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Abstract 
 

Nondestructive evaluation (NDE) is a means of evaluating structural components 
without damaging them.  It can be used to evaluate structural systems, as well as specific 
structural components.  Nondestructive testing is particularly useful for evaluating in-
service bridges, since the bridges can remain in tact and open to traffic during the 
inspection and evaluation period.  The NDE methods discussed in this paper include 
visual inspection, eddy current method, radiographic testing, and manual and automated 
ultrasonic testing.  The Federal Highway Administration’s NDE Validation Center 
performs extensive research on a number of these NDE methods.  
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I. Introduction 
 

The transportation infrastructure in the United States is deteriorating rapidly due 
to age, increased traffic demands, and lack of funding for repairs.  The need for efficient, 
accurate, and cost effective inspection and evaluation methods is more important than 
ever. Bridge structures require periodic inspection in order to detect structural flaws and 
safety hazards, as well as determine maintenance and repair needs.  Generally, vehicular 
bridges with a total clear span length of 20 ft or greater are inspected every 2 years.  
Many bridges with a total clear span length under 20 ft, as well as pedestrian and railroad 
bridges are inspected at least every 4 years.  The vast majority of all bridge inspections 
are based on visual evaluation.  More advanced nondestructive (NDE) methods may be 
called for depending on location, structure type and condition, and owner’s wishes.  
 

Nondestructive testing is particularly useful for evaluating in-service bridges, 
since the bridges can remain in tact and open to traffic during the inspection and 
evaluation period. Tests performed in the laboratory provide estimates of the performance 
capabilities of steel components, but controlled conditions in the laboratory do not always 
mirror actual conditions experienced in the field.  Tests in the lab can also be more 
expensive as it is often necessary damage the component or load it to failure to determine 
its performance capabilities.  Most nondestructive tests can be performed on site without 
removing structural elements to the lab. Non-destructive evaluation methods can be used 
to analyze steel and weld quality while maintaining the integrity of the existing structure.  
This allows the bridge to remain functional during the test, thus minimizing the impact to 
the community and the traveling public. 
 
II. The state of infrastructure in the United States 
 

The Federal Highway Administration’s (FHWA) Office of Bridge Technology 
provides statistical information on the condition of bridge structures in the United States.  
Bridges over 20 ft in clear span are considered part of the National Highway System 
(NHS) and are reported to the FHWA upon completion of the inspection via a Structural 
Inventory and Appraisal (SI&A) form.  The SI&A forms contain information regarding 
the bridge type as well as its current structural and functional condition.  The values in 
this form are used to compute a Bridge Sufficiency Rating (BSR), which can vary 
between 0 and 100.  A value of 100 represents a perfectly sound and functioning bridge, 
and the value becomes lower as the bridge condition gets worse.   
 

Tables 1 and 2 show statistical information for deficient bridges in Maryland, 
Virginia, and the District of Columbia.  Table 3 shows information for deficient bridges 
across the entire United States.  Information for both NHS bridges as well as Non-NHS 
bridges is shown.  It should be noted that although many states and municipalities choose 
to report Non-NHS bridges to the FHWA, it is not required.  The data for Non-NHS 
bridges only represents the reported bridges.  The exact number of Non-NHS bridges in 
the United States is not known. 
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Table 1. Percentage of Local NHS Bridges Classified as Deficient 
 
NHS Bridges       
As of December 
2007      
  # NHS 

Bridges 
# 

Structurally 
Deficient 

# 
Functionally 

Obsolete 
# 

Total 
% 

Deficient   
D.C. 115 9 59 68 59% 
MARYLAND 1,470 47 221 268 18% 
VIRGINIA 3,306 112 436 548 17% 
TRI-AREA TOTAL 4,891 168 716 884   
% DEFICIENT   3% 15% 18%   

 
Table 2. Percentage of Local Non-NHS Bridges Classified as Deficient 
 
Non NHS Bridges* (Railroad, Pedestrian, and < 20' clear span bridges)  
As of December 
2007      
  # NNHS 

Bridges 
# 

Structurally 
Deficient 

# 
Functionally 

Obsolete 
# 

Total 
% 

Deficient   
D.C. 130 15 69 84 65% 
MARYLAND 3,657 341 759 1,100 30% 
VIRGINIA 10,111 1,096 1,798 2,894 29% 
TRI-AREA TOTAL 13,898 1,452 2,626 4,078   
% DEFICIENT   10% 19% 29%   

 
Table 3. Percentage NHS and Non-NHS Bridges Classified as Deficient in the US 
 
Deficients Bridges for all 50 states including D.C. and Puerto Rico   
As of December 2007      
  # U.S. 

Bridges 
# 

Structurally 
Deficient 

# 
Functionally 

Obsolete 
# Total % 

Deficient   
NHS TOTAL 116,145 6,160 17,149 23,309 20% 
Non NHS TOTAL* 483,621 66,364 62,643 129,007 27% 
US TOTAL 599,766 72,524 79,792 152,316 25% 
% DEFICIENT   12% 13% 25%   
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III. Common Problems on Steel Bridges 
 

Bridges in general are susceptible to deterioration.  They are often exposed to 
harsh environments, rain, snow, deicing salts, temperature fluctuations, and they undergo 
a significant amount of cyclic loading.   
 

Steel bridges make up about 34% of the near 600,000 reported bridges in the US 
(FOCUS, Sept. 2007).  Some common problems found on steel bridges in the field 
include corrosion, section loss, delaminating steel, pack rust, and cracks.  Most of these 
defects can be detected through a routine visual inspection, however, often times cracks 
in steel and welded connecting elements are not so obvious.  Many advanced NDE 
methods focus primarily on crack detection and weld quality.  Advanced NDE methods 
can be employed in the fabrication plant to determine weld quality and material 
consistency prior to construction.  NDE can also be employed on in-service structures to 
detect defects that will affect their ability to carry load and perform their function.    
 
IV. FHWA Nondestructive Evaluation Validation Center 
 

In 1998, the FHWA established the NDE Validation Center.  This facility is 
located at the Turner-Fairbank Highway Research (TFHR) Center in McLean, VA.  The 
TFHR Center serves three main functions.  It provides State highway agencies with 
independent evaluation and validation of NDE technologies, develops new NDE 
technologies, and provides technical assistance to States exploring the use of these 
advanced technologies.  The TFHR Center supplements laboratory tests with field 
testing.  The majority of the field testing is performed in Northern Virginia and Southern 
Pennsylvania.  The field testing in Northern Virginia is performed on in-service bridges, 
while the field tests in Pennsylvania are performed on a decommissioned section of the 
Penn Turnpike.  Key structural components from decommissioned bridges such as 
welded, built-up, and fractural critical members are collected and used in validation tests 
for new NDE technologies.  The NDE methods that follow give a brief overview into the 
findings resulting from extensive research performed by the NDE Validation Center. 
 
V. Visual inspections and their reliability 
 

The most common form of NDE is the visual inspection.  They require no special 
testing equipment, and they can be completed more quickly and economically compared 
to more advanced NDE techniques.  However, due to subjective nature of visual 
inspections, variability of inspection results is common. 
 

In 2001, the FHWA conducted an investigation into the reliability of visual 
inspections for highway bridges.   There were three key objectives to this study.  The goal 
was to measure accuracy and reliability of routine and in-depth visual inspections, study 
key human and environmental factors that influence the reliability of visual inspections, 
and study the difference between State inspection procedures and reports (FHWA-RD-
01-105).   



 5

The study observed 49 State bridge inspectors conducting both routine and in-
depth inspections.  The inspectors were asked to perform visual inspections on various in-
service bridges in Northern Virginia and decommissioned bridges on a section of the 
Penn Turnpike designated the Safety Testing and Research (STAR) facility.  Personal 
and demographic information relating to each inspector was also collected to see if it 
played a significant role in the inspection process. 
 

The results of the study presented some interesting findings.  The study showed 
that often a Professional Engineer is not present at the site during an inspection.  Only 
two states required that their inspectors have their vision tested prior to performing 
inspections.  Many inspectors did not note important structural components such as 
fracture critical members and fatigue prone details.  Routine inspection results often 
varied greatly, with Condition Ratings sometimes being assigned range of 4 or 5 values.  
In-Depth inspections often did not reveal defects for which they were intended, and the 
in-depth inspections often did not reveal any additional defects than those found during a 
Routine inspection.   
 

Several recommendations were made to correct the problems with visual 
inspection reliability.  One recommendation involved revising the Condition Rating 
system to provide clearer criteria for rating selection.  It was also recommended that 
inspectors receive additional training for properly performing In-Depth inspections.  The 
study concluded that additional research is needed before making recommendations for 
improving the rating procedure for the Commonly Recognized element method. 
 
(FHWA-RD-01-020 and-021) 
 
VI. The Eddy Current Method   
 

In November of 2000, the FHWA conducted research on the eddy current.  The 
eddy current has historically been used in the aerospace and power industries to test non-
ferromagnetic cylinders.  Its use has been expanded into the civil engineering field to test 
the quality of welds and detect residual stresses in objects of any shape.  The eddy current 
method involves placing an energized probe near the surface of the steel test component.  
If calibrated to the correct frequency, this will induce a current on the surface of the test 
component of a certain magnitude and phase.  The eddy currents produced are 
proportional to the conductivity of the steel.  When the eddy current passes over a crack 
or other discontinuity in the weld or steel component, it will cause a disruption in the 
current.  The results can be instantly graphed on a handheld device to show the size and 
location of the discontinuity.   
 

The eddy current method has several advantages that make it a practical choice 
for field inspections.  The testing equipment consisting of a probe and data acquisition 
device is portable and available at a relatively low cost.  The eddy current can penetrate 
both conductive and non-conductive steel coatings, so that the coating system can remain 
in tact during the inspection.  Figure 1 below shows a crack indication on a butt weld, 
represented by the large spiking area. 
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Fig.1 – Example of crack indication on a butt weld, graphed from eddy current 
results (FHWA-RD-00-018) 

 
 
 

There are several disadvantages associated with the eddy current method.  
Although the current can pass through coatings to detect defects in the steel underneath, 
the coatings do have a measurable affect on the test results.  Since the effect is 
proportional to the coating thickness, this can be accounted for, but smaller defects may 
no longer be apparent when thicker coatings are used.  It is also important that the probe 
be carefully calibrated before each inspection to ensure that the optimal frequency for the 
test metal is chosen.  This leads to the need for a moderate amount of operator training 
and expertise.  The research did conclude that the eddy current was effective in locating 
transverse and longitudinal cracks in the weld surfaces, which was confirmed by 
comparing the results with other advanced NDE methods. 
 
(FHWA-RD-00-018, November 2000) 
 
VII. The Radiographic Method 
 

The radiographic method is an older, more traditional method of NDE.  It is used 
to inspect the quality of butt welds in the fabrication of steel plates for bridge girders.  It 
works similar to an X-ray.  Penetrating radiation is absorbed to produce a high contrast 
image.  Indications of cracks and discontinuities in the welds will show up as darker areas 
on the high contrast image.  Figure 2 below shows an example of a radiograph, with the 
locations of two known cracks shown as dark horizontal lines. 
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Figure 2 – Typical radiograph image showing locations of two cracks (FHWA HRT-
04-124, April 2005) 
 

  
  

The radiograph produces a two dimensional image that is able to be subjectively 
interpreted to determine the locations and size of cracks.  The radiograph also provides a 
permanent record of the inspection for future reference.  One of the disadvantages of the 
radiographic method is that is poses a health hazard due to the radiation exposure.  This 
results in increased setup and inspection time to erect barriers to limit exposure and 
ensure proper safety precautions are taken.  Also, the radiograph produces a two 
dimensional image, so it is not capable of determining the depth of cracks and 
discontinuities, only their size and location.  Other advanced NDE techniques are being 
researched as a possible replacement to the radiograph method in order to eliminate the 
health risks associated with the radiation exposure. 
 
(FHWA HRT-04-124, April 2005) 
 
VIII. The Ultrasonic Method – Manual vs. Automated 
 

The ultrasonic method is a relatively new method that is being researched by the 
FHWA.  The ultrasonic method works by measuring the trip time of ultrasonic pulses 
emitted by a transducer traveling through a test component.  The test system is composed 
of three main components.  The ultrasonic pulse echo transducer emits the ultrasonic 
pulse of known velocity and frequency through the test component.  A computerized data 
acquisition system collects the data from the ultrasonic pulse.  Lastly, a spatial control 
system tracks the coordinates of the transducer as it moves along the surface of the test 
component, so that indications of discontinuities can be located on a coordinate system.   
 

Variations in the pulse velocity will show indications of cracks and discontinuities 
in the test component.  Data from the data acquisition system can be plotted on a three 
dimensional image that shows crack size, location, and depth, which gives it an 
advantage over the two dimensional image on the radiograph.  Initially, the ultrasonic 
transducer was only operated manually.  This required the operator to calibrate the 
frequency of the transducer while simultaneously moving it along the test location, 
leaving room for human error in the inspection process.   

 
Recent advances in computer technology have led to research in the use of 

automated ultrasonic testing.  Automated ultrasonic testing uses a robotic arm with a 
wide range of motion to move the transducer around the test location.  This ensures 
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complete coverage of the area under inspection, and minimizes human interaction during 
the test. 

 
 
The figures below show examples of the P-Scan system (Projection Imaging 

Scanning), which is the type of ultrasonic testing system used in the FHWA study.  The 
P-scan system was selected because it meets the current code requirements set by 
AASHTO, making the transition easier on inspectors since they would not need to learn 
new code requirements.  Figure 3 shows the components that make up the P-Scan 
hardware.  Figure 4 shows a sample P-Scan image amplitude profile displayed on 
logarithmic scale, and Figure 5 shows the same image displayed on a linear scale.  The 
threshold line shown in the figure is selected based on plate thickness and 
acceptance/rejection criteria in the AASHTO Bridge Welding Code.  Amplitudes 
exceeding this threshold are shown in colors representing the decibel level and are 
indications of potential unacceptable defects. 
 
Figure 3 – Components of the automated P-Scan System 
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Figure 4 – P-scan image displayed on logarithmic scale 
 

 
 

 
 
Figure 5 – P-scan image displayed on linear scale 
 

 
 

 
According to the FHWA study, the P-Scan generally agreed with the results produced for 
a radiograph test.  Ultrasonic testing in general poses less of a health risk than the 
radiograph method, and utilizing the automated ultrasonic method provides more 
objective results by minimizing human interaction.  However, the automated ultrasonic 
method requires longer setup, calibration, and inspection time when compared to the 
radiographic and manual ultrasonic method.  The equipment is also bulkier than the other 
methods, making it difficult to transport between testing sites.  Although the actual test is 
automated, operators must still be trained in proper calibration of the equipment.  Also, it 
is a relatively new technology, so more research is needed before the full extent of its 
applications in bridge inspection is known. 
 
(FHWA HRT-04-124, April 2005) 
 
 
IX. Conclusions 
 
The bridge infrastructure in the United States is aging quickly.  Engineering disasters 
such as the recent I-35 bridge collapse in Minneapolis have demonstrated the need for 
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accurate and reliable inspection techniques.  The FHWA study on the reliability of visual 
inspections provided a significant amount of data that hopefully will provide answers as 
to the best way to improve inspection standards and practice.  The FHWA’s NDE 
Validation Center is researching new NDE techniques that could provide increased 
detection of latent defects that are not detectable through visual inspection.  There are 
many different methods of NDE, each of which has its advantages and disadvantages, 
depending on the objective of the inspection.  Newer, advanced methods of NDE such as 
ultrasonic testing are being considered as replacements for older methods such as the 
radiographic method.  As more research is conducted and new data made available, the 
extent of advanced NDE methods’ applicability for widespread use in the bridge 
inspections will be better understood.  For now, the visual inspection, although at times 
inconsistent, remains by far the primary method of NDE. 
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