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ABSTRACT

Four bridge decks were overlayed and patched and one bridge pier was patched using
concrete with and without corrosion-inhibiting admixtures. Some concrete surfaces received
topically applied corrosion-inhibiting treatments prior to placement of the concrete.

The repairs were successfully completed, and the initial condition of the repairs is good.
Corrosion probes were installed in many of the repairs, and measurements are being made each
quarter to determine macrocell current, macrocell potential, and resistance. The probes indicate
that corrosion is occurring in repairs done with and without corrosion-inhibiting treatments. No
conclusions can be drawn at this time, and the study will continue for a total of 5 years.
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INTRODUCTION

Rehabilitating corrosion-damaged and chloride-contaminated concrete structures has
become a major part of state construction and maintenance programs. In many cases, only
portions of a structural element are damaged or contaminated, allowing it to be repaired rather
than replaced. Conventional repair techniques usually include removing deteriorated concrete
and placing new concrete in the form of patches or overlays. Although new concrete generally
restores a more passive environment, corrosion of the original reinforcing steel often continues
or begins at other locations. Differences in chloride content between the adjacent old and new
concretes result in corrosion around the patch area, further deteriorating the concrete element and
significantly reducing the service life of the repaired structure.

Various types of corrosion inhibitors have been developed and marketed to mitigate
continued corrosion in newly rehabilitated structures. When physical damage is repaired, these
materials are usually incorporated into the repair procedure by applying them to the surface of
the original concrete and allowing them to penetrate before patching, by including them as an
admixture in the patch material, or both. These applications seem benign compared to other
corrosion protection methods. They add relatively little work to the conventional repair activity.
Initial costs are lower, and there are essentially no future maintenance costs directly associated
with inhibitors. However, the question whether inhibitor performance meets expectations with
minimal side effects remains to be answered. 1

PURPOSE AND SCOPE

This project will evaluate the performance of corrosion inhibitors by the long-term
monitoring of structures and exposure slabs. A literature review, development of plans and
specifications for construction, construction of exposure slabs and bridge overlays and patches,
observation of construction activities, periodic condition evaluations over a 5-year period, and
preparation of reports will be included. Interim Report 1 described the construction and initial



condition of the exposure slabs.2 This report describes the installation and initial condition of the
bridge repairs.

METHODOLOGY

Repairs were made to various bridges in Virginia to allow the evaluation of various repair
treatment processes, inhibitor formulations, and chloride-to-inhibitor ratios. The repairs included
control sections and corrosion probes.

The effectiveness of each inhibitor will be based on evaluations that include:

• delamination surveys
• potential surveys
• corrosion rate measurements
• sampling and testing for chloride concentration
• sampling and testing for inhibitor concentration
• bond strength tests
• corrosion probe readings.

Corrosion-inhibiting admixtures and topical treatments of corrosion inhibitors were used to
construct overlays and patches in Virginia Beach, Abingdon, Wytheville, and Marshall and to
make shotcrete repairs on bridge piers on 1-77 at Big Walker Mountain. The mixture
proportions, properties of freshly mixed and hardened concrete, bond strength of repairs, and
corrosion measurements to determine the corrosion-inhibiting performance of the repairs are
described in this report.

Virginia Beach

Corrosion-inhibiting admixtures were used in the concrete overlays placed on selected
spans of the eastbound lane of Rte. 60 over Lynnhaven Inlet in Virginia Beach in May 1996.
The bridge is 1,525 ft (465 m) long and has 28 spans, as shown in Figure 1. The spans are 50 ft
(15 m) long with the exception of the center spans. Prior to placement of the overlays, the half­
cell potentials were measured using 4 in x 4 in (100 mm x 100 mm) grids and chloride samples
were taken to determine the chloride content.

The surface of the base concrete was prepared by shotblasting to remove the top 1/8 in
(3.1 mm) of concrete. Then, the surface was wetted and maintained in a moist condition until the
overlays were placed. Topical treatments of Armatec 3020 and Postrite were applied to spans
23,24,26,27, and 28, as shown in Figure 1. Two applications of Armatec 3020 were applied to
spans 23 and 24. The surface was power washed after the second application dried and
maintained in a wet condition until the overlay was placed. Three applications of Postrite were
applied to spans 26, 27, and 28 and maintained in a wet condition until the overlay was placed.
Spans 1, 2, and 3 were the control spans.
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Figure 1. Route 60 EBL. over Lynnhaven Inlet

Concrete mixture proportions used in the overlays are given in Table 1 (see the Appendix
for tables). Concretes were mixed and delivered in truck mixers. The slump and air content
were determined prior to placement. The temperature of the air and concrete, relative humidity,
wind speed, placement times, and locations were also determined. Samples of concrete were
prepared for testing in the hardened state. Samples included 4 in x 8 in (100 mm x 200 mm)
cylinders for compression tests, 3 in x 4 in x 16 in (75 nun x 100 nun x 400 nun) beams for
freeze thaw tests, and 4 in x 4 in (100 mm x 100 mm) cylinders for permeability tests. Following
completion of the overlays, cores 2.25 in (56 nun) in diameter were taken for tensile bond tests
and cores 4 in (100 nun) in diameter were taken for permeability tests. Tensile bond tests were
conducted after installation using a modified version of ACI 503R and VTM 92. The
modification was that cores were removed from the deck and saw cut in the laboratory to provide
a specimen 102 mm high with 51 mm on each side of the bond line, a pipe cap was bonded to
both sawn surfaces, and the specimen was subjected to tension.

Abingdon and Wytheville

Corrosion-inhibiting admixtures and topical treatments were used in the bridge decks
carrying the southbound lanes in Abingdon and Wytheville. The bridge in Abingdon was
overlaid in May 1998. It contained a control span and three experimental spans with corrosion­
inhibiting admixtures, as shown in Figure 2. Two of the spans had topical applications of
corrosion inhibitor. The bridge at Wytheville was overlaid in June and September 1997. It also
has four spans and contains control and experimental spans as shown in Figure 3. The bridges
were milled, and a deck survey was conducted. The survey included laying out 4 ft x 4 ft (1.2 m
x 1.2 m) grids, taking half-cell potential readings, collecting chloride samples, and selecting
probe locations.
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Figure 3. Rte. 81, Wytheville

At each intersection of the 4 ft x 4 ft (1.2 m x 1.2 m) grid, half-cell potential
measurements were made. These measurements were used to select locations for the probes. A
total of six probe locations were selected for each span. Three locations were selected that had
high half-cell potential readings (>35), and three locations were selected that had low half-cell
potential readings «20). Of the three high readings, two probe locations were in original
concrete and one probe location was in a patch adjacent to and on the same bar as the selected
bar in the original concrete, as shown in Figure 4. The same was done for probe locations that
had low half-cell potential readings.

At each probe location, chloride samples were taken at Y2 and 1 in depths, and four
additional half-cell readings were taken around each probe location (within a 2 ft x 2 ft [0.6 m x
0.6 m] grid).

The probes were constructed by locating transverse reinforcing steel using a pachometer.
After the bar was located, two saw cuts were made completely through the bar about 7.5 in apart.
Concrete was then chipped approximately 2 to 3 in (50 to 75 mm) from one of the saw cut ends
to expose the transverse bar. After the bar was exposed, a 3/16 in (5 mm) hole was drilled into
the bar at a depth sufficient to hold a pop rivet (Figure 5). The saw cuts were filled with epoxy,
and the drill hole was covered with putty for protection. Prior to placement of topical
applications and concrete, electrical leads were attached to each probe and ground location with
a pop rivet gun. Quick-set epoxy was then placed over exposed rebar and wire connections.
After all the leads were in place, the wires were fed through conduit and attached to a previously
installed electrical box (Figure 4). The color scheme of the wires going from north to south was
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red, white, blue, gray, brown, pink. The black (ground) wire location floated depending on the
location of its connection to the reinforcement. Prior to the placement of concrete, field
personnel monitored topical applications of inhibitors for correct rate of application. Concretes
were mixed and delivered in truck mixers. Concrete proportions used in the overlays are given
in Table 1. The slump and air content values were determined prior to placement. Samples of
concrete were prepared for testing at the hardened state. Samples included three 4 in x 8 in (100
mm x 200 mm) cylinders for compression tests, and two 4 in x 4 in (100 mm x 200 mm)
cylinders for permeability tests. The temperature of air and concrete, relative humidity, wind
speed, placement times, and locations were also determined. Approximately 1 month after
completion of the overlays, cores 2.25 in (56 nun) in diameter were taken for tensile bond tests
and cores 4 in (100 mm) in diameter were taken for permeability tests.

Big Walker Mountain

The bridge at the Big Walker Mountain has three spans. The second pier in the
northbound lanes was repaired with shotcrete in September 1997. As shown in Figure 6, some
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areas had shotcrete with silica fume, and in other areas the silica-fume shotcrete contained a
calcium nitrite corrosion inhibitor. The deteriorated concrete was removed by pneumatic
hammer. Prior to shotcreting, the area was sandblasted, probe areas were selected, and wires
were connected. The area that contained the shotcrete with the corrosion inhibitor also had the
topical application of Postrite.

The shotcrete mixture proportions are shown in Table 1.

Marshall

The bridge at Marshall has three spans, as shown in Figure 7. The northbound lane was
overlaid with silica-fume concrete in July 1998, and the southbound lane with silica fume
concrete containing corrosion inhibitors in August 1998. Two of the spans with corrosion
inhibitors had the topical applications.

The deck was milled close to the steel, and the contaminated concrete around the steel
was removed by a pneumatic hammer. In the northbound lanes, probes were prepared after the
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overlay because of a scheduling problem. In the southbound lanes, probes were located prior to
placement of the overlay.

Concrete proportions are given in Table 1. Concrete was tested for slump, air content,
and concrete temperature. Specimens were prepared for strength and permeability tests.

RESULTS

Virginia Beach

The slump and air content data are given in Table 2. Slump values ranged from 130 to
200 mm, providing workable concretes. The air content ranged from 3.0 to 6.8 percent. The
specified air content was 7 + 2 percent with the use of a high-range water-reducing admixture.
In each section with the corrosion-inhibiting admixture, at least one measured air content was
below the specified value.

Silica fume concretes have a minimum 28-day design compressive strength of 5,000 psi.
As shown in Table 3, all the strengths exceeded the minimum design strength.

The permeability results at 90 days are given in Table 4. Values are in the very low or
low permeability range, except for the two concretes with DCI, which have high values. It is
expected that concretes with DCI would yield high values because of the effect of DCI on
electrical conductance. In overlays, a maximum coulomb value of 1,500 is desired. The values
obtained were close to 1,500 coulombs or less, except in most of the DCI concretes. The
permeability of cores taken after installation is given in Table 5. All cores except most of those
containing DCI had values less than 1,500 coulombs. In general, the values for cores were lower
than those for cylinders. Cores were taken at 6 months, whereas cylinders were tested at 90
days.

Tensile bond test results are given in Table 6. The bond strengths were fair to good. The
majority of the failures were at the bond interface and in the base concrete close to the bond
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interface, which indicates that surface preparation could have been better. Spans that received
topical treatments of corrosion-inhibiting admixtures had the lowest bond strengths.

Electric half-cell potential measurements (ASTM C876) are given in Table 7. The data
show that there is a 90 percent or greater probability that corrosion is occurring in a small
percentage of the area of some of the spans. On the majority of spans, there is a 90 percent or
greater probability that corrosion is not occurring in most of the span.

The chloride data given in Table 8 show that there is not sufficient chloride at the level of
the top mat of reinforcement (approximately 500 mm) to cause corrosion since the chloride
contents are much lower than the corrosion threshold value of 0.77 kg/m3(1.3 Ib/yd3

) except for
the control span.

The results of freezing and thawing tests shown in Table 9 indicate that all concretes
failed the durability factor « 60) and weight loss «7%) criteria except one of the concrete
batches with Armatec 2000 inhibitor. The average cycles at failure are given in Table 10. The
highest cycles were achieved with the concretes containing Armatec; one of the batches with
Armatec reached 300 cycles.

No corrosion probes were installed at Virginia Beach.

Abington and Wytheville

The slump values ranged from 1.25 to 4.5 in (31 to 112 mm). Even though some of the
values were lower than the specification limit, satisfactory consolidation was achieved with
mechanical vibration. The air content ranged from 4.2 to 10 percent. Most of the air contents
were above 5 percent, the minimum limit.

The compressive strengths were in excess of the required 5,000 psi (34470 kPa), and a
couple of them were above 4,000 psi (27576 kPa) (Table 3). These concretes did not contain
silica fume. The permeability values were in the low and moderate range (Table 4). The
permeability of cores after 3 months (TL Wytheville), 6 months (PL Wytheville), and 7 months
(Abingdon) of placement showed variable results from very low to high. The tensile bond test
results in Table 6 show from fair to good bond strengths, with failures occurring more in the base
concrete but also in the bond area and the overlay.

Electric half-cell potential measurements (ASTM C876) are given in Table 7. The data
show that there is a 90 percent or greater probability that corrosion is occurring in a large
percentage of the area of many spans. On one span, there is a 90 percent or greater probability
that corrosion is not occurring.

The chloride data given in Table 8 show that for most of the locations sampled there is
sufficient chloride at the level of the top mat of reinforcement to cause corrosion since the
chloride contents are higher than the corrosion threshold value of 0.77 kg/m3C1.3 Ib/yd3

).
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Corrosion probe locations are shown in Table 11, and probe readings in Table 12. No
conclusions can be drawn from the data at this time.

Marshall

The slump values ranged from 4.5 to 7 in (112 to 175 mm), providing workable
concretes. The air contents ranged from 7.4 to 12.1 percent; some exceeded the 9 percent upper
limit (Table 3). Compressive strengths exceeded 5,000 psi (34470 kPa) (Table 4). The
permeability values were low or very low, with the highest value of 1510 coulombs in the batch
with DCI (Table 5). Higher values are expected when DCI is used. Cores taken 2 months
(NBL) and 1 month (SBL) after installation also indicated low or very low values, with the
highest value being 1286 coulombs. The tensile bond test showed fair to poor values, with the
majority of the failures in the base concrete rather than the overlay and the bond layer.

Electric half-cell potential measurements (ASTM C876) are given in Table 7. The data
show that there is a 90 percent or greater probability that corrosion is occurring in a large
percentage of the area of many spans.

The chloride data given in Table 8 show that for most of the locations sampled there is
sufficient chloride at the level of the top mat of reinforcement to cause corrosion since the
chloride contents are higher than the corrosion threshold value of 0.77 kg/m3

( 1.3 Ib/yd3
).

Corrosion probe locations are shown in Table 11, and probe readings in Table 12. No
conclusions can be drawn from the data at this time.

Big Walker Mountain

The shotcrete repairs were done as expected. Test data are reported in Tables 1, 3, 4, 7,
8, 11, and 12. Compressive strengths were high, and permeability was low. Half-cell potential
and chloride data indicated corrosion. The half-cell data suggested that the Postrite treatment
provided some benefit as the potentials were less negative following the repair; the potentials for
the control section were more negative. It is too early to draw a conclusion.

CONCLUSIONS

Construction was done as expected. The initial condition of the repairs is fair to good,
and no difference between repairs with and without corrosion-inhibitor treatments can be seen at
this time. The probes indicate that corrosion is occurring in repairs done with and without
corrosion-inhibiting treatments.

9
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Table 1. Concrete Mixtures
Location Cement Fly Ash SF Sand No.8 Stone No.7 Stone Water Fibers
VA Beach

SF 612 - 46 1381 - 1515 255 -
SF, RCI 612 - 46 1381 - 1515 228 -
SF, ACI 612 - 46 1381 - 1515 255 -
SF, DCI 612 - 46 1381 - 1515 281 -

Wytheville 559 132 - 1579 1207 - 280 -
Abingdon 540 127 - 1608 - 1161 300 -
Marshall 728 - 50 1326 - 1495 292 -
Walker Mountain 845 - 84.5 2925 - - 380 7.4
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Bridge Section Mix Slump (in) Air %

VA Beach EBL, Span 2, Truck 2 7%SF 7.5 6.8
VA Beach EBL, Span 1, Truck 3 7%SF 7.25 5.6
VA Beach EBL, Span 11, Truck 4 7% SF, DCI 6 6.0
VA Beach EBL, Span 10, Truck 5 7% SF, DCI 6 6.0
VA Beach EBL, Span 18, Truck 1 7% SF, DCI 7.25 3.0
VA Beach EBL, Span 19, Truck 2 7% SF, DCI 8 5.2
VA Beach EBL, Span 21, Truck 2 7% SF, Rheocrete 222 8 3.0
VA Beach EBL, Span 22, Truck 3 7% SF, Rheocrete 222 6.75 4.0
VA Beach EBL, Span 24, Truck 5 7% SF, Armatec 3000/3020 8 6.0
VA Beach EBL, Span 25, Truck 6 7% SF, Armatec 3000 8.5 8.0
VA Beach EBL, Span 27, Truck 2 7% SF, DCI/Postrite 6 5.0
VA Beach EBL, Span 28, Truck 3 7% SF, DCI/Postrite 5 4.0
Wytheville SBPL, Span 1, Truck 1 A4 Patches No Data No Data
Wytheville SBPL, Span 1, Truck 1 A4 3.25 8
Wytheville SBPL, Span 1, Truck 2 A4 2.25 7.8
Wytheville SBPL, Span 2, Patch 1 gcy Rheocrete 222+ Patches 2.75 5.2
Wytheville SBPL, Span 2, Truck 1 1 gcy Rheocrete 222+ 2.5 5.6
Wytheville SBPL, Span 2, Truck 2 1 gcy Rheocrete 222+ 1.75 7
Wytheville SBPL, Span 3, Patches 2 gcy Ferrogard 901/903 Patches 3 8
Wytheville SBPL, Span 3, Truck 1 2 gcy Ferrogard 901/903 1.25 10
Wytheville SBPL, Span 3, Truck 2 2 gcy Ferrogard 901/903 2.75 7.5
Wytheville SBPL, Span 4, Truck 1 4 gcy DCI/Postrite Patches No Data No Data
Wytheville SBPL, Span 4, Truck 1 4 gcy DCIIPostrite 4.25 9.4
Wytheville SBPL, Span 4, Truck 2 4 gcy DCI/Postrite 2.75 7.5
Wytheville SBTL, Span 1, Truck 1 A4 2.75 6.2
Wytheville SBTL, Span 1, Truck 2 A4 2.25 6.4
Wytheville SBTL, Span 2, Truck 1 1 gcy Rheocrete 222+ 4 5.4
Wytheville SBTL, Span 2, Truck 2 1 gcy Rheocrete 222+ 3 6
Wytheville SBTL, Span 2, Truck 3 1 gcy Rheocrete 222+ 2 5.5
Wytheville SBTL, Span 3, Truck 1 2 gcy Ferrogard 901/903 4 8.2
Wytheville SBTL, Span 3, Truck 2 2 gcy Ferrogard 901/903 4.25 7.5
Wytheville SBTL, Span 4, Truck 1 4 gcy DCI/Postrite 3.75 5.4
Wytheville SBTL, Span 4, Truck 2 4 gcy DCI/Postrite 4 4.5
Abingdon SBTL, Span 1+2, Truck 1 A4 Patches No Data No Data
Abingdon SBTL, Span 1, Truck 1 4 gcy DCI/Postrite 2.25 5.8
Abingdon SBTL, Span 1, Truck 2 4 gcy DCI/Postrite 4 7.2
Abingdon SBTL, Span 1, Truck 3 4 gcy DCI/Postrite 4 7.6
Abingdon SBTL, Span 2, Truck 1 2 gcy Ferrogard 901/903 5 6.8
Abingdon SBTL, Span 2, Truck 2 2 gcy Ferrogard 901/903 4.5 10
Abingdon SBTL, Span 3, Truck 1 A4 Patches No Data No Data
Abingdon SBTL, Span 3, Truck 1 1 gcy Rheocrete 222+ 3.5 7
Abingdon SBTL, Span 3, Truck 2 1 gcy Rheocrete 222+ 4.5 8.2
Abingdon SBTL, Span 4, Truck 1 A4 4.5 6.2
Abingdon SBTL, Span 4, Truck 2 A4 3.5 4.4
Abingdon SBPL, Span 1, Truck 1 4 gcy DCI/Postrite 2 4.2
Abingdon SBPL, Span 1, Truck 2 4 gcy DCI/Postrite 3.25 5
Abingdon SBPL, Span 2, Truck 1 2 gcy Ferrogard 901/903 2 5
Abingdon SBPL, Span 2, Truck 2 2 gcy Ferrogard 901/903 2.5 7.2
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches No Data No Data
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches No Data No Data
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ 2 8.2
Abingdon SBPL, Span 3, Truck 2 1 gcy Rheocrete 222+ 3.5 9.6
Abingdon SBPL, Span 4, Truck 1 A4 2.5 7.2
Abingdon SBPL, Span 4, Truck 2 A4 2 7.4
Marshall SBTL, Span 1, Truck 1 2 gcy Ferrogard 901/903 7 12.1
Marshall SBTL, Span 2, Truck 1 4 gcy DCI/Postrite 7 11
Marshall SBLT, Span 3, Truck 1 1 gcy Rheocrete 222+ 4.5 7.4

14



Brid~e Section Mix Slump (in) Air %
Marshall NBLT, Span 1, Truck 1 A4 6.75 7.7
Marshall NBLT, Span 2, Truck 2 A4 N/A N/A
Marshall NBLT, Span 3, Truck 3 A4 N/A N/A

1-77 Pier Shotcrete - -
1-77 Pier Shotcrete w/Del + Postrite - -
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thD tStT bl 3 Ca e . ompresslve reng1 aa
Fresh Concrete Samples

Bridge Section Treatment 28-Day Compressive Streneth, psi
VA Beach EBL, Span 2, Truck 2 7%SF 6810
VA Beach EBL, Span 1, Truck 3 7%SF 6780
VA Beach EBL, Span 11, Truck 4 7% SF, DCI 6750
VA Beach EBL, Span 10, Truck 5 7% SF, DCI 7510
VA Beach EBL, Span 18, Truck 1 7% SF, DCI 5900
VA Beach EBL, Span 19, Truck 2 7% SF, DCI 5500
VA Beach EBL, Span 21, Truck 2 7% SF, Rheocrete 222 6620
VA Beach EBL, Span 22, Truck 3 7% SF, Rheocrete 222 7680
VA Beach EBL, Span 24, Truck 5 7% SF, Armatec 3000/3020 7810
VA Beach EBL, Span 25, Truck 6 7% SF, Armatec 3000 7610
VA Beach EBL, Span 27, Truck 2 7% SF, DCI/Postrite 8110
VA Beach EBL, Span 28, Truck 3 7% SF, DCI/Postrite 8330
Wytheville SBPL, Span 1, Truck 1 A4 Patches 6550
Wytheville SBPL, Span 1, Truck 1 A4 5240
Wytheville SBPL, Span 1, Truck 2 A4 5870
Wytheville SBPL, Span 2, Truck 1 1 gcy Rheocrete 222+ Patches 6760
Wytheville SBPL, Span 2, Truck 1 1 gcy Rheocrete 222+ 5720
Wytheville SBPL, Span 2, Truck 2 1 gcy Rheocrete 222+ 5450
Wytheville SBPL, Span 3, Truck 1 2 gcy Ferrogard 901/903 Patches 6020
Wytheville SBPL, Span 3, Truck 1 2 gcy Ferrogard 901/903 5620
Wytheville SBPL, Span 3, Truck 2 2 gcy Ferrogard 901/903 5700
Wytheville SBPL, Span 4, Truck 1 4 gcy DCI/Postrite Patches None Cast
Wytheville SBPL, Span 4, Truck 1 4 gcy DCI/Postrite 5360
Wytheville SBPL, Span 4, Truck 2 4 gcy DCI/Postrite 7000
Wytheville SBTL, Span 1, Truck 1 A4 5400
Wytheville SBTL, Span 1, Truck 2 A4 6120
Wytheville SBTL, Span 2, Truck 1 1 gcy Rheocrete 222+ 6550
Wytheville SBTL, Span 2, Truck 2 1 gcy Rheocrete 222+ 6160
Wytheville SBTL, Span 2, Truck 3 1 gcy Rheocrete 222+ 6360
Wytheville SBTL, Span 3, Truck 1 2 gcy Ferrogard 901/903 5620
Wytheville SBTL, Span 3, Truck 2 2 gcy Ferrogard 901/903 6100
Wytheville SBTL, Span 4, Truck 1 4 gcy DCI/Postrite 7190
Wytheville SBTL, Span 4, Truck 2 4 gcy DCI/Postrite 6530
Abingdon SBTL, Span 1+2, Truck 1 A4 Patches 5600
Abingdon SBTL, Span 1, Truck 1 4 gcy DCI/Postrite 6300
Abingdon SBTL, Span 1, Truck 2 4 gcy DCI/Postrite 6260
Abingdon SBTL, Span 1, Truck 3 4 gcy DCI/Postrite 5400
Abingdon SBTL, Span 2, Truck 1 2 gcy Ferrogard 901/903 5000
Abingdon SBTL, Span 2, Truck 2 2 gcy Ferrogard 901/903 3800
Abingdon SBTL, Span 3, Truck 1 A4 Patches 5460
Abingdon SBTL, Span 3, Truck 1 1 gcy Rheocrete 222+ 5650
Abingdon SBTL, Span 3, Truck 2 1 gcy Rheocrete 222+ 4660
Abingdon SBTL, Span 4, Truck 1 A4 5230
Abingdon SBTL, Span 4, Truck 2 A4 5980
Abingdon SBPL, Span 1, Truck 1 4 gcy DCI/Postrite 7050
Abingdon SBPL, Span 1, Truck 2 4 gcy DCI/Postrite 5940
Abingdon SBPL, Span 2, Truck 1 2 gcy Ferrogard 901/903 7160
Abingdon SBPL, Span 2, Truck 2 2 gcy Ferrogard 901/903 7290
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches 5870
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches 5390
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ 4110
Abingdon SBPL, Span 3, Truck 2 1 gcy Rheocrete 222+ 4300
Abingdon SBPL, Span 4, Truck 1 A4 5680
Abingdon SBPL, Span 4, Truck 2 A4 5740
Marshall SBTL, Span 1, Truck 1 2 gcy Ferrogard 901/903 5200
Marshall SBTL, Span 2, Truck 1 4 gcy DCI/Postrite 5940
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Fresh Concrete Samples
Brid~e Section Treatment 28-Day Compressive Stren~th, psi

Marshall SBLT, Span 3, Truck 1 1 gcy Rheocrete 222+ 7290
Marshall NBLT, Span 1, Truck 1 A4 N/A
Marshall NBLT, Span 2, Truck 2 A4 7030
Marshall NBLT, Span 3, Truck 3 A4 N/A

1-77 Pier Shotcrete 10,700
1-77 Pier Shotcrete wlDel + Postrite 8,200
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T bl 4 90 d Pa e . - ay ermea II:y aa
90-day Permeability,

Brid2e Section Treatment Coulombs
VA Beach EBL, Span 2, Truck 2 7%SF 678
VA Beach EBL, Span 1, Truck 3 7%SF 704
VA Beach EBL, Span 11, Truck 4 7% SF, DCI 1652
VA Beach EBL, Span 10, Truck 5 7% SF, DCI 1284
VA Beach EBL, Span 18, Truck 1 7% SF, DCI 4591
VA Beach EBL, Span 19, Truck 2 7% SF, DCI 3605
VA Beach EBL, Span 21, Truck 2 7% SF, Rheocrete 222 980
VA Beach EBL, Span 22, Truck 3 7% SF, Rheocrete 222 849
VA Beach EBL, Span 24, Truck 5 7% SF, Armatec 3000/3020 472
VA Beach EBL, Span 25, Truck 6 7% SF, Armatec 3000 368
VA Beach EBL, Span 27, Truck 2 7% SF, DCIIPostrite 1645
VA Beach EBL, Span 28, Truck 3 7% SF, DCIIPostrite 1603
Wytheville SBPL, Span 1, Truck 1 A4 Patches 1422
Wytheville SBPL, Span 1, Truck 1 A4 2225
Wytheville SBPL, Span 1, Truck 2 A4 1772
Wytheville SBPL, Span 2, Truck 1 1 gcy Rheocrete 222+ Patches 1664
Wytheville SBPL, Span 2, Truck 1 1 gcy Rheocrete 222+ 2714
Wytheville SBPL, Span 2, Truck 2 1 gcy Rheocrete 222+ 2245
Wytheville SBPL, Span 3, Truck 1 2 gcy Ferrogard 901/903 Patches 2276
Wytheville SBPL, Span 3, Truck 1 2 gcy Ferrogard 901/903 3453
Wytheville SBPL, Span 3, Truck 2 2 gcy Ferrogard 901/903 2802
Wytheville SBPL, Span 4, Truck 1 4 gcy DCIIPostrite Patches 1803
Wytheville SBPL, Span 4, Truck 1 4 gcy DCI/Postrite 2542
Wytheville SBPL, Span 4, Truck 2 4 gcy DCI/Postrite 2307
Wytheville SBTL, Span 1, Truck 1 A4 2138
Wytheville SBTL, Span 1, Truck 2 A4 2423
Wytheville SBTL, Span 2, Truck 1 1 gcy Rheocrete 222+ 1935
Wytheville SBTL, Span 2, Truck 2 1 gcy Rheocrete 222+ 1800
Wytheville SBTL, Span 2, Truck 3 1 gcy Rheocrete 222+ 1192
Wytheville SBTL, Span 3, Truck 1 2 gcy Ferrogard 901/903 3489
Wytheville SBTL, Span 3, Truck 2 2 gcy Ferrogard 901/903 2678
Wytheville SBTL, Span 4, Truck 1 4 gcy DCIIPostrite 2644
Wytheville SBTL, Span 4, Truck 2 4 gcy DCIIPostrite 3979
Abingdon SBTL, Span 1+2, Truck 1 A4 Patches None Cast
Abingdon SBTL, Span 1, Truck 1 4 gcy DCIIPostrite 3026
Abingdon SBTL, Span 1, Truck 2 4 gcy DCIIPostrite 3372
Abingdon SBTL, Span 1, Truck 3 4 gcy DCI/Postrite 4084
Abingdon SBTL, Span 2, Truck 1 2 gcy Ferrogard 901/903 3478
Abingdon SBTL, Span 2, Truck 2 2 gcy Ferrogard 901/903 3920
Abingdon SBTL, Span 3, Truck 1 A4 Patches None Cast
Abingdon SBTL, Span 3, Truck 1 1 gcy Rheocrete 222+ 1713
Abingdon SBTL, Span 3, Truck 2 1 gcy Rheocrete 222+ 2410
Abingdon SBTL, Span 4, Truck 1 A4 2058
Abingdon SBTL, Span 4, Truck 2 A4 2354
Abingdon SBPL, Span 1, Truck 1 4 gcy DCI/Postrite 3314
Abingdon SBPL, Span 1, Truck 2 4 gcy DCI/Postrite 4112
Abingdon SBPL, Span 2, Truck 1 2 gcy Ferrogard 901/903 3068
Abingdon SBPL, Span 2, Truck 2 2 gcy Ferrogard 901/903 2597
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches 2953
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ Patches 2536
Abingdon SBPL, Span 3, Truck 1 1 gcy Rheocrete 222+ 3457
Abingdon SBPL, Span 3, Truck 2 1 gcy Rheocrete 222+ 4251
Abingdon SBPL, Span 4, Truck 1 A4 2335
Abingdon SBPL, Span 4, Truck 2 A4 1669
Marshall SBTL, Span 1, Truck 1 2 gcy Ferrogard 901/903 1009*

18



90-day Permeability,
Brid~e Section Treatment Coulombs

Marshall SBTL, Span 2, Truck 1 4 gcy DCI/Postrite 1510*
Marshall SBLT, Span 3, Truck 1 1 gcy Rheocrete 222+ 944*
Marshall NBLT, Span 1, Truck 1 A4 N/A
Marshall NBLT, Span 2, Truck 2 A4 N/A
Marshall NBLT, Span 3, Truck 3 A4 N/A

1-77 Pier Shotcrete 926
1-77 Pier Shotcrete w/DCI + Postrite 423

19



Aft I t II fT bl 5 Pa e . ermea II ~y 0 ores er os a a Ion
Overlay Permeability of Cores Date Cores

Brid2e Thickness Section Treatment After Installation Taken
VA Beach 1.5625 EBL, Span 2 7%SF 527
VA Beach 1.875 EBL, Span 11 7% SF, DCI 1418
VA Beach 1.6875 EBL, Span 18 7% SF, DCI 1614
VA Beach 1.6875 EBL, Span 21 7% SF, Rheocrete 222 1031 11/19/96

VA Beach 1.6875 EBL, Span 24 7% SF, Armatec 3000/3020 393
VA Beach 1.6875 EBL, Span 25 7% SF, Armatec 3000 327
VA Beach 1.5 EBL, Span 27 7% SF, DCI/Postrite 1695
Wytheville 2.00+ SBPL, Span 1 A4 3262
Wytheville 2.00+ SBPL, Span 2 1 gcy Rheocrete 222+ 1973
Wytheville 2.00+ SBPL, Span 3 2 gcy Ferrogard 901/903 1099
Wytheville 2.00+ SBPL, Span 4 4 gcy DCI/Postrite 2519 12/18/97

Wytheville 2.00+ SBTL, Span 1 A4 1532
Wytheville 2.00+ SBTL, Span 2 1 gcy Rheocrete 222+ 205
Wytheville 2.00+ SBTL, Span 3 2 gcy Ferrogard 901/903 4101
Wytheville 2.00+ SBTL, Span 4 4 gcy DCI/Postrite 4127
Abingdon 2.00+ SBTL, Span 1 4 gcy DCI/Postrite 723
Abingdon 2.00+ SBTL, Span 2 2 gcy Ferrogard 901/903 529
Abingdon 2.00+ SBTL, Span 3 1 gcy Rheocrete 222+ 3479
Abingdon 2.00+ SBTL, Span 4 A4 391 12/16/97

Abingdon 2.00+ SBPL, Span 1 4 gcy DCIIPostrite 6506
Abingdon 2.00+ SBPL, Span 2 2 gcy Ferrogard 901/903 708
Abingdon 2.00+ SBPL, Span 3 1 gcy Rheocrete 222+ 6192
Abingdon 2.00+ SBPL, Span 4 A4 111
Marshall 2.02 Span 1, RWPS 2 gcy Ferrogard 901/903 919
Marshall 2.33 Span 1, CLS 2 gcy Ferrogard 901/903 1103
Marshall 2.67 Span 2, RWPS 4 gcy DCI/Postrite 1145
Marshall 2.77 Span 2, CLS 4 gcy DCI/Postrite 2160
Marshall 3.98 Span 3, CLS 1 gcy Rheocrete 222+ 987
Marshall 2.56 Span 3, RWS 1 gcy Rheocrete 222+ 919 9/3/98

Marshall 2.44 Span 1, RWPN A4 396
Marshall 3.00 Span 1, CLN A4 472
Marshall 2.83 Span 2, RWPN A4 644
Marshall 3.08 Span 2, CLN A4 582
Marshall 2.42 Span 3, CLN A4 1070
Marshall 2.73 Span 3, RWPN A4 1286

1-77 Pier Shotcrete N/A -

1-77 Pier Shotcrete w/DCI + Postrite N/A
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