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Use of Magnetic Tomography
Technology to Evaluate Dowel
Bar Placement

The use of properly sized dowel bars has been a long-standing recommenda-
tion for jointed concrete pavements subject to heavy truck traffic to prevent
roughness caused by faulting. Implicit in this recommendation is the as-
sumption that the dowel bars will be placed in proper position and align-
ment. Misaligned dowel bars can cause joints to lock, which, in turn, can
lead to spalling or cracking. Severe misalignment can also cause looseness
around the dowel bars, greatly reducing their effectiveness. Proper centering
of the dowel bars under the joint is important to provide adequate embed-
ment length on either side of the joint. The types of dowel misalignment are
illustrated in Figure 1, and their potential effects on pavement performance
are summarized in Table 1.
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Figure 1. Types of dowel misalignment.

Table 1. Types of dowel misalignment and their effects on pavement performance.

Type of Misalignment Effect on Spalling Cracking Load Transfer
Horizontal translation no no yes
Longitudinal translation no no yes
Vertical translation yes no yes
Horizontal skew yes yes yes
Vertical tilt yes yes yes

The dowel placement accuracy needed to ensure good pavement per-
formance has not been studied in depth. The effect of dowel alignment on
pavement performance is the subject of a National Cooperative Highway Re-
search Program (2005) study; and a report on dowel bar alignments of typi-



https://www.fhwa.dot.gov/pavement/concrete/

Figure 2. MIT Scan-2.

cal in-service pavements, based on data collected
using the MIT Scan-2 device, is available from the
Portland Cement Association (2005).

MIT Scan-2 is a state-of-the-art, nondestructive test-
ing device for measuring the position of metal bars
embedded in concrete. Developed by Magnetic Im-
aging Tools (MIT) GmbH (Dresden, Germany), MIT
Scan-2 utilizes an array of sensitive detectors and
sophisticated data analysis algorithms to produce
very accurate results.

The device, shown in Figure 2, consists of the
sensor unit, onboard computer, and plastic rail sys-
tem. The onboard computer runs the testing, stores
data, and performs field data analysis. The rail sys-
tem guides the sensor unit precisely along the test
joints at a constant elevation (see Figure 3).

Unlike other devices that have been used in
the past, which are general-purpose instruments
adapted to the dowel bar detection application, MIT
Scan-2 was developed specifically for measuring
dowel and tie bar alignments. As a result, the device
is simple to operate, efficient, and able to produce
real-time results in the field.

A comprehensive evaluation of MIT Scan-2 was
conducted under the Concrete Pavement Technol-
ogy Program (CPTP). That study concluded that
MIT Scan-2 provides an accuracy of £5 mm with
95 percent reliability on rotation (horizontal or
vertical misalignment), as long as no foreign metal
object is within about 1 m (3 ft) of the bars being
scanned. The estimated overall standard deviation
of measurement error is 3 mm (FHWA 2005).

MIT Scan-2’s detectors and sophisticated data
analysis algorithms produce very accurate re-
sults. The device emits a weak, pulsating magnetic
signal and detects the transient magnetic response
signal induced in metal bars. The methods of to-
mography are used to determine the position of the
metal bars.

The data analysis scheme for MIT Scan-2 includes
the use of calibration data to produce very accurate
results. Each unit of the MIT Scan-2 device is in-
dividually calibrated for each type of bar that will
be tested using the device. A bar type is defined by
material (e.g., steel vs. stainless steel), bar diameter,
and bar length. The dowel baskets are calibrated
by basket type, which is defined by the basket ge-
ometry, diameter of the basket wire, and dowel bar
type. Although the correct calibration is required
to obtain accurate results, the calibration informa-
tion can be substituted at the time of data analysis.
Testing can thus be conducted without having the
actual calibration for the bar type (or basket type)
being tested.

MIT Scan-2 is provided with calibrations for
common U.S. bar types: #5 tie bars (750 mm
[30 in.]) and 32-, 35-, and 38-mm (1.25-, 1.375-, and
1.5-in.) dowel bars. Additional calibration can
be obtained by sending the bars to MIT GmbH.
The cost of calibration is about $1,000 per bar or
per basket.

Figure 3. Pulling MIT Scan-2 along the joint being
scanned.
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Figure 4. Data output from a joint scan
shows depth, horizontal and vertical
alignment, and identifying information.

The measuring process involves setting the rails
alongside the joint to be scanned, entering the
pavement information (bar diameter and length,
slab thickness, joint length, and project informa-
tion for reference) into the onboard computer, and
then pulling the unit across the joint, as shown in
Figure 3. The field data analysis is fully automat-
ed, and the results can be printed on the onboard
computer.

For dowel bars, the field results produced by
the system software are accurate for the following
conditions:

¢ Mean dowel depth 150£40 mm (4.3 to 7.5 in.)
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Figure 5. Graphical output displays signal strength and bar position.

e Horizontal or vertical skew misalignment
+40 mm (1.6 in.)

e Lateral position error <80 mm (3.2 in.)

For other conditions, the system software can be
used to conduct a more comprehensive analysis.

Analysis results appear on the screen display and
can be printed. A sample data report is shown in
Figure 4. Figure 5 shows the graphical output,
which is displayed in color. The contour map on the
left displays the signal strength for each bar, and the
diagram shows side and end views of the bar’s ac-
tual position (gray bar) relative to its specified loca-
tion (rectangle).
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MIT Scan-2 provides very accurate results, especial-
ly for dowel bars placed using a dowel bar inserter.
However, the presence of foreign metallic objects
within about 1 m (3 ft) of the bars being scanned
essentially invalidates the results.

The dowel basket also interferes with the
measurement results; however, approximate re-
sults can be obtained if two conditions are met:
the dowel bars are epoxy coated, and the trans-
port ties on the basket are either cut or removed.
Under these conditions, the results for hori-
zontal or vertical misalignment are very good,
almost as good as the results for inserted bars. The
reported bar depth, however, will be shallower than
the actual because of the additional signal from
the basket metal. The accuracy can be improved to

a level comparable to that for the inserted bars by
developing basket-type-specific calibration.

Even without specific calibration, the device is a
useful screening tool for identifying problem areas.
Any major problems in the bar placement or sawcut
locations can be easily identified visually on the MIT
Scan-2 images.
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—The MIT Scan-2 device is available on loan to State highway agencies through FHWA’s Mobile Concrete

Laboratory. For more information, contact the following:

Federal Highway Administration

Office of Pavement Technology

Sam Tyson—sam.tyson@thwa.dot.gov

Gary Crawford—gary.crawford@fhwa.dot.gov

CPTP Implementation Team
Shiraz Tayabji, CTLGroup—stayabji@ctlgroup.com
Tom Yu, CTLGroup—tyu@ctlgroup.com

—This TechBrief was developed by H. Thomas Yu, P.E., CTLGroup, as part of FHWA’s Task 65 CPTP
product implementation activity. The TechBrief is based on the findings documented in FHWA-IF-06-006 (FHWA

2005).

made to FHWA's field offices.

This TechBrief is being distributed according to a standard distribution. Direct distribution is being

—The publication from which this TechBrief was developed, Use of Magnetic Tomography Technology
to Evaluate Dowel Placement (FHWA-IF-06-006), is available from the National Technical Information Service,
5285 Port Royal Road, Springfield, VA 22161 (www.ntis.gov). A limited number of copies are available from
the Research and Technology Product Distribution Center, HRTS-03, FHWA, 9701 Philadelphia Court, Unit Q,
Lanham, MD 20706 (phone: 301-577-0818; fax: 301-577-1421).
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—This TechBrief is disseminated under the sponsorship of the U.S. Department of Transportation in the
interest of information exchange. The TechBrief does not establish policies or regulations, nor does it imply
Federal Highway Administration (FHWA) endorsement of any products or the conclusions or recommendations
presented here. The U.S. Government assumes no liability for the contents or their use.

—FHWA provides high-quality information to serve Government, industry,
and the public in a manner that promotes public understanding. Standards and policies are used to ensure and
maximize the quality, objectivity, utility, and integrity of its information. FHWA periodically reviews quality issues
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