small temperature change and the lack of other irregularities around the point, it would probably
not be classified as a point of significance. Heating Location # 3 would therefore be a good

example of a surface with no apparent problems after inspection.
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Figure 23 — Thermal image and photo of Heating Location # 3
Point 1

Heating Location # 4

Heating Location # 4 was inspected on August 7", 2007 using inspection Method 2. The
inspection position was in Span 14, approximately 3.0 m (10 ft.) west of Pier 14 and 1.5 m (5 ft.)
north of the south column of Pier 14. The surface was heated for a time span of 2:48 (hh:mm).
The top of the heater was placed approximately 107 cm (42 in.) from the heated surface, which
was 4.9 m (16 ft.) above the ground. At this location, the initial ambient temperature was 65.7
°F and the average wind speed was about 1.5 mph, with gusts up to 2.8 mph.

Figure 24 shows a thermal image of Heating Location # 4. Many small irregularities
were detected in this image. An example is at points 1 and 2 in the middle of the image. Point 1
is closer to the heated center than point 2, but it is almost 3 °F cooler. Based on more analysis of
the image with the thermal imaging software, most of the other irregularities were found to be

approximately 2 to 3 °F cooler as well. Since the irregularities are not substantially different in
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terms of temperature, one can conclude that they are just surface marks or areas where a small

amount of concrete has spalled off.
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Figure 24 — Thermal image of Heating Location # 4

Heating Location # 5

Heating Location # 5 was inspected on August 8", 2007 using inspection Method 2. The
inspection position was in Span 14, just west of the expansion joint and 3 m to 4.6 m (10 ft to 15
ft.) east of the north column of Pier 15. The surface was heated for a time span of 2:00 (hh:mm).
The top of the heater was placed approximately 107 cm (42 in.) from the heated surface, which
was 4.6 m (15 ft.) above ground. At this location, the initial ambient temperature was 63.5 °F
and the average wind speed was about 1.7 mph, with gusts up to 2.9 mph.

Figure 25 shows a thermal image of Heating Location # 5. This location was chosen
because of the visible problems on its surface that were apparent from the ground. The thermal

image in Figure 8 is packed with a lot of different types of irregularities, as shown by the great
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differences in color (indicating different temperatures). Irregularities include spalled concrete,
delamination, exposed steel reinforcement (rebar), and poorly consolidated concrete.

Temperature differences in this image reach approximately 15 °F (like points 1 and 2 shown).

3
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0 SNOWS DO a PNoto and termal Image ol Heating Location # 5. This figure is

Figure 25 — Thermal image of Heating Location # 5

helpful because one can see exactly how each area in the photo appears in the thermal image.

An example is the steel reinforcement. It is seen exposed in the photo, and then as a warmer line
in the image, designated by circled area 1 in the figure. Most of the longitudinal rebar can be

traced in a similar manner.
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Figure 26 —Thermal image and photo of Heating Location # 5
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Circled area 2 in Figure 26 shows an interesting irregularity. The area doesn’t display
anything significant in the photo except a small amount of discoloration, but the thermal image
demonstrates inconsistencies in the material in the form of great temperature differences. The
thermal imaging software showed an approximate 5 °F difference between areas within the
circle. This may be due to delamination, poorly consolidated concrete, or another irregularity,
but there is no way to be certain of the specific cause until further tests are completed (either
“sounding” with a hammer, or chipping out the loose concrete). This does, however, reveal that
there may be a problem at this location. There are also a few other areas in the figure that exhibit
similar temperature anomalies.

Heating Location # 6

Heating Location # 6 was inspected on August 8", 2007 using inspection Method 2. The
inspection position was at midspan of Span 17, just west of the expansion joint. The surface was
heated for a time span of 2:00 (hh:mm). The top of the heater was placed approximately 107 cm
(42 in.) from the heated surface, which was 5.4 m (17.6 ft.) above the ground. At this location,
the initial ambient temperature was 65.7 °F and the average wind speed was about 5.6 mph, with
gusts up to 8.7 mph.

Figure 27 shows a thermal image of Heating Location # 6. This inspection did not detect
any irregularities. The concrete surface seems to have no flaws. However, the inspection does
show some of the surface texture characteristics. In the center of the thermal image, for
example, is an area where concrete protrudes a very short distance beyond the flat surface. The
surface feature looks like a line with a downward slope. The thermal image also demonstrates

how very small surface defects can be detected.
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infrared heater was placed inside the box girder and images were taken of the unheated surface.
The top of the heater was placed approximately 61 cm (24 in.) above the heated surface inside
the box girder, and the box girder was 7.2 m (23.5 ft.) above the ground. At this location, the
initial temperature inside the girder was 64.5 °F and there was no wind.

Figure 30 shows a thermal image of Heating Location # 9. There is great thermal
variation in this image with temperature differences between 10°F and 25°F in the middle of the
heated area. With Method 1 heating, irregularities like delamination appear as cool regions
because the images were taken of the unheated surface. At delaminations, heat propagates at a
slower rate than through a section of concrete with no irregularities, and thus a cool spot occurs
on the unheated surface of a delaminated region.

The thermal image in Figure 30 was taken near the end of the heating process, at
approximately 1:55 (hh:mm) after heating began. When heat propagates through a material as in
Method 1, thermal images may still be obtained after the heat input has been removed. Even
with no heat source, the heat already within the concrete will still propagate toward regions of
lower temperature. During this inspection, thermal images were taken for two hours following
the removal of the heat source.

Heating Location # 10

Heating Location # 10 was inspected on August 9", 2007 using inspection Method 2.
The inspection position was in Span 11, just west of the expansion joint and 4.3 m (14 ft.) south
of the north edge of the bridge. The surface was heated for a time span of 1:05 (hh:mm). The
top of the heater was placed approximately 107 cm (42 in.) from the heated surface, which was
7.2 m (23.5 ft.) above the ground. At this location, the initial ambient temperature was 66.9 °F

and the average wind speed was about 0.8 mph, with gusts up to 2.4 mph.
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Figure 30 — Thermal image of Heating Location # 9

Figure 31 shows a thermal image and photo of Heating Location # 10. This image
exhibits a lot of temperature variation. An example exists with points 1 and 2 on the right side of
the image. Point 1 is located on a cool spot at 77.9 °F, while just a few inches above, point 2 is
warmer at 95.9 °F. This is a temperature difference of 18 °F. There are more variations like this
throughout the image, thus irregularities are present. Also, around the edges of the heated area,
small regions of elevated temperature are visible in the thermal image. They show
inconsistencies in the concrete surface. When looking at both the thermal image and the photo, it

appears that temperature variations occur where visual discoloration is present.

51



110

100

74.8°F

Figure 31 — Thermal image and photo of Heating Location # 10

Heating Location # 11

Heating Location # 11 was inspected on August 9", 2007 using inspection Method 2.

The inspection position was in Span 11, approximately 4 m (13 ft.) from the north edge of the
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bridge and 1.8 m (6 ft.) west of the northern-most access hatch. The surface was heated for a
time span of 0:40 (hh:mm). The top of the heater was placed approximately 107 cm (42 in.)
from the heated surface, which was 7.2 m (23.5 ft.) above the ground. At this location, the initial
ambient temperature was 70.4 °F and the average wind speed was about 0.9 mph, with gusts up
to 2.3 mph. Images obtained during this inspection were taken from the same platform that the
infrared heater rested on. The camera was located approximately 3 m (10 ft.) west of the
infrared heater, so images were taken at an angle to the heated surface.

Figure 32 shows a thermal image and photo of Heating Location # 11 that were taken
approximately 10 minutes after heating began. Visible flaws were present on the heated surface
and temperature differences between warm and cool areas were approximately 7 °F. The
thermal image shows that not much heat time is needed to detect surface irregularities and obtain
a significant temperature variation. Figure 32 also shows what looks like spalled concrete
(denoted by circle 1) and an area of delamination (denoted by circle 2).

Figure 33 shows a thermal image of Heating Location # 11 taken approximately 40
minutes after heating commenced. When comparing Figures 32 and 33, it is evident that a lot of
surface detail was lost as the heating time increased. This is likely due to the camera’s automatic
adjustment to a broader temperature range. Broader temperature ranges result in less detailed

images.
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Figure 32 — Thermal image and photo of Heating Location # 11
approximately 10 minutes after heating began
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Figure 33 — Thermal image of Heating Location # 11
Conclusions approximately 40 minutes after heating began
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The main conclusion drawn from Field Inspection 1 was that defects in near-surface
locations can be detected using thermal imaging. The numerous heating locations inspected
using both inspection Method 1 and Method 2 show flaws such as delamination, poorly
consolidated concrete, exposed rebar, and air voids. The flaws detected occasionally mimicked
what was seen visually, as with Heating Location # 5 (exposed rebar). However, some of the
flaws detected in thermal images were not detectable from visual inspection alone. Most of the
heating locations were actually chosen based on visual inspections beforehand, or based on
thermal images taken under ambient conditions.

The thermal images indicated temperature differences up to 25 °F between areas that
were usually less than 7.5 to 10 cm (6 to 8 in.) apart. Areas close together like this should have
almost identical temperatures because they receive similar heat intensity. The temperature
differences show up well in the thermal images, especially if a narrow temperature range for the
image can be used (appropriate ranges depend on actual surface temperatures recorded on the
thermal image). Also, as with Heating Location # 11, not much heat time is needed to produce
an image showing near-surface flaws. Figures 32 and 33 show images taken after only 10
minutes and 40 minutes, respectively, and the irregularities are easily discernable from the

concrete around them.
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Part 11-B: Thermal Imaging Inspection of Bridge 5/537E-N, Spokane Street/I-5
Interchange, in Seattle, WA
Location: Spokane Street/I-5 Interchange, Seattle, WA
Dates: August 13 — 14, 2007
Objectives

The objective of this field inspection was to determine whether thermal imaging may be
helpful in assessing discolored regions on the bottom surface of a precast concrete box girder
bridge crossing over the northbound lanes of 1-5 near the Spokane Street exit in Seattle, WA.
The bridge is labeled 5/537E-N by WSDOT. This area was designated a possible problem
region based on excessive leaching on the bottom surface of the box girder.

Inspection Procedures

Inspection Method 1 involved placing the heater on four masonry blocks inside the box
girder, heating the floor surface, and taking thermal images of the unheated surface beneath the
box girder throughout the heating process. Inspection Method 2 entailed heating the exterior
bottom surface of the box girder and taking thermal images of that same heated surface after
heating was concluded.

Before any inspections took place, thermal images of the bottom surface of the box girder
under ambient conditions were analyzed to see if problem areas could be identified. Figure 34
shows a thermal image of the bridge under ambient conditions that encompasses most of Span 4.
This thermal image displays the access hatches used during one inspection (Heating Location #
2). However, it does not reveal any specific problem areas. Without thermal identification to
locate problem areas, visual analysis was used, in conjunction with access limitations, to

determine heating locations. The positioning limits were based on access provided by WSDOT
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lane closures on I-5. Two inspections were conducted, one using Method 1 and the other using
Method 2. The two heating locations were chosen based on what regions presented the most
visible irregularities. It is important to note that inspection of this box girder bridge took place at
night. Setup started around 10:00 pm on August 13", and the final inspection ended at about

2:00 am on August 14", for a total inspection time of four hours.

Figure 34 — Thermal image of Bridge 5/537E-N under ambient conditions
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Heating Location #1

Heating Location # 1 was inspected on August 13", 2007 using inspection Method 2.
The inspection position was in Span 4, just west of Pier 3. The surface was heated for a time
span of 0:40 (hh:mm). The top of the heater was placed approximately 107 cm (42 in.) below
the heated surface. This region was chosen due to the extensive leaching on its surface, as
displayed in Figure 35. The leaching shows up as the white area stretching across the photo and

encircled by the orange line.

Leaching

Figure 35 — Photo of Heating Location # 1 with extensive discoloration due to leaching
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With this inspection, thermal images were taken throughout the heating process. The
camera was placed on the lift platform approximately 3 m (10 ft.) to one side of the heater.
Figure 36 shows two thermal images side by side that were taken approximately four minutes
after heating began. The circled region demonstrates that after a fairly short heat time, surface
characteristics and flaws were visible in thermal images. There were also other visible

irregularities in the middle of the figure.

Flaw

99.7°F

Figure 36 — Thermal images of Heating Location # 1, side by side

The thermal images in Figure 36 were taken in order to help locate areas that, with
further heat input, might reveal subsurface flaws. The circled region shows what looks like a
flaw, so the heater was moved so that its center was directly underneath this region, and then
heating commenced again. From here, thermal images were taken every two minutes. Figure 37
shows a typical image progression during heating, or what one would see from the camera

display. Figure 38 shows a single image from the progression.
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Figure 38 — Thermal image of Heating Location # 1 at middle of time interval
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Heating Location # 1 was a very important inspection because, after heating was stopped,
the surface was examined with a rock hammer. Tapping confirmed what was seen in the thermal
images. A WSDOT inspector tapped part of the surface that had no apparent flaws (either
visually or thermally) and then tapped at suspected flaw locations. Sound differences were
easily discernable between the two locations, and then the pick end of the hammer was used to
remove surface concrete and excavate the flaw. Delamination and poorly consolidated concrete
(small air voids) were discovered. Figure 39 shows a thermal image of a WSDOT employee
excavating the delaminated concrete at the flaw location shortly after thermal imaging

inspection. This was the first inspection location where flaws discovered thermally were

confirmed using physical means (tapping and excavation).

Figure 39 — Thermal image of Heating Location # 1: excavating a detected flaw
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Heating Location # 2

Heating Location # 2 was inspected on August 14", 2007 using inspection Method 1.
The inspection position was in Span 4 inside the box girder from the south access hatch. The
surface was heated for a time span of 1:15 (hh:mm). The heater was placed inside the box girder
on four masonry blocks, approximately 61 cm (24 in.) from the heated surface. This region was
chosen due to extensive leaching on the exterior surface. Further inspection of the box girder
interior revealed a very moist environment, which suggests that drainage water often
accumulates (most likely in low spots where water cannot drain).

Thermal images from Heating Location # 2 do not reveal anything about the leaching or
the unheated surface. Steel reinforcement inside the concrete is the only thing shown in the
images. Figure 40 is comprised of two thermal images that show the reinforcing steel as cool

lines between warmer regions. There is one hot spot, which is located inside the circled region

in both thermal images.

107.4°F

Figure 40 — Thermal images of Heating Location # 2
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Conclusions

Field Inspection 2, conducted at an I-5 overpass (Bridge 5/537E-N) in Seattle, WA, was
very successful because what was detected with thermal imaging was confirmed by “tapping”
and excavation of the heated surface (at Heating Location # 1). The thermal images (Figures 36
and 38) suggested some sort of flaw (hypothesized as delamination), which was then verified by
a WSDOT employee using a rock hammer to excavate the flaw. These inspections also
confirmed that flaws can be visible in thermal images after only about 10 minutes of heat input

(such as at Heating Location # 1).
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Part 11-C: Thermal Imaging Inspection of Pear| Street Overpass on State Route 16 in

Tacoma, WA

Location: State Route 16, Pearl Street Overpass, Tacoma, WA
Dates: August 14 — 15, 2007

Objectives

The objective of this field inspection was to determine whether thermal imaging may be
helpful in locating embedded tendons and detecting internal voids in the vertical webs of a
precast, post-tensioned (PT) concrete box girder on State Route 16 (crossing over Pearl Street) in
Tacoma, WA. This bridge was inspected because grouting problems had been reported during
construction. The idea was to use thermal imaging to detect any air voids present inside the post-
tensioning ducts. Improperly grouted ducts that contain air voids could lead to corrosion of the
steel tendons if moisture is allowed to accumulate in the system.

Inspection Procedures

The Pearl Street overpass presented a different type of thermal imaging inspection than in
Field Inspections 1 and 2. Investigating post-tensioning ducts located in the bridge web
(interior) and wall (exterior) was the main focus for the Pearl Street overpass. The web and wall
were each 30 cm (12 in.) thick. Therefore longer heat times had to be implemented than in
previous field inspections. Each web or wall had three PT-ducts running longitudinally through
the box girder, and their position varied vertically along the span. Access to only one chamber

inside the box girder was provided. Also, both inspection Method 1 and 2 were used.
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Heating Location # 1

Heating Location # 1 was inspected on August 14", 2007 using inspection Method 2.
Figure 41 shows the inspection point of the interior web inside the box girder, which was located
approximately at the midspan of the bridge, 12.2 m (40 ft.) from the edge of the access hatch.
The surface was heated for a total time of 3:00 (hh:mm). This location entailed orienting the
heater horizontally (so that the longer edge of the heater ran longitudinally along the box girder)
on masonry blocks to raise the heater above the floor. The heater was approximately 61 cm (24
in.) from the heated surface and thermal images were obtained both during heating and for one
hour afterward. During heating, the infrared camera was situated to the side of the heater and

angled toward the heated surface.

Figure 41 — Photo of Heating Location # 1
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Figure 42 shows a thermal image of Heating Location # 1 taken approximately 30 minutes after
heating commenced. This image illustrates the state of the concrete surface and its
characteristics. A few hot and cool spots can be seen, but this image primarily reveals surface

characteristics of the concrete.

Figure 42 — Thermal image of Heating Location # 1 (30 minutes after heating began)

The next two thermal images, shown in Figure 43, do not reveal anything regarding
materials embedded in the concrete box girder web. The first image on the left was taken after
2:55 (hh:mm) of heating. The second image on the right was taken after the camera was moved
directly in front of the heated surface, about 0:45 (hh:mm) after heating ended. None of the PT-
ducts are visiblbe in any of the thermal images, which indicates a couple of different things.
First, three hours of heat input may not be enough to provide thermal images showing PT-ducts

embedded in 30 cm (12 in.) thick concrete. Second, it is likely that the inspection setup was not
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ideal for detecting the ducts. Inspection Method 2 involves taking thermal images from the same
side as the heat input, and specimen inspections conducted in the lab indicated that Method 2
does not yield images showing inner-surface characteristics. Also, due to the confined area
inside the box girder, the camera could not be placed as far from the heated surface as desired.
Thus the camera lens could not capture the entire heated surface area. Unfortunately, since

access to the opposite face of the box girder web was not available, Inspection Method 2 was the

only option available.

180.3°F 125.1°F

Figure 43 —Thermal images of Heating Location # 1:
a) after 2:55 (hh:mm) of heating (left)
b) 0:45 (hh:mm) after heating stopped (right)

Heating Location # 2

Heating location # 2 was inspected on August 15", 2007 using inspection Methods 1 and
2. The inspection point was located approximately 3.9 m (12.7 ft.) from the edge of the access
hatch to the center line of the heater. This inspection investigated the outer wall of the box
girder, where the surface was heated for a total heat time of 5:00 (hh:mm). The heater was
oriented vertically (i.e., the longer edge of the heater was vertical). The front of the heater was

positioned parallel to the wall, approximately 35.5 cm (14 in.) from the interior wall surface.
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The heater was not elevated, so both the box girder wall and floor were heated, as shown in
Figure 44. Thermal images were obtained both during heating and for 40 minutes after heating

ended.
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Figure 44 — Thermal image of Heating Location # 2 showing heater setup

The inspection setup for this location allowed for two kinds of thermal images to be
obtained. The first kind of image was of the unheated surface, taken from ground level outside
the box girder (Method 1). Due to the large distance from the camera to the surface, images had
less detail and a large viewing window. Figure 45 shows one such image taken about three hours
after heating began. From the image, one can see that the heated surface (wall) was not as warm
as the floor of the box girder. This is due to the fact that the wall is thicker than the floor (12 in.
versus 8 in.), and it takes longer for heat to propagate through thicker concrete. After only three
hours of heat input, there were no PT-ducts or flaws visible in the thermal image. In Figure 45,

circled area 1 shows the floor, while circled area 2 shows the wall of the box girder. Thermal
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images taken of the unheated surface after five hours of heating did not reveal the PT-ducts in

the box girder wall.

103.8°F

70.6°F

Figure 45 — Thermal image of Heating Location # 2 taken of the unheated surface

Images of the heated surface were also obtained from inside the box girder after heating
ended. Figure 46 displays one such image where surface characteristics are visible. However, as
with Figures 44 and 45, the image does not show any PT-ducts. The flaws shown are mostly
surface irregularities and small surface voids. Points 1 and 2 in Figure 46 show a temperature

difference of approximately 24 °F in a span of only a few inches.
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Figure 46 — Thermal image of Heating Location # 2 taken of the heated surface

Conclusions

Field Inspection 2, conducted on a box girder bridge crossing over Pearl Street in
Tacoma, WA, was a useful inspection in terms of defining thermal imaging limits. Neither
heating location (inside web or outside wall) produced thermal images showing post-tensioning
ducts (the initial goal). Heating Location # 1 suggested that taking images from the heated
surface is not ideal for locating internal concrete attributes or flaws. Also, the web was 30 cm
(12 in.) thick, which presents the test setup with more problems. Thicker concrete provides a
larger heat sink for dissipating the input energy, which makes it difficult to obtain a sufficiently
high temperature gradient from the heated surface to the unheated surface.

Heating Location # 2 used through-heating for five hours, but did not result in any
thermal images showing PT-duct or other internal concrete characteristics. One reason is that the
thermal camera was much farther away from the unheated surface than in any other inspections

(conducted in the field or the lab) due to the height of the bridge above ground. An increased
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distance also increases the thermal range that the camera reads, therefore making it more difficult
to detect smaller temperature differences on the surface. Also, edge effects may have affected
the results in terms of heat energy dissipation. In the lab, specimen edges and ends were covered
with two layers of insulation to help keep the heat energy within the specimen. In the field,
however, the heat not only propagates through the concrete thickness, but also along the length
and height of the box girder wall. The temperature gradient is reduced, resulting in thermal

images that do not reveal internal conditions of the concrete.
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Part 11-D: Ground-Penetrating Radar (GPR) Inspection of 1-405 Entry/Exit Ramp Bridge

Deck in Kirkland, WA.

Location: [-405 Entry/Exit Ramp, Kirkland, WA
Dates: September 28 — 29, 2007
Objectives

The objectives of this field inspection were to demonstrate the effectiveness of ground-
penetrating radar (GPR) inspection for locating transverse tendons and plastic ducts in post-
tensioned bridge decks, and investigate whether internal voids were present in any of the plastic
ducts. This specific bridge deck was inspected because grouting problems had been reported in
four of the ducts during construction in June and July, 2007. Improperly grouted ducts that
contain air voids could lead to corrosion of the steel tendons if moisture is allowed to accumulate
in the system.

Inspection Procedures

The post-tensioned bridge deck consisted of six concrete slabs (Slabs A, B, C, D1, D2,
and E) that were constructed during June-August 2007. Grouting problems had been reported
for four transverse ducts in three of the concrete slabs. The dates of concrete placement for each
of the slabs were: Slab B — July 6, 2007; Slab C — June 28, 2007; Slab D1 — July 31, 2007. The
entry/exit ramp traffic lanes were oriented to accommodate vehicular traffic traveling north/south
on 1-405.

GPR inspections were scheduled for September 28-29, 2007, approximately one week
prior to opening the 1-405 entry/exit ramp to traffic. Inspections of the east lane (I-405 entry
ramp) were conducted on September 28. Inspections of the west lane (1-405 exit ramp) were

conducted on September 29. GPR Linescan inspections were used to initially locate the tendons
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and ducts embedded in the concrete deck. Then GPR Structurescan inspections were conducted
at multiple locations for each of the ducts. A summary of GPR inspection locations is provided

in Table 5.

Table 4 — GPR inspection locations for 1-405 entry/exit ramp bridge deck

Duct Traffic Lane | GPR Inspection Locations
Locations | Locations

East lane Eight (8) locations, beginning at sidewalk curb (east edge of

Slab B bridge deck) and progressing westward toward median

between traffic lanes

Ducts 19 West lane Eight (8) locations, beginning at sidewalk curb (west edge
and 51 of bridge deck) and progressing eastward toward median

between traffic lanes

East lane Nine (9) locations, beginning at east edge of bridge deck

Slab C and progressing westward toward median between traffic
lanes
Duct 77 West lane Nine (9) locations, beginning at sidewalk curb (west edge of

bridge deck) and progressing eastward toward median
between traffic lanes

Slab D1 East lane Three (3) locations, beginning at east edge of bridge deck
and progressing westward toward median between traffic
Duct 45 lanes

Results

Since the concrete was relatively “green” (concrete cure time less than three months) at
the time of GPR inspection, tendons and ducts could only be detected to depths of approximately
25 cm (10 in.) in the concrete deck. Furthermore, concrete sidewalks had been recently placed
on top of the deck at the edges of the bridge deck, thus completely obscuring the presence of
tendons and ducts directly beneath the sidewalks. (Note that subsequent GPR inspections of the
regions below sidewalks could be scheduled for a later date, after the concrete has cured and
moisture content has been reduced to an acceptable level for successful GPR inspection.)

As with previous GPR inspections of concrete specimens at WSU (Conner 2004), both

the longitudinal steel rebar and the transverse steel rebar were clearly visible in GPR images of
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the bridge deck. Steel tendons were also readily detected at all inspection locations, for concrete
depths up to 25 cm (10 in.). The tendons were clearly visible in GPR Structurscan images, as

illustrated in Figure 47. None of the GPR images revealed air voids within the plastic ducts.

Figure 47 — GPR image of steel tendons in Ducts 19 and 51 (Slab B) at a depth of 19.3 cm (7.6
in.) below the surface of the concrete deck.
Conclusions

Steel tendons in plastic ducts embedded in prestressed concrete members were clearly
visible in GPR images at various depths up to 25 cm (10 in.) If concrete is allowed to cure for
six months or more prior to GPR inspection, it may be possible to detect tendons and plastic
ducts at depths of approximately 41 cm (16 in.). Although none of the GPR images from this
bridge inspection revealed air voids in the plastic ducts, laboratory studies indicate that air voids
located between steel tendons and a GPR antenna can be successfully detected.
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