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Abstract. The current system of risers used by petroliferous companies is expensive, demanding mechanisms of
traction and fluctuation of high cost, with projects performed by considerations of fatigue. Risers constructed with
composite materials presents advantages when compared with conventional risers in steel. They are more light and
better thermal insulators; they have more resistance to the fatigue and corrosion. Such characteristics improve the
system of platform in structural and mechanical terms, facilitating the extraction of oil in deep waters. The objective of
this work is the study of risers manufactured in composite material. We will present details about the project of riser,
some characteristics and test results, as well as a finite element analysis using ANSYS, showing the riser in composite
material as a viable alternative to the current system with risers in steel.
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1. INTRODUCTION

The development of rigid risers in composite material was started in 1979. The use of these risers present a great
potential of cost reduction in the oil platform. They are more light and better thermal insulators; they have more
resistance to the fatigue and corrosion. Such characteristics improve the system of platform in structural and mechanical
terms, facilitating the extraction of oil in deep waters.

Functionally, composite risers must have a similar performance to the metallic risers. Generally, the functions are: to
control the fluid and pressures in the oil well; to cover the duct that transport the fluids to the reservoir, and from the
reservoir; to guide the drill and tools to inside the oil well (Fisher et al., 1977). In these functions, composite risers do
not need special equipment or handling techniques.

To become the production cost more competitive, the body of the composite riser can be a hybrid structure (Fig. 1),
composed by carbon fiber and glass fiber in an epoxy mold. This material is applied in the surfaces of the wall of the
duct to maximize the resistance to the external pressures, as well as the resistance to damages and impacts. The carbon
layers of longitudinal winding in composite riser supply rigidity and resistance to axial loading.

Figure 1. Composition of the riser wall (Baldwin et al., 1997).

 Glass fiber (circumferential)

 Internal covering

 Carbon fiber (helicoidal)

 Hybrid layer carbon/glass (circumferential)

 External covering



The most tests with risers (approximately 90%) take into consideration traction forces combined with pressures. In
accord with analysis performed by Baldwin et al. (1997), the rupture by axial traction occurs in the interface metal-
composite around 3747 KN (Fig. 2).

Figure 2. Graph Traction x Time for composite riser (Baldwin et al., 1997).

Pressure tests with combined effect show 50% of defects in the interface metal-composite, and 50% of defects in the
bodies of the risers around 84 MPa (Fig. 3). In order to establish industrial confidence in the behavior, the composite
riser was tested under conditions of static fatigue (rupture tensions). One of the objectives of these tests was to establish
the permissible values of resistance, dependent of the time, for laminated composites with different possibilities of
defect (Baldwin et al., 1997).

Figure 3. Graph Pressure x Time for composite riser (Baldwin et al., 1997).

The results of the cyclical tests of fatigue are given by S-N curves. The inclination of the fatigue curves depends on
the type of material (carbon or glass) and the failure mode (traction or compression). In Fig. 4, the inclination of the line
of lifetime shows the loss of resistance with the time.

For the meaning of the fatigue curve, the selected value is the average of the resistance in the temperature based on
the data of the final static tests (Johnson et al., 1998).
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Figure 4. Static fatigue (rupt

2. METHODOLOGY
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of the riser (Fig. 5).

Figure 5. 
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Figure 6. Riser with the refined mesh.

In order to obtain comparative parameters with the analysis performed by Gonzalez (1990), we use a modeling with
axis-symmetry, and not taking into consideration non-linearity. The analyzed riser has external diameter of 0.40 m and
internal diameter of 0.384 m, and was placed in a depth of 1000 m, being submitted to a distributed triangular loading
(marine flows) and axial traction of 3747 KN (Fig. 7). Other data include: wave velocity equal to 0.33 m/s, specific
weight of the water equal to 1000 kg/m3, and dragging coefficient equal to 1.2.

Observe that in the analysis of Gonzalez (1990), the composite riser was not tested, and the used method for analysis
was Newton-Raphson.
    

Figure 7. Riser with the applied tensions.

3. RESULTS AND DISCUSSION

From criterion of the maximum distortion, used by the ANSYS program, we observe in Fig. 8 the maximum
resultant tensions for steel riser, which occur close to the top of the oil well (1.482 x 105 MPa) and close to the top of
the riser (1.903 x 105 MPa). Figure 9 presents the steel riser with a maximum deformation equal to 18.612 m.
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Figure 8. Steel riser with resultant tensions.

Figure 9. Deformed structure of the steel riser.

Applying a similar test to composite riser, the regions close to the top of the oil well and close to the top of the riser
presenting, respectively, the following maximum resultant tensions: 1.478 x 105 MPa and 1.898 105 x MPa (Fig. 10).

Figure 11 presents the composite riser with a maximum deformation equal to 31.792 m.



Figure 10. Composite riser with resultant tensions.

Figure 11. Deformed structure of the composite riser.

From results obtained by the analysis and shown in Figs. 9 and 11, we observe that the composite riser presents a
greater deformation (31.792 m) when compared to the steel riser (18.612 m). This behavior is normal and already
expected, since the longitudinal modulus of elasticity of the composite material is minor to the steel one. Thus, the
composite riser presents a greater displacement when compared to the steel riser, taking into consideration the structure
supported in both extremities. Also we can verify that the resultant tensions have near values (Figs. 8 and 10).

Comparing the results of the analysis presented here with the analysis performed by Gonzalez (1990), the steel riser
presented a maximum deformation equal to 19 m, approximately. Then, the result is similar to the value of 18.612 m.
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For the composite riser, taking into consideration that Gonzalez (1990) not performed the test, we stipulate the value
for deformation from proportionally of the modulus of elasticity. Thus, the maximum deformation to the composite
riser by analysis of Gonzalez (1990) will be 32.5 m. Then, the result is similar to the value of 31.792 m.

More details about this analysis presented here and other analyses related to the composite riser can be seen in Sousa
(2007).

4. CONCLUSION

This work presented the development and tests of a riser in composite material. A study of the composite riser was
presented, observing details in relation to the structural and functional characteristics. This study emphasizes the
reduction of the costs from the use of composite riser in place of the steel riser. The composite material can be used not
only in petroliferous industries, but also in naval, aeronautical, automobile, and aerospace industries.

By application of the finite element methods, from analysis using ANSYS, we concluded that the riser in composite
material presented excellent results in the tests, when compared to the steel riser, representing a viable alternative to the
current system.
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