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EXECUTIVE SUMMARY
The training phase of Transportation Pooled Fund project 5(247) Field Testing
Hand-Held ThermographicTechnologies, Phase II, consisted of procuring and delivering
hand held infrared imaging cameras to each participating state department of
transportation and providing training to them in the use of the cameras. From March
through October 2012 a camera and training was delivered to the nine participating
states at their offices. The cameras provided were FLIR T620s. The training consisted
of twelve hours of classroom and field instruction. The classroom instruction covered
the basic theory of heat transfer and infrared radiation, the experimental results to date
of using infrared images to find subsurface voids in concrete, guidelines for making
good infrared images, and the use of the FLIR T620. The field instruction allowed
participants to practice making infrared images in afternoon and morning conditions at
an in-service concrete deck highway bridge. The participants were then shown how to
upload and interpret the infrared images they had made. A total of 82 individuals were
trained. The feedback from all participants was positive.
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1 PROJECT DESCRIPTION
The goal of this research is to develop new technologies for the condition
assessment of concrete to help ensure bridge safety and improve the effectiveness of
maintenance and repair.
The objectives of the research are to:
•

Quantify the capability and reliability of thermal imaging technology in the field

•

Field test and validate inspection guidelines for the application of thermal imaging
for bridge inspection

•

Identify and overcome implementation barriers
The project will provide hand-held infrared cameras to participating state

Departments of Transportation (project partners), train individuals from these states in
camera use, and conduct field test of the technology. The reliability of the technology
will be assessed and previously developed guidelines for field use will be evaluated
through systematic field testing. Project partners will be provided training and hardware
for testing within their existing bridge evaluation programs, to identify implementation
challenges, evaluate the effectiveness of guidelines, and assess the utility of the
technology for bridge condition assessment. A series of field tests that include field
verification of results will be conducted by the project partners in cooperation with the
research team. These field tests will seek to quantitatively evaluate and verify the
capabilities and reliability of the technology under field conditions. These data will be
used to validate and improve the guidelines and support practical implementations of
the technology. The outcome of the research will be a new tool for improving bridge
safety and identifying repair and maintenance needs.
This report addresses the training phase of the project, during which states
participating in the pooled fund were training in the underlying theories and procedures
for implementing infrared thermography for the condition assessment of bridges. The
primary technology developed under this portion of the study was the training modules
and slides, which are included herein as an appendix to the report.
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2 PROJECT BACKGROUND
Thermal imaging can be used to detect and image subsurface voids in concrete.
The technology can be applied to determine areas where repairs are needed in
concrete bridge decks, soffits of overpass bridges (where there is potentialfor spalling
concrete to fall into traffic below) and in FRP overlays. A primary advantage of the
technology is that it is non-contact and can be utilized from a distance, such that armslength bridge access and traffic control are typically not required.

The primary

disadvantage of the technology is its dependence on certain environmental conditions
necessary for the technology to be effective.
During phase I of the research program, guidelines were developed for utilizing
the technology on concrete exposed to direct sunlight (such as a bridge deck) and for
areas not exposed to direct sunlight (soffits, for example), for which no previous
guidelines or procedures existed. These guidelines are available at reference 2. These
guidelines will be assessed and modified, if necessary, based on the results of phase II
testing. Field test results collected during phase I of the research showed numerous
potential applications for the technology, including bridge soffits, composite materials,
and concrete decks.

Further applications for the technology are expected to be

developed through the state-level testing conducted as part of phase II. Additionally,
the testing during phase I identified certain conditions that diminished the capability of
thermal imaging to easily and quickly assess subsurface damage in concrete, in
particular the presence of moisture in the concrete due to saturation. These conditions
will be evaluated during phase II through limited laboratory study.

3 THE TRAINING PHASE STATEMENT OF WORK
During this phase, thermal cameras and associated training will be delivered to
each participating state. The project deliverable for this phase is: Completed training in
each partner state and delivery of project equipment.
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4 DESIGN OF THE TRAINING
This training is designed to familiarize state Department of Transportation bridge
inspectors with thermal imaging. The course is conducted at state Department of
Transportation training facilities and at nearby in-service bridges. All the training
materials,Powerpoint slides and an eight page camera user’s guidebook, have been
made available to participating states on the project’s internet site. Training materials
were developed by the research team during the period January 2, 2012 through March
21, 2012. The classroom presentation was divided into five modules:

Module 1, an introduction to thermography
Module 2, the theoretical background of heat transfer
Module 3, the environmental factors affecting infrared imaging
Module 4, making a good infrared image
Module 5, using the infrared camera

All five modules are presented and discussed in the first four hour classroom
session. After lunch, the instructors and participants go to an in-service bridge
suspected of having subsurface delaminations in the concrete and participants practice
imaging suspect areas with the infrared camera in afternoon thermal conditions.
In the classroom the following morning, images from the preceding day’s practice
are examined and discussed.

Each student then has an opportunity to practice

interpreting the infrared images. Any errors in imaging are identified and corrective
action described. Then the students return to the same bridge and practice taking
infrared images in morning conditions (which will differ from the afternoon conditions
encountered in the previous session.)
Visible light and infrared images of structures typically imaged in training sessions
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5 SELECTION AND DELIVERY OF INFRARED CAMERAS
In the fall of 2011 the research team performed a comparative analysis of
available hand-held infrared imaging cameras. TheFLIR T620 was selected as the best
camera for the project.

In December 2011, an initial order for 5 camera sets was

placed. Each camera set consisted of a camera, a 25 degree and a 45 degree angle
lens, a spare battery, a battery charger, software for uploading and managing images,
and a carrying case. Five camera sets were delivered at the end of December 2011,
Five more camera sets were delivered in June 2012. By August 2012 Michigan and
Wisconsin had joined the project so two additional cameras were ordered, bringing the
total number of camera sets ordered to eleven. Ten of them were transferred to state
DOTs at the time of their training session; one camera was retained by the MU research
team. The research team delivered one infrared camera to each participating DOT (see
table below) except for New York State DOT which received two cameras.
Table 1. Infrared Cameras
Serial

Date

Receiving

Receiving

number

transferred

organization

individual

55901214

27 Mar 2012

TX DOT

Leon Flournoy

55901237

23 Apr 2012

MN DOT

Eric Evens

55900995

5 Jun 2012

IA DOT

Mike Todsen

55901032

30 Dec 2011

Univ Missouri

Glenn Washer

5

55901191

21 May 2012

OR DOT

Bruce Johnson

PA DOT

6

55902092

18 Jul 2012

NYS DOT

Jim Flynn

55902047

18 Jul 2012

NYS DOT

Jim Flynn

55902052

14 Aug 2012

MI DOT

Matt Chynoweth

55902045

17 Sep 2012

GA DOT

Clayton Bennett

55902512

22 Oct 2012

WI DOT

Travis McDaniel

DELIVERING THE ON-SITE TRAINING SESSIONS
Training sessions were held in each of the nine participating states during the

period March 26 through October 23, 2012.

Texas
March 26-27, 2012
Minnesota April 23-24, 2012
Oregon
May 21-23, 2012
Iowa
June 4-6. 2012
Pennsylvania July 16-17, 2012
New York
July 18-19, 2012
Michigan
August 14-15, 2012
Georgia
September 17-18, 2012
Wisconsin October 22-23, 2012

A total of 82 people received training.Each participant in the training was
provided a workbook which included all the training slides used in the instruction and a
copy of the infrared camera use guidelines developed by the research team in August
2009 as part of Phase I of this project. Each participant received a certificate for 1.2
continuing education units from the University of Missouri.
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7 EVALUATING PARTICIPANTS’SATISFACTION WITH THE ON-SITE
TRAINING
At the conclusion of each training session, each participant was asked to
complete an evaluation of the training which consisted of 17 questions covering three
areas: satisfaction with the training (a higher percentage indicates greater satisfaction),
which module of the training was most/least useful, and the participant’s expectation of
the ease of using infrared cameras in future bridge inspections (a higher percentage
indicates the respondent expects camera use to be relatively easy). No training
evaluation was done after the TX DOT session.

Table 2. Training Evaluation/Camera Use Ease
Most/Least

Will IR camera Number of

Number of

useful

use be easy?

evaluations

State

Satisfaction

DOT

with training

MN

75/100

4/1

75/100

8

4

OR

89/100

4/1

82/100

10

10

IA

66/100

4/1

69/100

6

6

PA

88/100

4/1

81/100

10

4

NYS

75/100

4/1

72/100

8

8

MI

84/100

4/1

76/100

22

16

GA

75/100

4/1

83/100

5

5

WI

77/100

4/1

75/100

9

8

7

0

trainees

module

received

TX

7

Participants rated each question 1 (best) through 5 (worst.) The Expectation of
IR camera use ease was based on 5 questions each of which also had 1 through 5
worst to best rating scale.

8 CONCLUSION
The training phase of the project was successfully executed on time and budget.
A total of 82 employees of nine state Departments of Transportation were instructed in
the background of thermal imaging and trained in the use of an infrared camera. A FLIR
T620 camera was provided to each participating state DOT and that camera was used
to image suspected subsurface flaws in concrete bridge decks at a bridge managed by
the state DOT. State DOT personnel reviewed images made at the practice session at
that bridge successfully practiced identifying and uploading images to the project
shared-data site.
Results of participant surveys conducted during the training indicated that the
training met the needs and expectations of the states involved in the research. The
training slides for each module of the training are included herein as Appendix A.
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