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flow conditions for minimizing residual stresses and deformation. The test is carried
out with a strain gauge as a measuring tool. The strain gauge used is a single-axis strain
gauge, type FLA-5-11. To complete the objective of this study which is to identify the
effect of steel sleeve welding on steel pipe, there are some results gathered. The
analysis is based on the strain, stress, and deformation readings obtained from the
strain gauge. The steel pipes were tested with different pressures, 2 psi, 4 psi, 8 psi,
and 12 psi. Besides that, the strain gauge was also positioned with different
orientations which are horizontal and vertical orientations to observe and compare the
result with different orientations. All the results are taken from different positions on
steel pipe which are at the top and bottom of the steel pipe, with sleeve repair and
without SRW. The result demonstrates that steel pipe with SRW has less strain, stress,
and deformation compared to steel pipe without SRW. Hence this shows that the steel
repair method can help in reducing the bad effects of defects that happens in
underground pipeline systems. It also shows that the effect of pressure in steel pipe

Keywords: happens to be more at the bottom of the steel pipe compared to at the top of steel
Pipeline system; steel sleeve repair; pipe. These indicates that the steel SRW and reinforcement of steel pipe at the bottom
repair welding; reinforcement of is important.

1. Introduction

Pipelines are typically made of carbon steel, and their dimensions can range widely due to the
kind of pipeline and the purpose it serves. Natural gas pipeline networks are complex systems made
up of many different units and subsystems with different architectures and purposes. Due to this
complex system that is buried, it is very common for defects to occur. The defects can be categorized
into two, which are mechanical and environmental. The environmental factors that cause defects in
the pipeline system are corrosion, dent, and cracking, whereas manufacturing defect in the pipe body
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[1] is a type of mechanical damage. Mechanical damage is the leading cause of pipeline accidents,
causing external damage at about 49.6%, manufacturing flaws at 16.5%, corrosion at 15.3%, and
ground movement at 7.3% [2].

These defects are difficult to overcome due to the large complexity of the pipeline system and
require a high cost to shut down the whole system for pipe repair works. Hence, several methods are
introduced to overcome these defects without major shutdown. For pipeline fix maintenance, four
repair methods have been categorized: non-critical repair, minor repair, moderate repair, and major
repair work. Split sleeve repair was generally employed on medium-scale repairs where pipeline
closure was not required. As a result, sleeve repair welding is proposed since the previous study had
shown that it reduced integrity ramifications while preventing pipeline stoppage.

There are type A and Type B steel sleeves [3,4]. However, this study focused on a type B steel
sleeve, which is pressure-containing, with each end fillet welded to the carrier pipe. The flaw
repairing at 80 percent might be necessary including circumferentially orientated and leaking faults
by choosing a type A steel sleeve. Type B Welded Sleeves are commonly utilized [5]. In SRW, two half-
sleeves are built around the pipe portion with a longitudinal butt weld, and then the sleeve is
attached to the pipe with a circumferential fillet weld. The sleeve welding process was modeled
based on Shielded Metal Arc Welding (SMAW), which was widely recommended. Then, the electrode
chosen, E7018, was based on the suitability of the SMAW process and used by a past study [6]. The
steel sleeve repair welding is known as a challenging task requiring a skilled welder and equipment.
There will be sufficient welding rods to complete the welds required along with adequate backup
equipment such that should any item fail during the welding operations the replacement can be
brought in to replace it immediately. A stand-by qualified welder will also be on hand

Several finite element (FE) simulations of SRW were undertaken over the past two decades to
examine the transient temperature field, cooling rates, stress fields, and prediction of molten state
utilizing thermo-mechanical elastic-plastic models. For example, Wang et al., [7] have carried out a
study on the effect of thermal on pipelines. Because of this, this study was carried out to investigate
the stress and deformation that occurs in pipelines with and without steel sleeves with some
manipulation such as position of strain gauge on the pipe and differential in pressure [8,9].

2. Methodology
2.1 Material and Method

The methods and procedure of the analysis are explained where the test is conducted using a
strain gauge and water pump to give pressure inside the steel pipe. The test results are strain, stress,
and deformation which vary in pressure and strain gauge orientations.

2.2 Strain Gauge Installation

The process of attaching the gauge is divided into several minor parts and sections as mentioned
by Ling et al., [10]. Before gauge installation, the bar surface must be thoroughly clean. Acetone is
reapplied to eliminate any dust that has accumulated on the surface. These stages are completed
swiftly and smoothly to guarantee a secure connection. Gauge installation tape has two functions. It
enables the gauge to be handled without touching it, and it assists in positioning the gauge on the
specimen before gluing. The length of the tape should be between 2 and 3 inches, with the gauge
centered on the strip. Applied one drop of CN adhesive to the seam where the peeled-back tape
meets the steel. Using a smooth and continuous motion, slide a finger or thumb from the connected
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end of the tape to the free end. Then the process is repeated to other positions on the steel total of
four strain gauge positions.

2.3 Experimental Setup

After strain gauge is place on the steel surface well positioned to carry out the analysis. We set
up the experiment which consist of fixing PVC hose pipe with coupling and attach the PVC braided
hose to the steel pipe (Figure 1). The setup apparatus is PVC braided hose outer diameter 2.5-inch,
PVC glue, PVC coupling 2.0-inch x 0.8 inch and pressure regulator with pressure gauge. The first step
is to combine the small PVC braided hose with larger one using coupling and PVC glue at both side of
the steel pipe. Then, attach the pressure regulator on the exit PVC hose. Next, connect the hose pipe
to motor pump which allows the water pump to flow water with certain pressure in and out in
constant flow.

(a) (b)

Fig. 1. Experiment setup of sleeve pipe (a) Pressure gauge embedded (b) Pipe installation

2.4 Data Reading and Pressure Change

When the water is flowing through the steel pipe there is a pressure reading on the pressure
gauge which is attached to the exit PVC braided hose. The pressure is due to the pump motor hose
power. Now the pressure regulator is adjusted to differentiate into three vary pressure which is 2 psi,
4 psi, 8 psi, and 12 psi. The data is collected and noted for each different pressure from the data
logger of the strain gauge.

3. Results

The study of steel sleeve repair method effects for underground pipeline system is carried out
with a few analyses; stress, strain, and deformation. The experimental analysis is carried by using a
hollow bar steel with and without steel sleeve repair with water as a stream flow inside the steel bar
as the pressure element. The strain result in both conditions, with sleeve weld and without sleeve
weld is discussed. The discussion is based on strain results obtained against two different orientations
0° and 180° with different pressures of 2 psi, 4 psi, 8 psi, and 12 psi. The discussion then continues
with the correlation between deformation and two different orientations 0° and 180° with different
pressures of 2 psi, 4 psi, and 8 psi. Following by stress analysis on steel pipe. The discussion is about
the stress that is obtained on the steel pipe with and without the sleeve repair method. The stress is
studied with a stress and strain graph to know the effects of the steel sleeve welding and the
difference in the results of the orientation.
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3.1 Strain Result on Steel Pipe with SRW

The test is done twice at the top of the steel and the bottom of the steel. The strain gauge is also
positioned in two horizontal and vertical orientations. The test results are as follows. Figure 2 shows
the results obtained on a steel pipe with sleeve repair. The strain gauge at horizontal (0°) orientation
shows a graph with increasing trend for both tests at the bottom of the steel pipe and the top of the
steel pipe. This indicates the strain increases simultaneously with pressure as per a previous study
on strain and pressure on steel pipe manipulating the positions [11]. The graph shows the strain
increases at higher values from the initial pressure to the second. Then it increases at a lower rate
before increasing to a higher strain rate at the end pressure. This indicates that the pressure range
of 4 psi to 8 psi with the difference of 2 psi doesn't give very large significant changes in the strain
value. The maximum strain at the bottom and top is 25 pe and 40 pe, respectively. The maximum
strain data indicated less significance at the top and bottom than steel pipe without sleeve repair.
This was agreeable with the test conducted by the Australian pipeline, which can be concluded that
the steel sleeve repair welding can significantly repair and strengthen the steel pipe [12].

Strain with horizontal strain gauge orientation
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Fig. 2. Strain with sleeve repair with horizontal orientation strain gauge

Figure 3 shows the strain on a steel pipe with SRW with a 90° vertical orientated strain gauge.
The graph trend is increasing but not evenly with all four different pressures. The initial pressure, 2
psi, recorded the reading of strain 14 pe, followed by 16, 24, and 30 pe for 4 psi, 8psi and 12 psi,
respectively. Hence, the strain reading drastically increased from the second pressure, 4 psi, to the
last pressure, 12 psi. At the same time, the strain result of initial pressure to the second pressure
shows a very slight increase of 2 pe only. This is because the pressure rate is insufficient to increase
the steel pipe strain significantly. It needs a certain amount of pressure to effect strain on the steel
pipe [13]. Figure 2 and Figure 3 clearly show that the strain is higher at the top of the steel pipe
compared to the bottom. This result is different from the steel pipe without SRW, which shows the
strain is higher at the bottom of the steel. This situation occurs due to the gap between the welded
sleeve, which may reduce the reading of strain.

The graph in Figures 2 and Figure 3 shows a small gap between the welded sleeve at the bottom
of the steel, which causes the strain reading to be less than the top, indicating a lack of stiffness in
this area. This occurrence can be related to the study carried out by Arifin et al., [14]. Hence the strain
results it shows that the steel pipe with SRW shows better in strength. The steel pipe with SRW shows
less strain reading in both top and bottom of the steel compared to steel pipe without sleeve welding.
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Strain with vertical strain gauge orientation
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Fig. 3. Strain on steel sleeve with vertical orientation strain gauge
3.2 Deformation Result on Steel Pipe

The obtain deformation result indicated the deformation reaction of steel pipe upon pressure.
This study is vital to ensure the maximum pressure the steel pipe can withstand and the effect of
steel sleeve welding on the steel pipe. The sensitive used is in nanometer the deformation on the
steel pipe is minimal due to very less pressured pump is used and under safety measures. The test is
carried out on steel pipes with and without sleeve repair with different orientation of strain gauge.

3.2.1 Deformation result on steel pipe without sleeve repair

The deformation is the highest, 60 nm at the top of the steel, when the pressure is the highest at
12 psi (Figure 4). The deformation increases proportional to the pressure for both tests, on top of the
steel pipe and also at the bottom of the steel pipe [15]. Deformation is lower at the bottom of the
steel pipe than at the top of the steel pipe. It is proven by the data obtained at 2 psi, 8 psi and 12 psi,
where the result is 30, 48, and 56 nm at the bottom of steel pipe while larger at the top of steel which
are 34, 50, 60 nm. This phenomenon happens due to the flow inside the steel pipe, where the bottom
of the steel pipe is at a higher flow rate than the top [16]. It shows that the top of steel deforms lesser
when the pressure is increased from the initial pressure, but at the bottom of the steel, the
deformation is much larger when the pressure is increased. The deformation value is the same at 4
psi because the pressure is not enough to give many changes in the deformation, where we can see
significant changes in the pressure when increased to 8 psi and 12 psi. [17].
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Horizontal strain gauge placement
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Fig. 4. Deformation on steel pipe without sleeve at horizontal strain gauge 0° orientation

BOTTOM OF STEEL PIPE (150°)

Figure 5 shows deformation on steel pipe without sleeve repair at vertical strain gauge
orientation. The graph shows the result increases, yet at an inconsistent reading in the deformation.
The inconsistent increment is due to the difference in pressures. The bottom of steel's initial reading
is 34 nm, while the initial reading at the top of steel is slightly lower is 32 nm. This is because the
strain gauge is exerted with pressure while applying the strain gauge, which may cause a slight
deformation of the strain gauge initially. The highest deformation reading for vertical orientation
strain gauge is 80 nm, while for horizontal orientation is 20 nm lesser. Compared to the results of
deformation obtained for the horizontally positioned strain gauge in Figure 4, the deformation is
higher at the vertical orientation strain gauge. The vertical orientation strain gauge gives higher
deformation because the flow inside the steel pipe is perpendicular to the flow, giving higher
resistance to the strain gauge compared to when the flow is parallel. Ibrahim [18] explains that strain
gauges can only detect strain in one direction, therefore multiple strain gauge orientation allows for
additional measurements to be obtained, enabling a more exact evaluation of strain on the surface
being measured.

Vertical strain gauge positioned
A
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Fig. 5. Deformation on steel pipe without sleeve repair at vertical strain gauge 90° orientation
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3.2.2 Deformation result on steel pipe with sleeve repair

Figure 6 indicates the correlation of sleeve pipe deformation against the changes in pressure at
the horizontally positioned strain gauge. The result of the graph shows that the deformation trend
increases when the pressure is increased, similar to the previous graph in Figure 6. This proves that
the more the pressure, the more the deformation happens on the steel pipe, either with or without
sleeve repair. The graph in Figure 6 shows that the deformation is higher at the top of the steel than
at the bottom. Steel pipe with SRW gives a higher deformation value at the top of the steel.

DEFORMATION WITH HORIZONTAL STRAIN GAUGE ORIENTATION
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Fig. 6. Deformation with sleeve repair with horizontal orientation 0°

In Figure 7, deformation with sleeve repair with vertical orientation 90° graph is formed to analyse
the deformation effect on sleeve pipe with different pressures applied. At the bottom of the steel
pipe, the deformation was observed to be increasing in the high range where the initial deformation
is 8 nm for 2 psi of pressure. Then the steel pipe shows an increase of deformation to 20 nm for 4 psi
followed by 32 nm for 8 psi. Lastly, for deformation at the bottom of the pipe with sleeve repair, the
result obtained for the last pressure of 12 psi is 34 nm, where the deformation is 2 nm increased.
Overall, the trend for deformation at the bottom of steel pipe with sleeve repair shows an increasing
trend because pressure increase will increase the deformation.

DEFORMATION WITH VERTICAL STRAIN GAUGE ORIENTATION
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Fig. 7. Deformation with sleeve repair with the vertical orientation of 90°
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The result obtained shows that the steel pipe with sleeve repair method applied has 40% much
lesser strain and deformations occurrence than the steel pipe without sleeve repair. For example, for
deformation in steel pipe vertically orientated, the max deformation for steel pipe with sleeve repair
is only 34 nm, whereas for steel pipe without sleeve repair, it is very high at 80 nm. These results can
be correlated with the study by Wan-Gon Bae on deformation that happens to steel pipes with
different thicknesses and pressure [19,20].

4. Conclusions

This project is carried out on a high standard carbon steel pipe which is commonly used in
underground pipeline system. The study is to compare the effect of pressure stream flowing inside
the pipe to the steel pipe. The test is done on steel pipe with steel SRW and without steel SRW. The
study is fully on experimental approach tested using strain gauge. The strain gauge is fixed on various
position and orientation to study the effects on the steel pipe such as, stress, strain and deformation.
From the results obtained, the stress value is less 40% average on the steel pipe after steel SRW. In
all positions and orientations of the test is shows that the stress is less on the steel sleeve welded
pipe. Besides that, it can be concluded that steel pipe without steel SRW shows higher rate of 10 nm
deformation in average compared to steel pipe with SRW. It is also observed that, the pressure
differences effect the stress and deformation on the steel pipe. Where the graphs of the results show
the stress and deformations increases when the pressure increases. The strain value also increases
by 30-40 % when the pressure increases. Besides that, the steel pipe with SRW has lesser impact of
strain compared to steel pipe without SRW. Hence from the result that is obtained from the
experiment it can be said that steel SRW has a positive outcome on a steel pipe. Where it shows
lower reading for stress, deformation and strain on the steel pipe compared to when it has no steel
sleeve repair. The steel sleeve repair method can help to strengthen the steel pipe if the steel pipe
has defects especially.
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