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ABSTRACT

Acoustic emission has been used to determine condition in reinforced concrete conduit.  Acoustic data
generated by PLB (pencil-lead break) were collected from both good PCCP (Prestressed Concrete
Cylinder Pipe) and damaged PCCP as digital waveform files.  These files were analyzed using the
normalized frequency energy method.  The results indicate that the energy in specific frequency
segments can indicate the condition of the conduit, and with an appropriate tuning process, may show
the type of damage; e.g., broken wire or delamination.  A partial power function and a graphic alarm
have been implemented in a standard AE instrument.  A portable handheld sensor-head support
structure has been designed and built to maintain a constant source-sensor distance spanning the width
of the desired inspection region for a standard 1.2-m diameter PCCP.

INTRODUCTION

Prestressed concrete conduit is used for large volume residential and industrial water transport.  The
conduit is constructed of layered mortar and concrete, and has pre-tensioned wire windings embedded
for added strength.  Continual load and corrosion may cause the wire and concrete to fail, and may result
in contamination and blockage of the conduit, and surface subsidence.  A technique and instrument was
developed which can reliably detect damaged conduit during periodic internal inspection.

In December 1998, a preliminary study using acoustic methods to monitor PCCP was carried out, and
promising results were obtained (1).  The current work includes more detailed analysis using this
existing data and new data collected in October 1999. Real-time results are presented later in the paper.

ANALYSIS ON EXISTING DATA

Previously (1), it was concluded that frequency distribution is a potential approach for monitoring
PCCP, as the high frequency response is significantly reduced when damage is present.  Figures 1 and 2
compare the frequency spectra obtained from a good section of a pipe (Fig. 1) and a damaged section of
a pipe (Fig. 2) using a PAC 30 kHz AE transducers.  The spectra from the good pipe show significant
energy around 40 kHz, with most energy between 10 and 30 kHz.  The spectra from the damaged pipe
have much lower energy near 40 kHz when compared to the energy in the 10 to 30 kHz range.

PolyModal  Frequency Envelop Feature

PolyModal(2) is a waveform toolbox software, which combines classical wave-mode analysis and
digital signal processing methods with AE applications and test data.  By using the Frequency Envelop
Feature, up to 8 AE frequency based envelop features can be analyzed.  Basically it breaks the spectrum
down into (up to) 8 segments, where the area under the curve in each segment (partial power) is reported
as a percentage of total area.
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Fig. 1 - AE spectrum (above) obtained from a good prestressed concrete pipe (bottom).

PLB
Performed at
10 O'clock
Position from
inside of the
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at 2 O’clock Position
from inside of the
Damaged Pipe.

Stress Wire Damage
Located at 12 O’clock
outside of the Pipe.

PLB Performed at 10 O'clock
Position from inside of the Good
Pipe.

AE Sensor  Located at 2 O’clock
Position from inside of the Good
Pipe.

Fig. 2 - AE spectrum (above) obtained from a damaged prestressed concrete pipe (bottom).
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Table 1 is the partial energy presentation of the data from good pipe and from damaged pipe. The total
frequency range is selected as 0 to 80 kHz, and each segment spans 10 kHz.

Selection of Frequency Ranges for Partial Power Setup

It can be observed that four critical segments, namely, 0-10 kHz, 10-20 kHz, 30-40 kHz, and 40-50 kHz
can be used to differentiate good pipe from damaged pipe by comparing partial powers. However, when
more than one segment is used the differentiation can be enhanced.  Table 1 shows that partial power
segments 0-10 kHz, 10-20 kHz, 30-40 kHz, and 40-50 kHz give very good differentiation between PLB
signals traveling through a good area and damaged area of concrete pipe.  For example, in the 0-10 kHz
segment, the signals of the damaged pipe ranged within 13% to 18% of the total energy while those of
the good pipe ranged within 5 % to 10% of the total energy.  In lower frequency ranges (0-10 kHz and
10-20 kHz segments) the signals show lower fractional energy in good pipe and higher fractional energy
in damaged pipe.  On the other hand, in higher frequency ranges (30-40 kHz and 40-50 kHz segments)
the signals show higher partial power in good pipe and lower partial power in damaged pipe.  The
Mistras 2001 system (3) used for real-time monitoring can take up to 4 frequency segments for partial
power (fractional energy) calculation, so the four frequency segments: 0-10 kHz, 10-20 kHz, 30-40,
kHz, and 40-50 kHz were selected.  It has also been determined that since the 0.5-mm lead carries more
power and gives better differentiation than the standard 0.3 mm, the 0.5 mm pencil lead will be used.

EXPERIMENTAL PROCEDURE FOR NEW DATA

A field trip to the Metropolitan Water District, La Verne, CA was made in October 1999 to verify and
demonstrate the instrument.  It was the first time that a real-time partial power function was set up and
activated to evaluate PCCP.  The test configuration is shown in Fig. 3. Here, only signals generated at
position 1 and received by sensor 2, and those generated at position 5 and received by sensor 1, are

Table 1
Table Showing the Differentiation between Damaged Pipe and Good Pipe Using the Partial Power Approach.

Signals were generated with the 0.5 mm PLB procedure from position 1 (10 o'clock) and received at 
position 5 (2 o'clock), and later from 5 to 1. R3I sensor was used.

Part1 Part2 Part3 Part4 Part5 Part6 Part7 Part8 Total
Partial Power (kHz) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80

(%) (%) (%) (%) (%) (%) (%) (%) (%)

14,55 22,13 17,23 13,16 13,81 8,67 4,98 5,48 100
Transverse Damaged 1-5 17,96 20,77 18,51 13,64 15,05 7,53 2,72 3,82 100

18,28 21,77 16,56 12,89 13,44 9,08 4,38 3,60 100

13,92 19,49 16,48 12,86 13,69 9,43 7,62 6,51 100
Transverse Damaged 5-1 13,66 21,47 17,98 12,63 13,50 9,52 5,58 5,65 100

14,63 20,40 15,72 13,61 13,67 8,88 6,11 6,98 100

8,10 19,57 17,74 16,08 14,84 9,34 7,28 7,06 100
Transverse Good 1-5 9,91 17,83 17,02 15,27 16,86 9,45 7,71 5,94 100

8,02 17,58 17,49 15,71 16,61 9,78 7,96 6,85 100

6,94 16,83 21,39 15,82 16,33 10,70 6,59 5,40 100
Transverse Good 5-1 5,91 17,21 22,91 16,74 17,40 11,03 4,74 4,08 100

5,89 19,70 20,95 17,39 17,50 8,47 5,34 4,76 100
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discussed.  The experimental procedure basically repeated what was performed as discussed earlier in
this report.  However, in addition to testing the real-time partial power function, two kinds of damage,
namely, broken wire and delamination, were studied separately to see if the AE signals demonstrate a
good classification on these two damage types.

The real-time partial power calculation was activated for the field experiment.  This system function
automatically calculates the partial powers in up to four preset frequency segments.  By comparing the
partial- power percentages of each segment, the condition of the pipe can be determined.  With an
appropriate adjustment of the partial-power settings, a classification of the damage type, e.g. broken
wire or delamination, is achievable.

RESULTS

Table 2 presents the results from the real-time partial power calculation of the PLB signals traveling in
good pipe, pipe with broken wire damage, and pipe with delamination damage.  It can be seen that the
partial power in segment 3 (Part3: 30-40 kHz) and in segment 4 (Part4: 40-50 kHz) can differentiate
between the good pipe and damaged pipe (either broken wire or delamination).  Segment 3 (Part3: 30-40
kHz) can differentiate between delamination and broken wire but needs further adjustment (see below).
Since this is the first time that the real-time partial power calculation was applied, the results shown in
Table 2 can be considered promising.

ADJUSTING THE PARTIAL POWER FUNCTION

The following steps describe how we adjust the system for the best PCCP evaluation and monitoring
results.  The adjustment should be carried out when monitoring different conditions, e.g. pipe material,
pipe dimensions, buried pipe or underwater pipe.

Ch. 1 Ch. 2

1

2
3

4

5

Fig. 3 - Illustration showing the cross section of a PCCP conduit with the 2 sensor locations (Ch 1 and Ch 2)
and the 5 signal source locations.  In the current study, only data from PLB signals generated at Locations 1

and 5 are described.
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1.  Obtain the pipe diameter to calculate the distance between the PLB source and the receiving sensor.

2.  Find the right threshold so the system can be triggered by a PLB signal even if it has traveled through
badly damaged area.  The threshold is set as low as possible to be sensitive, but it cannot be crossed by
background noise.  The procedure of finding the right threshold is through experimental trials.

3.  Set the sampling rate and hit length to determine the time period of a waveform section being
recorded and processed.  For a 2-MHz sampling rate the time period being recorded and processed is
500 µs.  This should be determined if overlapping is acceptable or not.

4. Different sensors will respond in a different dominant frequency range, and the partial power
frequency range must be adjusted accordingly.

5.  In the Mistras system up to 4 frequency segments can be set up for partial power calculation.  A
standard procedure for identifying the best frequency bands is currently under development.  With the
PAC 30 kHz sensors, the total dominant frequency range can be set at 0 to 80 kHz.  The 4 frequency
segments are set at 0-20, 20-40, 40-60, and 60-80 kHz ranges for a general evaluation.  After a first
round trial there will be two segments giving good differentiation between the good and damaged
conduit, e.g. 20-40 and 40-60 kHz ranges as was found here.  The 4 frequency segments are then
adjusted to 20-30, 30-40, 40-50, and 50-60 kHz ranges for a second trial.  After identifying the damaged
pipe, it may still be desirable to know what type of damage has occurred.  Different damage types may
show up more clearly in different frequency bands.

6.  After the partial power parameters are determined, the graphic alarm is used to serve as an automatic
warning system.  The graphic alarm has a general threshold setting, and the user needs to enter a
threshold.  Whenever a signal generates partial power beyond the level (above or below), the alarm will
be triggered.

CONCLUSION

Partial power application for pipe damage evaluation and monitoring is a simple pattern recognition
system.  The four frequency segments can allow fast calculation and real-time classification. The partial
power calculation in the Mistras 2001 can support up to four segments of frequency ranges.  It has
shown promise for differentiating between good and damaged pipes as well as different kinds of
damage.  For an in-situ real-time monitoring application, more than four segments might be required.
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Table2
DataShowingthePLB (0.5 mm)Results Analyzed bytheReal-TimeMistras Partial PowerMethod.

R3ISensorwas Used fortheTest.

Part1 Part2 Part3 Part4 Total of
Partial Power (kHz) 0-10 10-20 30-40 40-50 Part1 toPart4

(%) (%) (%) (%) (%)

0 59 9 5 73
TransverseGood1-5 0 59 8 5 72

0 55 10 5 70

0 53 8 3 64
TransverseGood5-1 0 57 8 3 68

0 53 9 3 65
0 64 5 3 72

0 5 22 56 83
0 6 22 57 85

Transverse1-5 0 1 18 63 82
Broken Wire 0 6 24 54 84

0 5 25 54 84
0 7 25 52 84

0 26 20 21 67
Transverse5-1 0 25 22 19 66
Broken Wire 0 26 20 19 65

0 25 22 19 66
0 25 22 18 65

1 27 21 34 83
Transverse1-5 4 24 18 37 83
Delamination 1 23 19 39 82

0 17 14 42 73
1 22 18 39 80

0 17 22 6 45
Transverse5-1 0 24 10 12 46
Delamination 0 20 11 10 41

0 24 12 8 44
0 18 27 5 50
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