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Abstract— Pipe deformation is of major concern as it can be
an indication of pipe leakage. This paper presents an
investigation using an ultrasonic system to measure the deformity
on a pipe. The ultrasonic sensors are connected to aluminum
probe cones which can collimate the ultrasonic signal towards the
pipe surface. A deformation on the pipe will be represented by a
specific voltage signal at the receiver circuit. Different weights
were placed at the end of the pipe in order to make the pipe bend
and thus causing deformation. Experimental result shows that
the system can determine the modulus of elasticity which is
identical to the predicted value. The modulus of elasticity
represents the amount of deformation experienced by the pipe.
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. INTRODUCTION

The requirement to transport fluids from the area of
production to the point of end use has led to an increase in the
number of pipe lines being built. Many of these pipes
transport dangerous products containing toxic, sometimes near
areas having high population density or via locations which
are highly sensitive to environment. As there is need to protect
these pipes, it is vital to have a reliable detection system
installed on the pipes to detect any leaks [1].

There are several techniques to measure deformation on a
pipe. Usually it is carried out by placing an electrical-
resistance strain gauge on the wall surface. When a pipe is
deformed, a strain will be produced and this can be detected as
a change in electrical resistance which forms a strain gage[2].
Nonetheless there is a limitation in the use of strain gage. A
strain gage is effective for point measurement only [3]. Not
only that it can only be used only once after it exceeds its
elasticity limit and after that it cannot be used anymore. As
such a transducer has to be found as an alternative and one of
them is ultrasonic sensor [4].

This paper expounds an investigation on the capability of
an ultrasonic-based measurement system to determine the
deformity of a pipe when subjected to pressure. The plate
specimen to make the strain deformation is implemented at the
bending pipe. In this investigation the pipe selected is of a
circular shape. When the pipe is bent, strain will appear. As
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the bending of the pipe is increased, more strain will be
produced and analysis of the deformation can be made using
several laws such as the Hooke’s Law.

Ultrasonic is widely used as it provides accurate and
reliable result and reliable [5]. Another advantage of using
ultrasound for non-destructive testing is that the cost is much
cheaper than other methods and it is simpler to operate.
Distance can be measured by ultrasound [6]. As ultrasound is
capable of evaluating the surface quality in terms of the
internal flaw, it is also capable of measuring surface deformity
caused by strain.

The benefit of using ultrasonic wave led to extensive
research being carried out to utilize ultrasound in various
systems as well as enhancing contemporary performance and
explore new applications. Ultrasound has always been used to
determine metal plate quality, scan the fetus image in the
womb, and as a motion sensor in the industrial automation.
There are various investigations to enhance the performance
of ultrasonic devices in measuring various parameters related
to the fluid flow [7] in pipe and deformation of solid medium
[8]. Ultrasound is also applied in the biological field such as to
determine the mechanical properties of cells using Scanning
Acoustic Microscopy [9]. Even in the agricultural sector, the
ultrasonic system is used by Mirzach and Flitsanov to predict
shelf life and maturity of food quality for avocado [10]. It is
obvious that ultrasound can be used in various applications.
Ultrasonic in non-destructive testing (NDT) is popular in
detecting the flaws or deformation in a plate as part of quality
inspection. The plate may be a tank, pipe or others which are
similar. Ultrasound can also be utilized as a motion sensor
[11], where if the ultrasonic propagation is interrupted, then
the system will detect the change.

Subjecting an object to force will result in deformation.
Not only that, the shape and size of the body will also change
[6]. The impact deformation on the object might be extremely
small and difficult to observe or it can be very large such that
the shape as well as the size of the object will change.
Temperature can also cause deformation where it can cause

STRAIN ON PIPE


https://core.ac.uk/display/296975642?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Proceeding of International Conference on Electrical Engineering, Computer Science and Informatics (EECSI 2014), Yogyakarta, Indonesia, 20-21 August 2014

the object to enlarge when heat is increased or otherwise cause
the body to contract when heat is reduced. The detection of
deformity on a pipe surface involved a narrow range.
Deformation through bending is valid only for beam and pipe
is one of them. Bending deformation occurs when a long solid
body is subjected to force perpendicular to their longitudinal
axis. The force consists of support, slender, load and others.
When the load applied on the beam, the beam at the support
tries to stay fix in position while the force deflect the position
of the extrude beam. In the beam deformation, there will be
great shear stress to the body.

According to Hooke’s law stress is proportional to strain
within the elasticity limit. The law can be expressed as

c=¢E (1)

where o is stress, € represents the strain and E is the modulus
of elasticity or also known as Young’s modulus.

Strain are of two types namely normal strain and shear
strain. Normal strain either involved the elongation or
contraction in length of a line segment per unit of length.
Shear strain caused the angle to change between two line
segments which were initially perpendicular to each other [6].
The characteristics of strain is different for each material. If
pressure is applied, non-metals such as rubber will deform
more compared to metals. The factors that influence the strain
formation are pressure and modulus of elasticity. When the
material has a large value of modulus of elasticity, it is more
difficult to deform and it needs a higher amount of force.
Similar to pressure, when pressure acting on the material
increased, the body will deform to a certain value as long as it
does not reach the yield limit of the material. Otherwise, it
will exceed the yield point and will disobey Hooke’s Law.

The schematic diagram for the experiment to observe the
pipe deformation is shown in Fig. 1a. One end of the pipe is
clamped to a table as shown in the left-hand side of Fig. la
whereas the load is placed at the other end of the pipe. The
load is increased gradually to observe the impact of
deformation. As the load increased, the pipe will bend as
shown in Fig. 1b. The upper part of the pipe will bend more
compared to the lower part of the pipe. In other words, the
upper part experienced tension whereas the lower part is
subjected to compression. The strain caused by this
phenomenon can be measured by the ultrasonic system.

G Clamp Top beam

Below beam

Fig. 1a. Experimental setup when there is no load

Load

Fig. 1b. The pipe experienced deformation when a weight is placed

The pipe can be considered as a beam where the beam
cross-section has a neutral line axis in the center of the beam
which separates the tensile and compression region. The pipe
assumed to be homogenous and the shape is symmetrical with
the neutral axis across the center of origin. The further the
distance from the neutral axis the greater pressure will occur
and the value of strain also will be greater.

I1l. ULTRASONIC SYSTEM
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The position of the ultrasonic sensors are shown in Fig. 2.
The point of detection is located 1meter from the point where
the load is placed. The distance from the point of support to
the loading point is 1.1 meter. The actual experimental setup
is shown in Fig. 3.

Ultrasonic Transducer

Cones

Ultrasonic Ultrasonic
transmitter Teceiver

| 1 meter Force 4

Fig. 2. A schematic diagram of the experimental setup
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Fig. 3. Experimental arrangement

The value of strain can be calculated as follows,

My
E=——2> @)
IE
M =PL (3)
where,
P = Force
L = Length, in this experiment L = 1 meter
PL
1 (4)
IE

~ P (1)(10.5x1073)
"~ (5.447x1079)(2.9Gpa)

=-P6.647 x 10*

From equation (4), the coefficient of the equation is
determined and the graph plotted should be in linear form.

The pipe cross section dimension is shown in Fig. 4. From
the dimension, the moment of inertia, I, can be determined
based on equation (5).

Maximum strain
formation for tensile
stress

Tensile stress
area

Natural axis

Compression
stress area

Maximum strain
formation for
compression stress

Fig. 4. Pipe dimensions
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I = Yn('s—rh)

®)

Y4 1(0.0105% — 0.0085%)

5.447 x 10° m*

IVV. RESULTS AND ANALYSIS

The result of the experiments are shown in Fig. 5 which
shows a graph of voltage against strain for compression. Fig. 6
shows the graph of voltage against strain for tensile strain. The
regression coefficient obtained from Fig. 5 is 0.97 and Fig. 6
is 0.99 which means that the graphs are linear fit. The graphs
clearly show that there is a difference in the voltage values
between compression and tensile strain. There is a decrease in
voltage when there is an increase in strain. When the bent on
the pipe is increased, the strain also increased. Further bending
resulted in the distance between the ultrasonic sensor and the
pipe to increase. As such this cause the distance of travel for
the ultrasonic signal to increase causing the intensity of the
ultrasonic signal arriving at the ultrasonic receiver to become
weaker.
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Fig. 5. Graph of voltage versus strain for compression
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Fig. 6. Graph of voltage versus strain for tensile strain
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Fig. 7 shows the graph of deflection versus PL%/3I. P
represents force in Newton, L is the length of the pipe in meter
and | is the moment of inertia of the pipe with a unit of m*.
From this graph the modulus of elasticity can determine for
the PVVC material which is material used to construct the pipe.
The deflection measurement is simultaneously recorded
during the experiment which recorded the voltage values.
When the modulus of elasticity is obtained, it is vital to
compare the value from the experiment and the standard
reference value to ensure that the result is valid.

y=3.115e-100+ 3.02e4

R*= 09991

Regression
line

Deflection, m

Experiment

PL3/31 1/s?
Fig. 7. The graph of deflection versus PL%/31

The graph in Fig. 7 is almost linear which shows that the
deflection is proportional to PL%3I. The regression coefficient
is 0.9991 which shows that the graph is linear fit. From the
slope of the graph, the modulus of elasticity can be
determined. From this experiment, the modulus of elasticity is
found to be 3.17GPa whereas from the reference standard
ASTM D638, the modulus of elasticity is 2.90GPa for PVC.
Hence, the error is 9.3%. This results shows shows the ability
of the system to measure the deformation occurring in the

pipe.

V. CONCLUSION

A simple, low cost ultrasonic measurement system has
been developed to determine the surface deformity of a pipe.
The system is able to give an indication of the deformity on
the pipe. Further experiments should involve varying the
distance of the ultrasonic sensors from the pipe and observing
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the effects on the signal received by the ultrasonic system. The
reproducibility also has to be improved since the voltage
corresponding to a strain of 1 ym/m is not uniform for each
experiment. With this system, industries can make use of it to
detect the positions where deformation or leakage occurs
which enable them to make the necessary steps to prevent if
from further leakages.
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