - -220 -220 -200 =213 =220 -190 -180 -197 -16
1058 - =210 -190 -180 -193 . -2 -180 . -170 -190 -3
1114 - -190 ~200 -170 -187  -140 ~200 -210 -190 3
1184 - -140 -190 -120 -150  -180 -140 -140 -160 . . 10

1211 - - - - - - - - - -
1286 - -140 -1% -150 -180  -190 -150 -140 -167 ?
1289 - -170 -190 -170 -177  -180 -140 -150 -157 -20
1301 - -180 -190 -180 -183  -190 -160 -160 -170 -13
1322 - -150 -230 -180 -187  -200 -180 -170 -183 -4
1336 - -200 -160 -210 -190  -179 -170 -180 -173 -17
1352 - -170 -190 -190 -183  -190 -170 -190 -177 -4
1370 - -170 -160 -170 -187  -180 -150 -180 -170 3
1196 - -190 -200 -179 -187  -200 -190 -180 -190 3
1412 - -210 -150 -180 -180  -190 -170 -170 -177 -3
1434 - -170 -110 -180 -153 -190 -170 -180 -180 2

1450 - -180 -120 -140 -147 -189 -150 -150 -7 30
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Table 9. Electric potentials (continued).

EIR IR e taaisaeparitiibod it libiobebetthpfitdsetitetibitieietetsdsnsadididbociitiitititiobocosttioadasitit)
SLAR 0 219-41%
DATA + ELECTRIC PDYENTIALS
UARIABLE ¢ BLACK STEEL, 2.75% CALCIUM NITRITE,
8.4 LBS CL-/CUB, YD., TOP LIFT

DAYS  FROB ToP MAT  POTENTIALS BOTTON AT POTENTIALS  AVERAGE
COUPLED  POTENT.  NILLI YOLTS CSE ~ KILLI YOLTS CSE POT. DIFF
NILLI ' | - --- AILLL
YOLTS 1 2 3 AVERAGE 1 2 L] AVERABE  VOLTS
' : R S e e L e e e e B
1516 - - - - - - - - . -
1596 - - - - ~ - - - - -
1751 - -80 -150 -90 -100 -170 -1 -150 -157 57
1770 - -170 -190 -100 -153 -200 -170° -170 -1B0 27
1801 - -50 -210 -180 -7 -0 -180 -200° 207 60
1826 - -70 -240 -140 <150 -250 -190 =200 -3 63
1863 - -50 =210 -130 -130 =240 -210 -220 -3 93
1979 - -129 -224 -180 -1 -240 -240 =240 © -0 6%
2008 - -100 =200 -120 -140 =270 -240 -220. -3 103
2050 - -0 -200 -130 -120 -0 -220 -210 =217 57
2085 - -20 -200 -120 -113 -200 ~190 ~190 -193 80
2107 - 162 -194 -184 -180 =220 -200 -190 -203 23
2145 - -80 -170 -140 -130 =220 -200 =200 -207 77
2201 - -50 -160 -110 -107 -220 ~210 -200 -210 103
2247 - -50 -140 -70 -87  -180 -170 -170 -173 86
2402 - -4 -2318 -243 -185 - - - - -
2413 - -100 =270 -266 -212 - - - - -
2429 - -1 -259 -252 -214 - - - - -
AVERABE ’ 3 ~174 ‘ -1 19
TOTA MUMBER OF READINGS: S ‘

S R R T R S S SR SRR RS R L SRR AR LR SN S SRR S S S SRR R R B ERERRLLARLETANLTITTRCERLNNNING
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Table 10. Resistance and resistivity.

ERRRRRRALER AN RN RARERRARRRRAR AR AR AR AR ERRRRRRARRARARRRRARRRLARARLRRRRLARARRNRSL
SLAB & 1 219-419
DATA { RESISTANCE & RESISTIVITY
VARIABLE ¢ BLALK STEELs 2.75% CALCIUM KITRITE,
8.4 LBS CL-/CUB. YD., TOP LIFT

DATE pars HAT-NAT CHANGE
DATA COUPLED R70F NAT-KAT
TAKEN : OHKS PERCENT
10-08-80 0 B.40 0
10-10-80 2 7,80 -7
10-16-80 8 7,60 -10
10-22-80 1 7,00 -17
11-07-80 10 6,60 -2
11-21-80 4 6410 -2
12-08-80 81 6:20 -28
AVERAGE FOR YEAR 80 7.10

RESISTIV, COMST 706

AVERAGE RESISTI. FOR YEAR 80 5012

01-22-81 104 5.40 -
02-26-81 14 15.90 89
03-26-81 149 9,20 10
04-27-81 201 7,40 -12
07-07-81 72 9,40 12
10-09-81 386 9,80 1
AVERAGE FOR YEAR B1 9,35

RESISTIV, CONST 706

AVERAGE RESISTI. FOR YEAR B1 6838
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Table 10. Resistance and resistivity (continued).

rbttitideniorinediadaieeniitictoniodedbeddbtitddisdishitiolislitstodsatbioniets]
: SLAD & 0 219-419
DATA i RESISTAMCE I RESISTIVITY
WARIABLE ¢ BLACK STEEL, 2.75% CALCIUM NITRITE,
8.4 LBS CL-/CUB. ¥D., TOP LIFT

DATE DAYS HAT-BAT CHANGE
DATA COUPLED R70F © RAT-MAT
TAKEN : OWNS PERCENT
02-25-82 505 7.53 -16
04-15-82 554 g.88 )
05-07-82 576 .44 12
05-14-82 583 11,45 p§)
06-24-62 824 : 9,30 11
07-13-82 443 11,13 13
07-27-82 857 11,72 40
03-11-82 872 10.98 u
08-24-82 35 11,70 9
10-07-82 % 11.37 3
11-09-82 762 9.90 18
11-26-82 779 10.73 28
12-10-82 773 8.28 -1
AVERAGE FOR YEAR B2 10,20

RESISTIV, CONST 706

AVERASE RESISTI. FOR YEAR 82 7201

01-12-83 826 8.88 )
01-24-83 k] 8,49 3
02-14-83 351 8.53 2
03-02-83 7S 8.78 5
03-21-83 294 815 -3
05-13-83 %47 - 9.62 15
04-08-83 973 10,86 29
07-11-83 1006 11,07 32
07-18-83 1013 14,31 70
08-10-83 103 13.92 6
09-01-83 1058 13.96 66
10-27-83 1114 ‘ 11.99 4
AVERAGE FOR YEAR B3 10.73

RESISTIV, CONST ' 706

AVERABE RESISTI. FOR YEAR 83 7575
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Table 10. Resistance and resistivity (continued).

SRR R RS T LSS A LTI R IR IS IS ER AR NRNA S SRR TETTEsSRREsEALEINISE

SLAB ¢} 219-419

DATA ! RESISTANCE t RESISTIVITY

VARTABLE ¢ BLACK STEEL, 2,7SI CALCIUN NITRITE,

8.4 LBS CL-/CUB, YD., TOP LIFT

DATE DAYS MAT-HAT CHANGE
DATA COUPLED R70F. NAT-HAT
TAKEN OHNS . PERCENT
01-05-84 1184 9,50 13
02-01-84 1211 8,97 7
03-27-84 1266 8,84 5
04-19-84 1289 9.33 11
05-01-84 1301 10,15 21
0%5-22-84 1322 11,43 )
06-05-84 133 10.40 26
06-21-84 1352 11,80 ]
07-09-84 1370 11,74, A0
08-04-84 1395 12,55 It
08-20-04 1412 11,43 W
09-11-84 1434 13.19 57
09-27-84 1450 13,26 58
12-02-84 1515 10.75 p. |
AVERAGE FOR YEAR 84 10.97
RESISTIV, CONST 706
AVERAGE RESISTI. FOR YEAR 84 7745
02-20-85 1596 9.24 10
07-25-85 1751 14,78 %
08-13-85 1770 15.33 83
09-13-85 1801 15,50 ]
10-08-85 1824 14,13 8
11-14-85 1843 12,82 53
AVERAGE FOR YEAR 83 13.64
RESISTIV. CONST 706
AVERAGE RESISTI. FOR YEAR 83 9630
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Table 10. Resistance and resistivity (continued).

D IR TS SRR L I S A SR SR L I SRR A SR SARSAER RS AN AT SO RARTALEATS
o | SLAD ¢ % 219-419 ‘
 DATA & RESISTAMCE § RESISTIVITY
" UARTABLE ! BLACK STEEL, 2,7SI CALCIUN NITRITE,
8.4 LBS CL-/CUB, YD., TOP LIFT

DATE DAYS NAT-NAT CHANGE
DATA COUPLED R7OF NAT-MAT
TAKEN OHNS PERCENT
03-10-86 1979 10,64 27
04-08-84 2008 10,07 20
05-20-86 2050 12,91 S4
06-24-84 2088 15,69 87
07-14-84 2107 15,47 84
09-12-86 2168 15.69 ,
10-18-84 2201 15,49 BA
12-23-84 2267 12.41 "
AVERAGE FOR YEAR 86 13,51

RESISTIV. CONST 706

AVERAGE RESISTI, FOR YEAR B4 9538

05-07-97 2402 | 13.87 6
05-18-87 2413 15.27 82
04-03-87 P17y 16,23 9
AVERAGE FOR YEAR 87 1512

RESISTIV, CONST 703

AVERAGE RESISTI. FOR YEAR 87 10674

SILLE  AVERAGE FOR ALL YEARS READINGS s322

AVERAGE

INITIAL ¢

RESISTIV, COMST

AVERAGE RESISTI,

TOTAL NUMBER OF READINGS

[itatdriodititettertiteeetdadiisnedanenailoneinisisdtteiontitotitenitisnetdtoin]

U8 GOVERNMENT PRINTING OFFICE 1988 - 617-000 - 1302/g8521
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