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ARTICLEINFO ABSTRACT

Keywords: Fiber reinforced plastic (FRP) piping system has been successfully used

gZZjZ for over fifty years in applications r.equiring the corrosi'or'l res'istance 'of
Composite plas.tlc anfi the §trength of metallic .systems. FPR piping is readily
Internal Pressure available in a wide range of types, sizes, and wall 'th}ckness. to meet
Piping System numerous design requirements. The knowledgeable piping designer can

design a successful project by using established standards and criteria.
All the tests have been done using the “hydraulic testing machine” the
results have been obtained from the meter which is connected to the
machine, along with the use of internal pressure load to test and observe
the behaviors of the fabricated tubes, having in mind that all the tests
have been done under the room temperature.

1 Introduction

This Pipelines have been in use for centuries. For example, the Romans employed lead piping in their aqueducts
over a millennium ago to deliver water to Rome. In China, as early as 400 B.C., bamboo pipes coated with
waxed fabric were used to carry natural gas to Beijing for illumination purposes [1-5]. Additionally, clay piping
systems were utilized around 4000 B.C. in Egypt and other regions for drainage. A major advancement in
pipeline engineering emerged during the 18th century with the production of cast-iron pipes, which became
widely used for water supply, sewage systems, and gas distribution [6-7]. Composite materials one from the
important modern materials that use in a lot of applications such as pipes or bottles capable and fuel tank and
fuel containers of holding internal pressure, one of this application the topic of this research in the pipes, in this
study, the composite materials used to fabricate the pipes, so this chapter will going to introduce the composite
materials and the types and the classification of it and also the significant of composite materials to make the
pipes line that will be more safety and more light than before in order to reduce the fuel consumption by reducing
the weight if the pipes use as an equipment in transportation sector [8-10].

One of the key benefits of composite materials is that, when properly engineered, they tend to demonstrate the
most desirable traits of their individual components—and sometimes even exhibit new characteristics not found
in either material alone. The formation of a composite can enhance a wide range of properties, such as strength,
rigidity, resistance to corrosion and wear, visual appeal, weight efficiency, fatigue durability, behavior under
varying temperatures, as well as thermal and acoustic insulation or conductivity [11].

In fiber-reinforced composites, the primary elements are the fibers themselves and the surrounding matrix, which
serves to bind the fibers together. Additional components may include surface treatments like coupling agents
and coatings, as well as fillers. Coupling agents and coatings are typically applied to fiber surfaces to improve
compatibility and adhesion with the matrix, which leads to more effective stress transfer at the fiber—matrix
boundary.
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Fillers, particularly in polymer-based matrices, are commonly added to reduce material costs and enhance
dimensional stability [12—14]. The thickness required to support a given load or to maintain a given deflection
in a fiber reinforced composite structure is obtained by stacking several laminas in a specified sequence and then
consolidating them to form a laminate. Various laminas in a laminate may contain fibers either all in one [15].

2 Material and Methodology

The Importance of the bursting pressure test for the different type of composite tubes specimens in different layers
is to study the performance of composite materials under internal pressure loading and for investigation effect of
fibers types on stress and strain. Woven roving glass fiber/epoxy, carbon fiber/epoxy and kevlar fiber/epoxy had
done to find which one from these composites is suitable to design and fabricate the tubes. The method generates
stresses in the material, primarily in the hoop direction, and provides important information on the mechanical
properties of the tubes that are subjected internal pressure First, confirm that you have the correct template for
your paper size. This template has been tailored for output on the custom paper size (21 cm * 28.5 cm).

2.1  Specimen Design

The specimens used for testing are cylindrical tubes that are hollow and open at both ends. Each tube measures
320 mm in total length and has an internal diameter of 45 mm—matching the outer diameter of the mandrel used
during the filament winding process. The gauge length, defined as the span between the reinforcement areas, is
100 mm. The thickness of the tube walls varies depending on several process parameters, including the tension
applied during winding, the winding angle, and the type of reinforcement material used (see Figure 1).
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Figure 1. Schematic of the Testing Pipes Size and Design

Each of three materials mentioned above (Glass fiber, Kevlar fiber and Carbone fiber) were used in this study.
Pipes (UPVC Pipe, BS 3506, 40 mm, Class 0) as shown in Figure 2 were prepared, cut to multiple 320 mm length
pieces, each fiber material were used to rolling nine pipe pieces, each pipe were rap with Epoxy material using a
fine brush. Fiber rolling was done slowly, uniformly and carefully to prevent any deterioration throughout the
composite pipe. The rolling procedure was done with 0-90 degree for each specimen. The handle fabrication of
the Specimen shown in Figure 3.

2.2 Test Set Up

The initial design utilized a fixed-end gripping mechanism, which secured the test specimen at both ends, thereby
preventing any longitudinal movement. This setup was achieved by connecting the two end units using metal rods.
After preparation of the specimens, both ended of the specimens were closed with a metal lock, one of the metal
locks consists of a valve to permit the flow of the oil inside the specimen. In addition, air valve was made in the
specimens ending part, this valve permits the exclude of the air out of the specimen in one direction; the air was
not allowed to pass through the valve inside the specimen. The metal lock was fixed by embedded it in the silicon
material and by using rubber bands to prevent the leakage of the fluid throughout the ends and to control the
internal pressure inside the specimens. The setting time for the silicon material was around 20 minutes. (Figure 4
shows a specimen burst).
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Figure 4. Typical Photograph of Specimen Burst
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3 Experimental Work
3.1 Stress -Strain Curve

The burst test was carried out for all specimens (Figure 5) showing the significant values in Table 1. The
hydraulic pump and all testing Equipment were shown in Figures 5 and 6, then connected to the specimens
ending with the valve by using rubber joint; the pump was filled with normal oil. The pump was involved of
pressure gauge with 700 bar as a maximum pressure

The stress is represented by the applied hoop stress (cH) and this is plotted against the measured strain in the
hoop direction. The sequence of events during pressurizing can be summarize in the following way:
e As the pressure increases, the first sign of damage is detecting when the manual pumping more is
resisting gradually at a hoop stress of approximately.
e Creaking sound occurs, which gets higher when the pressure increases.
e The maximum hoop stress/strain value shown in Figures 7, 8 and 9 represents the hoop bursting
stress/strain.

Figure 5: Metal Plug and it is Modification for Testing Procedure (Glass Fiber)

Figure 6. Typical Photographs of the Testing Equipment

4 Results and Discussion
4.1  Stress -Strain Curve for All Specimens with Two Layers

Figure 7 shows the stress- hoop strain relevance for the glass fiber, carbon fiber and Kevlar fiber, each with two
layers. It clearly shows the linear curves between stress and strain, it represented the linear elastic properties. The
Kevlar fiber with 2 layers’ product a highest stress more than carbon fiber and glass fiber. The minimum value of
stress is recorded to the class fiber with two layers. The carbon fiber with two layers bears a hoop strain less than
other two types of fiber. Table 1 shows all of significant values.
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Figure 7. Hoop Strain- Stress Curve for All Specimens with Two Layers

Table 1: The significant values of the stress- strain curve

Specimen Hoop burst
name

Hoop stress Hoop strain

(MPa) (mm/mm)
GE 2L 192 0.00429
GE 4L 233 0.00520
GE 6L 220 0.00492
CE2L 245 0.00170
CE4L 286 0.00198
CE 6L 268 0.00186
KE 2L 309 0.00408
KE 4L 347 0.00458
KE 6L 329 0.00434

4.2  Stress- Strain Curve with Four Layers

Figure 8 shows the hoop strain- hoop stress relevance for the glass fiber, carbon fiber and kevlar fiber, each with
four layers. It clearly shows the linear curves between stress and strain, it represented the linear elastic properties.
The highest stress is recorded to the kevlar fiber. Carbon fiber followed the kevlar fiber and recorded hoop stress
more than glass fiber. The minimum value of hoop strain recorded to the carbon fiber, the glass fiber product a

maximum value of strain.
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Figure 8. Hoop Strain-Stress Curve for All Specimens with Four Layers

4.3  Stress- Strain Curve All Specimens with Six Layers

Figure 9 shows the hoop stress-strain relevance for the glass fiber, carbon fiber and Kevlar fiber, each with six
layers. The stress strain curves show the linear elastic properties. The glass fiber products the highest strain more
than Kevlar fiber and carbon fiber respectively. The highest value of stress recorded to the Kevlar fiber. The glass
fiber products stress less than the other two types Kevlar fiber and carbon fiber.
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Figure 9. Hoop Strain- Stress Curve for All Specimens with Six Layers

5 Conclusion

The stress-strain curves influence directly with the number of layers, the hoop stress-strain curves maximum
values increase according to number of layers increasing and both of them linearly increasing that mean the GE,
CE and KE composites behave as brittle materials in hoop stress-strain curves because it does not show any
plastic deformation but fail while the deformation is in elastic zone and also it does not have any yield point,
and do not have strain-harden which means that the ultimate strength and breaking strength are the same then
the curve dropped dramatically when the fail is done. To investigate the specific, behave of composite material,
different types of specimens has been made to optimize the design; woven roving carbon fiber, woven roving
glass fiber and woven roving Kevlar fiber were fabricated to make a comparison between them results. The
results were varying from parameter to another, in burst pressure test the KE specimen’s results was best than
each of GE and CE. KE specimens can carry the highest pressure between them, CE specimens came after KE
specimens in internal pressure load carrying then the GE was the lowest one
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