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ABSTRACT 

In this paper, a reliable and sensitive diagnostic method for oil pipelines based on wavelet analysis and ultrasonic tech-
nique. This will be achieved by the use of 3-D finite element modeling software (Abaqus CAE 6.10) combined with a 
power full wavelet based signal processing technique will be used to collect the empirical ultrasonic data to validate the 
developed diagnostic method. The affect known seeded faults i.e., 1 mm hole at 25%, 50%, 75% and 100% depth in pipe 
wall were investigated using FEM techniques. A developed acoustic transceiver (Air Ultrasonic Ceramic Transducer 
235AC130) will be used to collect the empirical ultrasonic data to validate the developed diagnostic method. The am-
plitudes and frequency spectra of the ultrasonic signals were measured and the predicted results were found to be in 
good agreement with the measured data, and that to confirm that this method can provide important information on pipe 
defects. 
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1. Introduction 

Diagnosis of damage in pipelines requires the identifica-
tion of the location and the type of damage and quantifi-
cation of the degree of damage. Most of the recent dam-
age detection methods rely on visual inspection or on 
localized measurements such as acoustic or ultrasound 
methods, magnetic field methods, radiography, eddy- 
current methods and thermal field method which requires 
that the vicinity of the damage area is known a priori and 
that the portion of the structure being inspected is readily 
accessible [1]. Those methods can detect damage on or 
near the surface of the structure [2]. Piezoelectric ultra-
sonic has been utilized for wall thickness measurements 
and crack detection. These tools work well in liquid 
filled pipelines since the fluid being transported is cou-
pling the pressure wave generated by the piezoelectric 
transducers to the pipe wall. However, in natural gas 
pipelines this coupling mechanism does not work since 
nearly all of the acoustical energy generated by the 
transducer in the gaseous product is reflected by the pipe 
wall and does not travel into the pipe wall [3]. The ultra-
sonic sensor generates ultrasonic waves inside the pipe 
wall itself through a combination of Lorentz forces and 
magnetostriction, no matter what medium is present in 
the pipe [4]. The material being inspected is its own 

transducer, eliminating the need for a liquid coupling as 
required in traditional ultrasonic transducer methods [4]. 
Hu et al. [5] carried out a case study that shows the ap-
plication of harmonic wavelet analysis to the problems of 
pipeline small leak detection with time-frequency do-
main analysis. A comparison was made between leak 
detection results of harmonic wavelet and Daubechies 
wavelet and it was found that harmonic wavelet based 
small leak detection approach performed better. Meurer 
et al. [6] used Lamb wave propagation in the wall of a 
pipe generated in a standoff manner for defect detection 
and found that this approach is accurate measurement of 
wall thickness on all kinds of materials and size only at 
the point of physical contact and not along the circum-
ference of the pipe. Sun et al. [7] used the ultrasonic 
techniques based sensing network for underground pipe-
line monitoring by jointly utilizing the measurements of 
different types of sensors that are located both inside and 
around the underground pipelines. The magnetic induc-
tion-based sensor detects and localizes leakage through-
out the pipeline network and reported to the administra-
tion center in real-time-guided waves and was not af-
fected significantly by the presence of insulation. In the 
research mentioned above, it was noted that no rigorous 
analysis on ultrasonic techniques technology was carried 
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out and its capabilities are not yet fully investigated. The 
research proposed here focuses on developing finite ele-
ment model to understand ultrasonic techniques advan-
tages and limitations and pave the path for developing 
reliable oil pipes diagnosing systems. 

2. Numerical Simulation 

The elastic-plastic brick elements in Abaqus are intended 
to provide inexpensive solutions for problems involving 
part-through surface cracks in shell structures loaded 
predominantly in Mode I by combined membrane and 
bending action in cases where it is important to include 
the effects of inelastic deformation. When the brick ele-
ment model reaches theoretical limitations, the shell-to- 
solid sub modeling technique is utilized to provide accu-
rate J-integral results. The energy domain integral is used 
to evaluate the J-integral for this case. 

3. Geometry and Model 

The pipe has an inside radius of 2.15 mm, wall thickness 
of 3.5 mm, and 1m long. The mesh is shown in Figure 1. 
Four of flaws have ratios of 0.25 (a shallow crack), 0.5 
and 0.75 (a deep crack) and it’s refined around the crack 
by using multi-point constraints (MPCs). The shell ele-
ments type is C3D8R in the symmetric of 8-node linear 
brick along the crack. Five different flaws are studied. 
All have the semi-elliptic geometry and in all cases. 

4. Material 

The pipe is made of an elastic-plastic metal (Carbon 
Steel Pipe), with a Young’s modulus of 2 GPa, a Pois-
son’s ratio of 0.3, an initial yield stress of 482.5 MPa, 
and constant work hardening to an ultimate stress of 
689.4 MPa at 10% plastic strain, with perfectly plastic 
behavior at higher strains. 

5. Loading 

The loading consists of uniform internal pressure applied 
to all of the shell elements, with edge loads applied to the 
far end of the pipe to provide the axial stress corre-
sponding to a closed-end condition. Even though the flaw 
is on the inside surface of the pipe, the pressure is not 
applied on the exposed crack face. Since pressure loads 
 

 

Figure 1. Pipe meshing. 

on the flaw surface of brick elements are implemented 
using linear superposition in Abaqus, there is no theo-
retical basis for applying these loads when nonlinearities 
are present. I assume that this is not a large effect in this 
problem. For consistency with the brick element models, 
pressure loading of the crack face is not applied to the 
shell-to-solid sub-model. 

6. Modelling Results 

The brick elements provide J-integral values directly. 
Figures 2 and 3 show the J-integral values and the strain 
at the whole model as functions of applied pressure for 
the four flaws and healthy. In the input data the maxi-
mum time increment size has been limited so that ade-
quately smooth graphs can be obtained. Figures 2 and 3 
shows the displacement of specific node at the end edge 
of pipe for the half-thickness crack (3_a/t = 0.5), at pres-
sure levels. The results are agreed closely to experimen-
tal results. 
 

 

Figure 2. Healthy pipe strain energy, whole model. 
 

 

Figure 3. 50% Whole model strain energy. 
 

 

Figure 4. Shows the aluminium stand and sensor set angle 
of 70˚. 
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7. Experimental Procedures  

Series of experiments were carried out to investigate the 
propagation of ultrasound wave signal from a real 1 me-
ter length healthy carbon steel and other real four 1 meter 
length carbon steel pipes with seeded 1mm hole at vary 
depth in each pipe and sources to an array of sensors. 
The overall purpose was to evaluate the potential of ul-
trasound monitoring to be used in real piping systems, 
acknowledging the effects of external (support, burial) 
environments may have on the propagation of the waves. 
To this end, five sets of experiments were carried out 
where the nature of the source and the environment were 
varied in a systematic way. 

Five carbon steel pipes were used in research experi-
ments. All pipe are from the same materials and has the 
same diameters that shown in Table 1 below. 

Five sets of experiments were carried out with the 
pipes suspended on aluminium stands in order to obtain a 
preliminary indication of the type of propagation behav-
iour shown by a wave generated from a simulated source. 
Sensor was mounted from one end of the pipe at 70˚ an-
gle which is the best angle that shows clear result, whilst 
the other sensor was incrementally moved axially along 
the pipe to the other end at the same angle as shown at 
Figure 4. 

8. Experiments Results 

A time domain signatures of oscilloscope results for the 
five experimental sets (healthy, 1mm hole at 25% 50% 
5% and 100% in depth) was recorded by Mat lab soft-
ware and shows no clear differences as shown in Figures 
5 and 6 (zoom in) respectively. 

Based on the results of time domain signatures above, 
A frequency domain signatures of oscilloscope results for 
the five experimental sets (healthy, 1mm hole at 25% 
50% 75% and 100% in depth) was recorded by Mat lab 
software and shows no clear differences as shown in 
Figure 7. 

As a result, a continuous wavelet transform (CWT) is 
used to divide a continuous function into wavelets, which 
shows clear differences in Figure 8. 

9. Summary of Experiments 

The frequency and angle of a specific Lamb wave mode 
was selected based on two aspects; first, incident angle 
for mode is equal to transducer frequency multiplied by 
material thickness and second is that ultrasonic and lon-
gitudinal velocities in the steel pipe and Lucite wedge 
which measured by be found that 70˚ degree present the 
best signal with transducer with an oscilloscope and ul-
trasonic pulsar/receiver frequency of 235 KHz. 

 

 

Figure 5. Time domain signatures for the five set of research experimental results. 
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Figure 6. Time domain signatures for the five set of research experimental results (zoomed). 
 

 

Figure 7. Frequency domain signatures for the five set of research experimental results. 
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Figure 8. CWT signatures for the five set of research experimental results. 
 

Table 1. Experimental five sets of pipes diameters. 

Length Diameter Thickness Material 

1 m 2.5 cm 3.5 mm Carbon Steel 

 
The Time/Frequency domain are insufficient analyses as 
shown in Figures 5-7 for since all signatures doesn’t 
shows any differences between each cases, while CWT 
signature (Figure 8) is to be considered a sufficient ana- 
lyses and the novelty of the research since red colour 
density that present the energy is increase in directly pro- 
portional to the increase of the depth of the hole. 
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