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Abstract—Stress corrosion cracking (SCC) is a serious problem
in gas pipelines. The detection of such cracks are difficult
with currently available in-line inspection technologies. Recent
work demonstrated the crack detection potential of using guided
waves and gas-coupled broad band ultrasound by experimental
detection of machined crack-like defects based on Halfwave’s
ART Scan R tool [1]. The present study experimentally investigated the detection of real SCC, with crack depths of up
to 4.3 mm, on a real pipe, with a nominal wall thickness of
12.7 mm, using broadband (0.3–1.3 MHz) transducers in a pitchcatch set-up. Acoustic signals were received by eight transducers,
surrounding the transmitter, at cylindrical scan locations, and
different processing parameters were extracted. 2D parameter
scans displayed the crack and pitting corrosion areas. The
summed power parameter resulted in signal differences of up
to 8 dB for the crack area as compared to the surrounding area.
In conclusion, the detection of real SCC by using an ART Scan R
based set-up was successfully demonstrated on a real pipe section
in water.

to continue the development of a crack detection technology
based on Halfwave’s ART Scan R tool [2].
II. M ETHODS
An experimental test set-up has been designed to acoustically investigate the detection potential of SCC in a 36
inch pipe section. A schematic of the experimental set-up
is depicted in Figure 1. The acoustics/electronics system
consists of an arbitrary waveform generator that generates
the desired excitation signal, which is then amplified by a
separate transmit stage. An Acoustic Digital Module amplifies
the receive signal, digitizes it, and transfers the data to an
acquisition PC.

I. I NTRODUCTION
A long-standing challenge in integrity management of underground gas pipelines is stress corrosion cracking (SCC),
which may develop in carbon steel pipes when under influence
of a corrosive environment and tensile stress. SCC often
appears in the heat affected zone near girth welds, which will
typically result in cracks with an axial orientation. However,
circumferential and other crack orientations can be associated
with SCC too. SCC typically forms in clusters or colonies.
Current in-line inspection technologies that are suitable for
crack detection in gas have the requirement to be in close
proximity to the pipe wall, and have limited sensitivity and
sizing capabilities for small cracks. Therefore, there is a
demand for a more sensitive, precise, robust and cost effective
in-line inspection crack detection method.
Advances in gas-coupled broad band ultrasound provide
a potential method based on guided plate waves, which are
known to be used in non-destructive testing applications.
Recently, we demonstrated the detection of machined cracklike defects in test plates submerged in water by using an
experimental set-up [1]. Signal processing parameters, including one that use the received energy of selected frequency
bands, indicated the location of the crack-like defects. The
objective of this work is to experimentally evaluate the detection potential of SCC on a real pipe in water, in order

Fig. 1. Schematic scanning system, consisting of a mechanical XYZ-precision
positioning system and a signal acquisition system.

The test object consists of a 700 mm long pipe section with
an outer diameter of 910 mm and a nominal wall thickness
of 12.7 mm. Some cracks had been identified earlier and their
maximum depths had been measured by ultrasonic time-offlight diffraction (TOFD) prior to the acoustic scanning. Figure 2 depicts the outer surface of the pipe section, and marks
the acoustically scanned area (black rectangle), two cracks
with maximum depths of 4.3 mm, corresponding to ∼35% of
the pipe wall thickness (orange dashed lines), and a pitting
corrosion (orange dashed ellipse). The irregular horizontal

structure at the top of the black rectangle is the girth weld. This
structure is expected to have a large effect on the propagation
of guided waves, and will therefore reduce the detection
potential of smaller defects in the vicinity of this weld. The

Fig. 3. Part of the experimental set-up seen from above, showing the pipe
section and the transducer holder inside the water tank.

Fig. 2. The test object: a 36 inch pipe section that is affected by SCC. Cracks
can be seen as a result of a powder treatment. The scan area is marked by
the black rectangle, which includes two cracks (orange dashed lines) and a
pitting corrosion (orange dashed ellipse).

experiments were carried out with the spool piece submerged
in a water tank, insonified from the inside, see Figure 3. The
transducer holder contains nine broad-band gas transducers as
used in the ART Scan R tool that are normally aligned with
the inner pipe surface at a stand-off distance of 80 mm. The
transducers are positioned in a 3×3 grid (see Figure 4). The
center transducer transmitted broad band (0.4–1.2 MHz) chirp
or sinc pulses, and the guided waves were received by eight
surrounding receive (Rx) transducers in a pitch-catch set-up.
The transducer holder was translated and rotated to perform
cylindrical section scans with a spatial sampling density of
2×2 mm, using a precision motion scanner. The stand-off
distance between the transducers and the inner pipe wall was
kept constant at 80 mm during the scan.
III. P ROCESSING
Acoustic waves propagate from the Tx transducer to the test
pipe and partly propagate along the pipe wall as guided waves.
While propagating, these guided waves leak into the water
again to be detected by the receiving transducers. Based on
earlier results [1], it is hypothesized that crack-like defects will
result in detectable wave propagation differences. A schematic
representation of the acoustic concept is depicted in Figure 5.
One of the research objectives is to find sensitive and specific
parameters that enable robust detection of crack-like defects
[1]. Therefore, different analysis methods have been applied to
the received signals from all Rx transducers at different scan
positions. Time windowing is applied to exclude undesired
reverberations from strong multiple reflections between the Tx
transducer and the pipe wall. Subsequently, signal processing

Fig. 4. The transducer holder showing one transmit and eight receive
transducers.

is applied to extract different parameters; wall thickness estimate, summed RF power, and spectral power parameters (here
referred to as Spectral parameter A and Spectral parameter
B). The intention of these spectral power parameters is to
use acoustic power of carefully selected frequency bands
corresponding to specific guided wave modes that are sensitive

Rx
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Fig. 5. Schematic acoustic representation of the pipe wall. Tx and Rx
represent projections of the transmit and receive transducers respectively. A
crack-like defect is shown between the projected transducer locations and
influences the propagating waves.

Fig. 6. Wall thickness estimates of the reference area (left) and the crack area (right), received with channel 3 and 6 respectively. The approximate locations
of two cracks (dashed lines) and a pitting corrosion (dashed ellipse) are indicated in the right hand picture.

to surface defects.

V. D ISCUSSION
IV. R ESULTS

To compare undamaged pipe areas with SCC affected pipe
areas, cylindrical sector scans were performed on both an
undamaged reference part, where no visible effects were
observed, and on an area with identified cracks (see Figure 2).
The processing results are displayed in 2D scans as a function
of Tx scan position.
Figure 6 plots the pipe wall thickness estimates of the
reference area (left) and of the crack area (right) for a single
Rx channel. The variations of the thickness estimate clearly
discriminates the defect areas that contain cracks and pitting
corrosion, while the variations in thickness estimates of the
reference area are very small (<0.1 mm).
Figure 7 shows the summed RF power, expressed in dB’s,
for the processed data of the crack area (left) as obtained with
the chirp signal. A power reduction of up to ∼8 dB can be
observed in the defect areas as compared to the background
signal. The other plots in Figure 7 display the processed
spectral parameter A for both the crack area (center) and
the reference area (right). This parameter, also expressed in
dB’s, displays the spectral power based on selected frequency
bands. An interesting observation is that when comparing the
summed RF power plot (left) and spectral parameter A plot
(center), the relative power loss is comparable for the crack
area but much larger for pitting for the spectral parameter A.
This suggests the use of combining different parameters to
potentially discriminate between different defect types.
The effect of another Tx signal, a broad band sinc pulse, was
investigated as well. Figure 8 displays the spectral parameter
B of both the reference area (left) and the defect area (right),
as obtained with the sinc excitation. These plots show signal
differences of up to 4 dB for the crack and pitting area.

The experiments used perpendicularly oriented transducers
with respect to the pipe wall because of the ART Scan R
based set-up, despite the known advantages of transmitting
inclined for better guided wave selection and increased propagation distances [3]. Still, we were able to generate and
detect significant Lamb wave energy to demonstrate the crack
detection feasibility potential. So far, the experiments have
been performed in water, while in future applications the
acoustic coupling medium will be pressurized natural gas. The
differences in acoustic properties of the gas are expected to
affect the acoustic coupling, Lamb wave propagation distance,
and attenuation.
The experiments on the pipe sample with real stress corrosion cracks, were confined to a small scan area of the total
sample due to the long scan time. The main defect targets
were two larger cracks with maximum depths of ∼ 35% of the
pipe wall thickness, relatively far away (>40 mm) from the
girth weld and other defects. Although SCC is often observed
close to the girth weld, and in clusters or colonies, these scan
results are considered valuable since part of them can be solely
related to these isolated cracks with known depths. The effects
of crack colonies require further investigation.
2D plots from different processing parameters (e.g. thickness estimate and spectral power parameters) from a single
channel demonstrated signal differences between plots for defect areas. These differences might be exploited to differentiate
between different defect and anomaly types such as cracks,
pitting corrosion, or welds. As previously reported [1], it is
hypothesized that combining received signals from multiple
Rx channels (e.g. by image formation algorithms), increase the
potential for defect sizing, characterization, and localization.

Fig. 7. Summed RF power (left) and spectral power plots (right) of the crack area (left and center) and of the reference area (right).

Fig. 8. Spectral power plots of the reference (left) and crack (right) area, acquired with Rx channel 6 when excited with a broad band sinc pulse.

VI. C ONCLUSION
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The potential to detect SCC by using an ART Scan based
set-up was experimentally demonstrated on real cracks in a
real pipe section submerged in water. Different processing
parameters, a.o. based on thickness estimates and spectral
analysis, showed significant signal differences for isolated
cracks with ∼35% relative depths.
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