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Using Infrared Thermography to Detect Damage
in Concrete Bridges
by Glenn A.Washer*
Infrared imaging is increasingly
used in many industrial applications
such as roof inspection, home
inspections and to detect
discontinuities in composite
materials. This technology has
traditionally been applied to
concrete bridge decks, which are
exposed to direct sunshine (solar
loading) that provides a driving
force for the heat transfer
necessary for thermal inspections.
New research, however, explores
the application of infrared
thermography to the soffit or
underside areas of a bridge where
there is no solar loading.
Need for New Technologies
Reinforced concrete is a ubiquitous
material for the construction of the
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nearly 600,000 bridges along the
highways and roadways across the
United States. These bridges are a
critical element of the highway
infrastructure that supports the
efficient transportation of goods
and people necessary for economic
growth. As bridges age, effective

New research, however,
explores the application of
infrared thermography to the
soffit or underside areas of a
bridge where there is no
solar loading.
condition assessment to identify
repair and maintenance needs
grows in importance. For most
bridges, current inspection
requirements include performing a
routine inspection every
24 months. Though specific
practices vary by state, this
inspection generally consists of a

visual assessment of the primary
components of the bridge. New
technologies, including
nondestructive testing technologies
like infrared thermography are
needed to enhance these routine
inspections and to support the
effective condition assessment of
this critical infrastructure.
Corrosion of Reinforcing Steel
The primary deterioration mode
effecting reinforced concrete is the
damage resulting from corrosion of
the reinforcing steel embedded in
the concrete. As concrete ages, the
intrusion of moisture and
corrosive agents into the concrete
leads to corrosion of the
reinforcing steel. As the steel
corrodes, it is converted to iron
oxides and expands, imparting
tensile stresses in the surrounding
concrete. These tensile stresses
FOCUS continued on page 2.
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Glenn Washer’s article, “Using Infrared Thermography to
Detect Damage in Concrete Bridges” describes infrared

thermography as a useful tool for detecting subsurface damage
in concrete, particularly the delaminations that result when
embedded rebar corrodes. Typically applied to solar exposed
surfaces, this article also describes the application of IR
imaging to shaded surfaces such as
bridge soffits.
In our “Practitioner Profile,”
Lanona Mathis describes how NDT
training obtained in military service
has translated into a busy NDT career
in commercial aviation.
Bruce Crouse provides us with
insight into some common mistakes
made by inspectors during NDT audits.
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result in cracking at the level of the embedded steel,
typically 3.8 to 7.6 cm (1.5 to 3 in.) below the surface
of the concrete as shown in Fig. 1. As the corrosion
progresses, subsurface cracking can propagate
horizontally between reinforcing bars, resulting in
delaminations in the concrete. Delaminations are cracks
parallel to the surface of the concrete and typically
occur at the level of the reinforcing steel. These
subsurface delaminations cannot be seen during a
typical visual inspection. As this deterioration
progresses further, the subsurface cracking can lead to
spalling of the concrete. Spalling further exposes the
embedded steel directly to the environment, accelerating
the rate of deterioration. For bridge decks, this spalling
manifests as potholes in the deck that reduce its
drivability. When occurring in the soffit of overpass
bridges that span roadways, spalling can be a hazard to
motorists driving on the roadway below. Detection of
this type of deterioration in its early stages, before
spalling develops, is important for identifying repair
needs and maintaining the safety and serviceability of
concrete bridge components.
The most commonly applied method for detecting
subsurface delaminations is hammer sounding, which
detects delaminations by the hollow tone produced
when a hammer is impacted on the surface. A
significant advantage of this approach is that the
testing is low cost, simple and easily applied to any
concrete surface; the primary disadvantage is that
hands-on access to the surface being inspected is
required. This may require specialized access equipment
to reach all portions of a bridge for inspection, a costly
and time-consuming option. In the case of bridge
decks, this may require lane closures that disrupt traffic.
Thermal imaging provides a tool with the potential to
detect these delaminations more efficiently, because
surfaces can be imaged from a distance, reducing the
need for access equipment and lane closures.
Basic Principles of Thermal Imaging
The basic principle behind the thermographic
inspection of concrete is that the flow of heat through
concrete is disrupted by the presence of a subsurface
delamination. The disruption in heat flow can manifest
as a variation in temperature at the surface of the
material. The infrared camera detects the emitted
infrared radiation from the surface, which varies
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according to the Stefan-Boltzmann
equation:
E = εs T 4

Eq. 1

Where E is the radiation (W· m–2),
s is the Stefan-Boltzmann
constant, T is the temperature (K),
and ε is the emissivity. A material’s
emissivity is the ability of its
surface to emit energy by radiation
relative to a black body. For
concrete, this property is typically
greater than 0.9. Other materials
that might be present on the
surface of the concrete, such as
staining, water, lane markings or
debris can have different emissivity
properties than the concrete,
resulting in apparent temperature
variations in the image that can
mask the thermal anomalies created
by the delamination.
When the temperature of the
material is increasing, such as
during the daytime when the sun
and ambient environment (air
temperature) are heating the
material, the surface area above a
subsurface delamination warms at a
faster rate than surface areas where
the concrete is intact. This can be
detected as a “hot spot” on the
surface of the material (Fig. 1).
During the nighttime; when air
temperatures are falling and the
material is cooling, the surface area

above the delamination cools at a
faster rate than the intact concrete
and appear as cold spot relative to
the intact concrete. Discontinuities
are usually detected by a qualitative
assessment of the thermal image to
determine areas in the image that
appear to have a thermal contrast
compared with areas that are intact,
that is to say, hot or cold spots. The
magnitude of the thermal contrast
for a subsurface indication varies
with depth such that a delamination
near the surface typically creates a
larger contrast than a deeper
delamination, for the same
environmental conditions.
However, for the case of bridges
exposed to diurnal temperature and
solar loading effects, this can vary
over the course of a day, with
certain time periods having deeper
delaminations presenting greater
contrast than more shallow features.
Necessary Environmental
Conditions
Traditionally, thermography has
been applied to bridge decks during
the daytime, when radiant heating
from the sun (solar loading),
induces significant thermal
gradients in the concrete. ASTM
D4788-03 Standard Test Method for
Detecting Delaminations in Bridge
Decks Using Infrared Thermography
Deck delamination
3.8 to 7.6 cm
(1.5 to 3 in.)
typical

IR energy

Reinforcing bars

Soffit delamination

Figure 1. Diagram of infrared energy emitted from deck and soffit
delaminations in concrete.

describes certain environmental
conditions necessary for
conducting these inspections.1
Conditions described in this
standard include having at least
three hours of direct sunshine and
a wind velocity of less than
13.4 m/s (30 mph) for inspections
conducted in the summer months.
Removal of any debris or materials
with differing thermal properties
on the deck that may mask the
condition of the deck or appear on
the thermal images as anomalies is
recommended. For this application,
cameras are typically mounted on
vehicles so that the inspection of
the entire deck can be conducted
rapidly. These cameras can also be
used as hand held devices that can
be easily incorporated into routine
inspection activities.
Temperature variations that
typically occur over the course of a
day can also induce thermal
gradients in the concrete that are
needed to detect subsurface
delaminations. For example, areas
such as bridge soffits that are never
exposed to direct sunshine will
warm over the course of the day
through convective heating if the
temperature increase is sufficient.
Though the temperature contrasts
are smaller than those for solar
exposed surfaces, subsurface
delaminations can be imaged. This
application of infrared imaging is
much less common than for solar
exposed surfaces and is the subject
of current research.
Figure 2 shows an illustration of
the development of thermal
contrast for a concrete surface
exposed to direct solar loading
(sunshine). This figure shows the
behavior over a 24 hour time
FOCUS continued on page 4.
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shallow targets, as the heat from
the sun propagates through the
concrete block and is followed by
the cooling ambient temperature of
the late afternoon. During the
overnight time period, thermal
contrasts are negative. Thermal
contrasts shown in this figure are
significantly larger than those that
would be expected from a real
delamination, because the
polystyrene foam target is an
idealized model of the
delamination. In the field, real
delaminations have contrast with
intact concrete on the order of
only a few degrees; ASTM
D4788-03 suggests that at least
0.5 °C (~1°F) is necessary to detect
delaminations in a bridge deck.

FOCUS continued from page 3.

period of three different
polystyrene foam targets embedded
2.5, 5.1 and 7.6 cm (1, 2 and 3 in.)
deep in a concrete block exposed
to direct solar loading. The figure
shows the thermal contrast for
each of the targets, relative to
intact concrete. This is determined
by the temperatures shown in
infrared images captured at
10 minute intervals throughout the
24 hour time period. The solar
loading, measured in W· m–2, is
shown on the vertical axis on the
right hand side. As shown in the
figure, the thermal contrast that
develops for each target generally
follows the pattern of solar
loading, though with a delay that
increases as the depth of the target
increases. You should also note that
the maximum thermal contrast is
diminished as the depth of the
target increases. It is also
interesting to note that late in the
day, the thermal contrast for the
deeper targets are actually larger
than the contrast of the more

Examples
An image of a small delamination
in a concrete bridge deck captured
by a hand held camera is shown in
Fig. 3. The delamination appears as
a hot spot in the image. This image
was collected by an inspector
standing on the bridge deck. The
feet of the inspector can be seen in

20 (68)

400

Solar loading

300
2.5 cm (1 in.)
10 (50)

200

5.1 cm (2 in.)
100

5 (41)

7.6 cm (3 in.)
0
–100

0 (32)

Solar load (W·m–2)

Thermal contrast, ºC (ºF)

15 (59)

500

–200
–5 (23)
0:00

the image. Also shown is a steel
rod used to sound the deck to
confirm the delamination shown. A
joint in the concrete also appears in
the image. Hand held cameras
allow infrared thermography to be
used as part of routine inspection.
The surface of a deck can be
imaged from the shoulder without
disrupting traffic flow. Results can
be confirmed with hammer
sounding though this may require
lane closure. The camera used to
collect the image in Fig. 3 is a
commercially available thermal
camera designed for use in building
inspections. Wide angles lenses are
sometimes used when images are
captured from a standing position,
to image a larger area of concrete
and to improve interpretation of
the image.
Application of infrared
thermography to a bridge soffit is
shown in Fig. 4. In this case, the
delamination is a large area of
delaminated concrete in an inner
bay of the multi-beam bridge. The
infrared image (Fig. 4b) was
collected at 10:21 a.m., during the
warming cycle of the environment
surrounding the bridge. On this
day, the ambient temperature was
increasing rapidly, more than 8.3 ºC
(15 °F) in the hours between
sunrise and when the image was
taken, providing a strong thermal
36.1ºC (96.9ºF)

41.5ºC (106.7ºF)

–300
4:00

8:00

12:00

16:00

20:00

0:00

Time
Figure 2. Thermal contrasts for polystyrene foam targets at depths of
2.5 cm (1 in.), 5.1 cm (2 in.), and 7.6 cm (3 in.) in concrete, for conditions
exposed to radiant heating from the sun.
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43.93ºC
(111.1ºF)

36.1ºC
(96.9ºF)

Figure 3. Infrared image of
delamination in bridge deck.

driver to develop thermal contrasts
for the delamination. The visual
image of the area of the bridge is
shown in Fig. 4a. This area of
delamination was confirmed with
hammer sounding, though this
required a lane closure of the
highway below to enable a
personnel lift to be used to access
the soffit of the deck.
Conclusion
Infrared thermography has the
potential to be a useful tool for the
inspection of highway bridges for
detecting subsurface damage.
Traditionally, the technology has

been applied to concrete bridge
decks, often using vehicle-mounted
infrared cameras to make the
evaluation more rapid and reduce
the effects on traffic. Hand held
cameras can also be used by
inspectors to survey a bridge
during routine visual inspections.
There is the potential to greatly
broaden the application of infrared
thermography for use in routine
inspection for surveying bridges to
identify subsurface damage that
cannot be observed by visual
inspection. Suitable infrared
cameras are available from a
number of commercial resources;

(a)

this equipment is generally
field-hardened, and cost of the
cameras has been diminishing in
recent years. Research conducted at
the University of Missouri has
explored the environmental
conditions necessary for detection
of subsurface damage, for both
solar exposed surface and shaded
surfaces. The data and examples
presented here were developed as
part of that research.
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PRACTITIONER PROFILE

L

Lanona Mathis
Lanona Mathis originally planned to be a physical therapist in
the U.S. Air Force but aptitude testing destined her for a career in
NDT. She served four years of active duty both here in the U.S.
and abroad. Subsequent to that, she joined the U.S. Air Force
Reserves and now, in addition to a very busy civilian NDT career,
she’s still testing military aircraft as a member of the Air National
Guard. Lanona points out that her military NDT training and
experience provided her with a sound basis for her civilian NDT
career.
Q: How did you get started in nondestructive testing?
A: I joined the U.S. Air Force when I was 21. My plan was to
be a physical therapist. However, when you join the
military you're required to take the ASVAB [Armed
Services Vocational Aptitude Battery] test and, based on
my scores, the air force decided to put me into NDT. In
the beginning, I didn't want to do NDT but I stuck with it
and now I enjoy it. I've been doing NDT now for
14 years.

Everyone in aviation
is aware of NDT and
they know that they
need you.

Q: What kind of NDT training did you receive in the military?
A: I went through a 10-week NDT training course at a
technical training center in Millington, Tennessee. From
there, I was sent to Barksdale Air Force Base in Louisiana
where I did four years of active duty. I was inspecting
A-10 fighter jets, B-52 bombers, and aerospace ground
equipment.
Q: How were you certified for different levels?
A: After completing an initial 10 weeks of training, you’re a
3 level. Once you reach your assigned base, you're
essentially training on the job and then you test again.
Basically, you're taking two tests, one in school and then
another that is like a correspondence course that you take
within a year of when you get to your assigned base. That
puts you up to a 5 level. As you continue to gain
experience, the air force will send you to 7 level school. I
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have my 7 level military and, of course, I'm a Level II for
my civilian job.
Q: After completing active duty, you joined the U.S. Air Force
Reserves. Subsequent to that, you joined the Air National
Guard. What types of military aircraft do you inspect there?
A: I inspect cargo aircraft such as the C130, the C17 and the
C141. I also inspect H60 helicopters. If I inspect other
aircraft, I have to be signed off. For example, if I go to a
fighter base, I can't do NDT on that fighter unless I'm
signed off on it. Basically, they do a little on-the-job
training on you. Once you get familiar with the aircraft,
you’re able to go and work freely. The basis of NDT is
that wherever you go, it's the same — it's just getting to
know the airframe, the aircraft that you're going to
inspect. You know how to do the NDT, you know how to
read the procedure and you just do the inspection.
Q: What NDT methods do you use to inspect military aircraft?
A: PT, MT, UT, ET, RT and VT. We also do spectrometric
oil analysis where we put oil samples through a unit that
sends an arc through them. You're actually burning the
oil. The unit calculates in parts per million how much
wear metal is in the oil. Based on the combination of
metals that show up, you can just about judge which
component of the engine is going into failure before it
actually happens.
Q: Was the transition from performing NDT in the military to
performing NDT in private industry difficult?
A: No, it wasn't. I was at Barksdale Air Force Base in
Louisiana and transferring to the U.S. Air Force Reserves.
I just put my resume out there and an employer called me.
So, I moved to Dallas and worked there for about a year
as a Level II using penetrant and mag to inspect Rolls
Royce engines. They were completely broken down —
lots of little small parts. My NDT training from the
military carried me through. The only thing they had to
really train me on was to identify the different engine
components and how to do the paperwork. I had to be
able to identify each of those parts and there were a lot of
them. From there, I went to work for a company
inspecting corporate aircraft. I worked for that employer
from 2001 to 2005. I eventually became the NDI lead
there and I ran the lab up until the time that I left.
Q: Can you tell us about your responsibilities for your current
employer?
A: I was recently promoted to lead technician. I'm a Level II
performing PT, MT, UT, ET, RT and VT on corporate

jets. I also train new technicians and I have some
customer service and shop operation functions.
Q: Can you describe your typical workweek for us?
A: I travel quite a bit from city to city, mainly in the upper
East coast. I travel in my vehicle to a customer who has a
private jet or helicopter located at an airport. When
traveling by myself, the majority of the inspections that I
do are eddy current, ultrasound, penetrant and mag.
However, when there's an X-ray job, we have to have two
people. So, at least once a month, I travel with two or
three technicians in a mobile X-ray truck to perform RT.
That may be at a customer's private facility or at an
aircraft manufacturer's service center. Yesterday, I went
from Newburgh, NY back to Long
Island. Then I turned around to go
to Oxford, CT. Today I'm near
Poughkeepsie, NY.

also had a lot of good ones that make you feel right at
home.
Q: How would you advise someone considering an NDT career?
A: If they want to start out in NDT, the best start is in the
military. Start in the military and get at least four years
experience. That's what most companies ask for. I would
tell them that NDT is a good career field to get into.
Everyone in aviation is aware of NDT and they know
that they need you. They will call around the planet to get
you to come and do their inspections so they can fly.
Lanona Mathis can be reached by phone at (214) 517-9779
or by e-mail at <sts_lanona@hotmail.com>.

Q: What kind of indications are you
usually looking for?
A: Usually, we’re looking for cracks and
corrosion in the aircraft. Today, for
example, I used eddy current to look
for surface cracks around the
cockpit side windows. High
frequency eddy current looks for
cracks on the surface. Low
frequency eddy current is used to
look for subsurface cracks in the
second layer. When the skin is put
on, there's still another structure
behind it. The only way to see if
that structure in the second layer is
cracked is to possibly do X-ray. But,
with X-ray, they've got to gut the
plane, plus, there's the risk of
personnel exposure and you have to
clear the hangar out. So low
frequency eddy current testing is
used. The majority of the
inspections that we do are eddy
current, followed by UT and RT,
and then PT and MT.
Q: What materials are you testing?
A: Aluminum, titanium, steel — most
often aluminum. Sometimes we do
bond tests of composite structures
but that's not often.
Q: What's the worst part of your job?
A: The worst part has to be the travel.
It makes it hard to have a personal
life. Some jobs are a one-day
turnaround but, on average, I'm
traveling 25 days out of the month.
Q: What's the best part of your job?
A: The best part of my job is meeting
new people. Trust me, I've had
some difficult customers but, I've
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INSIGHT

What to Do During an Audit

N

NDT audits are increasingly prevalent in all sectors of
nondestructive testing, and as the need for audits has
increased, so have the training and requirements for
auditors. In addition to a thorough understanding of the
processes they are witnessing, today's auditor must also have
the necessary auditing skills. Among the duties of an NDT
auditor are the review of NDT procedures and witnessing
technicians perform inspections. However, as audits and
auditor training have become more sophisticated, audit
training for NDT technicians has lagged.
Audits can be stressful. If a nonconformity is identified,
the auditor will write it up as a finding and the company
being audited must implement a corrective action.
Uncorrected, such nonconformities could mean the loss of
a customer or a product recall. Either situation can result in
an economic burden for the company. As a result, some
technicians may tense up and overcompensate during an
audit, occasionally making mistakes they would not
commonly make. The cure for all this seems to be training
and "time on task"; that is to say, taking part in a number of
audits. Recognizing this, some companies and technical
colleges have begun to incorporate audit training as part of
an NDT curriculum to provide technicians with an
overview of the audit process.
Common Mistakes

Here are some common mistakes I have witnessed
technicians making over the years.
Talking with Auditors. Talking is distractive and can lead to
inadvertent mistakes. Auditors typically discourage discussion
but often technicians volunteer “war stories” or just “shoot
the breeze” during the audit. Technicians should recognize
this as a nervous reaction and consciously control it.
Failure to Locate and Review Procedures, Codes, and
Specifications. Another common mistake is not reviewing
the applicable procedure, code or specification before
performing an inspection for the auditor. Technicians often
work with multiple specifications. If the proper documents
*Inspection Services, 1002 Circle Dr., Arkansas City, KS 67005-1726; (620) 441-2982;
e-mail bruce.crouse2@yahoo.com.
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by Bruce Crouse*

are not reviewed, the inspection may be performed
incorrectly, resulting in a finding.
Whether it is for production inspection or during an audit,
inspectors who do not stop and locate information when
there is a procedural question are positioning themselves for
trouble. Best practices and many companies require
inspectors to have current revisions of documents out
during inspections. During one audit, an inspector made an
obvious processing mistake but did not realize it. As the
inspector continued, the auditor did ask a question that
should have caused the technician to think about verifying
his processing. Whether it was the result of nervousness or a
fear that he would look less than competent if he checked
the procedure, the technician continued and was written up.
An extreme example occurred when a penetrant inspector
proudly proclaimed he had developed a better way to
perform an inspection on a particular area of a component
and proceeded to demonstrate it to the auditor. No doubt
he was out to impress the auditor, but when he was finished
the auditor requested he locate the processing requirements
for the component in the customer procedure and issued a
finding as a result.
In another example, a number of visual inspection
procedures state that the inspection area is to be exposed to
100 foot-candles of white light. When questioned about
this, this auditor has not infrequently received one of the
following three responses from technicians:
"The company does not have a calibrated light meter."
"The company does not own a light meter."
"The company does have a light meter but it’s not on site."

If the procedure states white light will be measured then
there must be a way to measure it and the technician should
be aware of that requirement. In this instance the technician
was put in a situation where he could not meet procedure's
requirements. If the procedure calls for the use of such an
instrument, it must be used.
Eye Adaptation. Failure to allow time to have the eyes
adapt to a darkened area is a common mistake made during
an audit. While most technicians will allow their eyes to

adapt initially, they often fail to re-adapt after briefly
stepping out of the booth or turning on a white light to
record something. This has caused more than one
technician to receive a finding for not following the
procedure. I have also witnessed technicians neglecting to
adapt when coming into the inspection booth because they
distracted themselves by talking.
Inspector Stamps. Lack of control of inspector stamps is
often an audit finding. When inspectors are issued stamps,
they are required to maintain control of them at all times.
Auditors often find stamps openly stored with pens and
note pads in areas that inspectors use to complete
paperwork. If not in the technician’s possession, inspector
stamps should be locked away.
Typical Examples of Audit Findings from Two Methods
Magnetic Particle Testing. Customer requirements may
differ when performing the wet bench method of
inspecting components. For example, one company has a
specific requirement that a quantitative quality indicator
(QQI) be attached in a specific orientation and requires that
specific results be obtained from the AS5282 ring. Other
companies may require a tool steel ring standard to be used
when processing their components, so the technician must
be aware of all requirements prior to performing the
equipment check and subsequent inspection. Inspections for
more than one manufacturer require inspectors to
understand and adhere to the requirements of each
customer.
Liquid Penetrant Testing. When evaluating an indication,
many procedures allow redevelopment by wiping off the
initial indication and redeveloping it. This can cause multiple
issues during an audit. First, the wiping swab can contain
excessive solvent, resulting in indications being washed out
as the technician wipes the indication. The second issue that
can occur is that technicians may not wipe in one direction
as required by the procedure and may use an unacceptable
scrubbing motion. If the indication reappears during wiping,
the technician may immediately determine that it is a defect
without reapplying the developer. This may be a correct
determination but procedures call for redevelopment of the
indication before a determination is made. Some customers
require the indication be evaluated under white light for final
determination. If each step of the procedure is not followed
there will be an audit write-up.
When interpreting an indication during an audit, using
Form A developer as required by the customer, the
technician will retrieve a can of Form D developer to
“brighten up” a faint indication. The technician carefully
verifies the indication. While the inspector is reviewing the
indication, the auditor is reviewing documents and finds the
technician is not certified to use Form D or the customer

requires Form A developer only. No question, Form D
developer is very good at bringing out faint indications.
However, inspections must be done in accordance with the
procedure, not the way the inspector thinks best. Inspection
is about following codes and procedures, and if there is a
better way, those requirements should be changed prior to
implementing the new process. Auditors are required to
confirm that the inspections are performed to the existing
documents, and failure to follow them will result in a finding.
Conclusion
Audits have been a positive force in all industry sectors,
elevating inspector awareness of process and quality
requirements for performing inspections as well as for
maintenance and use of support equipment such as gauges
and inspection instruments. The purpose of any audit is to
confirm that the correct process has been followed. Audits
often reveal shortfalls within the system and processing
applications. Though this can result in uncomfortable
situations, both NDT companies and inspectors can use the
audit results as an opportunity to improve quality and
develop technical skills and knowledge.
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Crossword Challenge
NDT of Bridges
Photo courtesy Calfornia Department of Transportation, District 4
John Huseby, photographer

Across
2. Many advanced NDT technologies used to inspect bridges depend
upon the analysis of ____ characteristics such as frequency and
velocity to determine material properties or detect anomalies.
7. Corrosion products that form along the surface of rebar expand
and cause tensile stresses that lead to __________ cracking.
8. Completed in 2001, the Reliability of Visual Inspection for Highway
Bridges study conducted by the FHWA's Nondestructive Evaluation
Validation Center confirmed ______ inspection as the prevailing
method for bridge inspection; though the study showed that as the
conventional means for bridge inspection, this method correctly
identified crack indications less than 10 percent of the time.
9. The two primary problems affecting steel bridges are corrosion
and________.
13. Concrete, a heterogeneous matrix consisting of cement plus fine
and coarse aggregates, has high
compressive strength but very
4
limited _______ strength.
5
7
15. Deformed steel bars embedded in
concrete that are designed to
carry tensile loads and control
11
cracking.
13
14
18. The use of wave _________ for
nondestructive testing can be
18
sorted into two general categories,
those involving the interpretation
of acoustic waves and those
22
involving the interpretation of
electromagnetic waves.
20. ____________ can occur when
the horizontal cracks formed by
corrosion in adjacent rebar join.
22. A significant advantage to ground
penetrating radar is that it can be
implemented from air launched ________ that allow, in some cases,
concrete deck inspections to be conducted at highway speeds.
24. When heated by infrared radiation from the sun, delaminated areas
in a bridge deck can act as insulators, trapping heat near the surface
and creating hot spots that can be detected by infrared
____________.

25. Techniques that fall generally into the category of ________ wave
methods include ultrasonic testing, acoustic emissions, impact echo,
impact velocity, vibration testing, chain drag and sounding.
26. In 1967, the collapse of this bridge spanning the Ohio River
brought safety of the U.S. infrastructure into question and prompted
the start of a National Bridge Inspection Program the following
year.

Down

12

20

1. The average age of a U.S. bridge is approximately _____ years with
a design life of about the same duration.
3. Acoustic emission testing is used to detect the tiny amounts of
_______ energy generated during crack growth in steel bridge
structures.
4. Chain ________ is a simple
1
2
3
and inexpensive method for
determining general areas of
6
8
delaminated concrete or
overlay.
9
10
5. Primary deterioration modes
for concrete in
15
superstructures,
16
17
substructures and decks,
19
delamination and ________
21
are the result of reinforcing
steel corrosion.
6. Ground penetrating radar,
23
radiography, eddy current
24
testing, magnetic particle
25
testing, microwaves and
infrared thermography are
all techniques that fall into
26
the category of ________
wave methods.
10. One advantage of the eddy current technique is that it has the
ability to penetrate both conductive and non-conducting ________

Crossword continued on page 12.
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CROSSWORD continued from page 11.

typically used on bridges and therefore does not require their removal prior to
inspection.
11. Acoustic emission __________ can be permanently attached to steel bridge
structures, offering potential long-term and remote monitoring applications.
12. Frequently part of a routine bridge inspection, ________ consists of striking the
surface of concrete with a hammer and listening for tones that identify areas of
deteriorated concrete and subsurface flaws.
14. Damage mechanism that causes progressive deterioration in concrete when water in
concrete pores freezes.
16. In addition to its ability to quantify the effects of corrosion, __________ testing
has the advantage of being able to detect cracks in steel bridges that are not
surface-breaking.
17. Steel bridge ____ (used to allow for thermal expansion) that experience corrosion
are prone to cracking that can be detected using an ultrasonic method.
19. Cracks in bridge structures may be detected and located using the secondary __ that
results from the crushing of debris or corrosion in between crack faces.
21. The pulse-echo technique of ultrasonic testing can be utilized to determine vertical
flaw _____ in steels.
23. NDT technologies for steel bridges are largely focused on the detection of _______
cracks that may develop as a result of in-service loading.
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Across
2. wave
7. horizontal
8. visual
9. cracking
13. tensile
15. rebar
18. phenomena

20. delamination
22. antennas
24. thermography
25. acoustic
26. Silver

Down
1. fifty
3. elastic
4. dragging
5. spalling
6. electromagnetic
10. coatings
11. transducers

12. sounding
14. expansion
16. ultrasonic
17. pins
19. AE
21. depth
23. fatigue

