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Abstract. This work shows the development of computer graphics procedures for the visualization of results from finite
elements associated to the analysis of risers and mooring lines. Due to an increasing expansion of the activities done by the
explored petroleum industry, the development of computational systems for the numerical analysis of offshore structures
behavior has increased considerably. Thus, a better understanding of the physical phenomena related to these engineering
problems requires the development of procedures that make the quantitative and qualitative visualization of the numerical
analysis results obtained. The procedures proposed in this work are based on the integration of a flexible data structure, using
object-oriented programming, with high computational graphic resources. The data structure allows a greater flexibility for
an incorporation of new technologies. The graphical resources permit a bigger capacity of technical understanding of the
physical phenomena associated with the problems studied. The procedures are incorporated in a computational environment
that allows the visualization of risers and mooring lines analyzed by the Finite Element Method. Numerical examples are
shown to validate the proposed procedures.
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1. INTRODUCTION

The computational modeling of risers and mooring lines have become even more used in many research centers in Brazil
and also abroad. The usage of this research is increasing fast due to the high demand petroleum industry has provoked. They
need computational systems capable of simulate all physical behavior of an offshore structure, including the visualization of the
achieved results.

Nowadays, Petrobras frequently uses the mooring lines system to hold the platform to the bottom of the sea floor, like
shown in Figure 1.This kind of clipping system is object of many researches (Silveira et al, 2000), (Ferreira et al, 2004),
(Ferreira, 2005), (Silva, 2005). The system’s final objective is to leash the platform on land found in the deepest parts of the
sea.

Figure 1: An offshore structure with risers and mooring lines. (Source: Ferreira, 2005).

Another element used on the composing of exploring petroleum systems is known as risers. This element is composed by
ducts that stream the oil from the sea to the platform. Ferreira (2005) says the mechanical behavior of the risers and mooring
lines are similar, once they are submitted to similar efforts.

Ferreira (2005) even says the risers and mooring line system is the most applied method by Petrobras of leashing platforms
in deep water. In fact, Petrobras has the record of the deepest perforated soil.

With the great use of this system, appears the demand of studies on the dynamic behavior of this type of structure in the
state of service, submitted to the many combined loads (tide stream, waves, clumps, buoy etc.). In the engineering point of
view, this system is analyzed using the numerical methods, precisely the Finite Element Method (FEM), by which the structure
is discrete in element and nodes. The reason why the FEM was chosen is because it has great versatility, quality and it is quite
easy to program it.

On the other hand, the high technological development related to the exploration of petroleum has generated many
numerical analyses of problems even more complex, creating a huge data volume and making the technical interpretation of the



simulated problems really difficult. Examples of programs that calculate those analyses can be found at (Mourelle et al, 1995),
(Coelho et al, 2001), (Fucatu e Nishimoto, 2003), (Silveira, 2001), and (Ferreira, 2005). The development of graphical tools for
visualization of these mooring lines have become even more necessary, with the purpose of improving the capability of
interpretation of phenomena associated to the mechanical behavior of the structure dynamics.

One of the most famous graphical programs with all the described features is Orcaflex (Orcina, 2005). Orcaflex is a
computer system developed by Orcina, designated for dynamic analyses of flexible or rigid ducts. Therefore, beside this system
being commercial, making difficult the use in researches, Orcaflex has problems associated to a better presentation (qualitative
or quantitative) of the results, limiting the possibility of proper risers and mooring lines visualization.

Inside this context, this work shows the development of computer graphic procedures to the visualization of risers and
mooring lines, results of FEM associated to the dynamical analysis of risers and mooring lines. The proposed procedures are
based on the incorporation of a flexible data configuration, via Object Oriented Programming, with advanced resources of
computer graphics. The data organization concedes great flexibility for the implementation of new technologies. The graphical
resources permit a greater ability of technical understanding of the physical phenomena related to the studied problem. The
procedures are incorporated into a computer environment which consents the visualization of risers and mooring lines analyzed
by FEM.

Section 2 of this work shows a description of the flexible data structure used to support the development of the graphical
procedures. Section 3 describes the graphical procedures based on the use of advanced methods of computer graphics. As a
matter of illustration of the procedures, Section 4 offers graphical examples of the procedures in a developed computational
environment. Section 5 has the final considerations of the work.

2. DATA STRUCTURE

The graphics procedures developed in this work are based on a structured system created by the composition of elements of
the group platform-lines-land, as shown in Figure 2.
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Figure 2: Studied physical problem. (Source: Silva et al, 2006).

To support dynamical visualization of data associated to the structural system, a topological data structure is produced to
ease the use and manipulation of the associated information of each element of the system. This data structure is based on an
organization of classes, agreeing to the paradigm of Object Oriented Programming (Ellis and Stroustrup, 1993) (Ricarte, 1995),
which, among others advantages, allows an easier expansion of the algorithm: new functionalities are implemented without
difficulties. Figure 3 illustrates the Class organization used to support the proposed procedures.

The system’s data structure is controlled by class Model. This class gets all info of the structure. The access of the
information is conditioned to the manipulation of a Model-type element, disconnecting the whole data structure from the
graphic interface. The other classes were conceived to convert the real problem into a computational arrangement, creating
classes referred to real entities (Line, Segment, Node, Step etc.)
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Figure 3: Class organization of the environment.

Figure 4 shows the model discrete procedure in Lines, Segments, Elements and Nodes. Each line inserted in the analysis is
composed by two Nodes, each one on the extremity, called Anchor and Fairlead. These nodes represent the link soil-line
(Anchor) and link Line-platform (Fairlead). Model’s Lines can be subdivided in Segments and every Segment keeps
information of the different type of material incorporated in the analysis.
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Figure 4: Model discrete.

A Segment can even be subdivided into elements that are composed by two adjacent Nodes, creating, thus, a mesh
corresponding to the FEM mesh. It is important as well, to declare that the elements inserted in a segment will have the
information of the material associated to the segment

3. PROPOSED GRAPHICS TECNOLOGY
This section shows the principal graphics technology proposed in this work to visualization of the dynamic behavior of

risers and mooring lines (Fig. 5). Procedures here showed use advanced graphic resources, allowing facilities to represent the
considered objects and improving its understanding. This section describes each one of these technologies.
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Figure 5: Graphics technology developed.

3.1. Interpolation of the nodal points, associated to the lines system

The interpolation of the nodal points consists on the implementation of a numerical strategy to interpolate the nodal points
resulted by the FEM. The main subject of the development of this strategy is based on the need of a more detailed visualization.
Applying smoothness to the lines brings more realistic lines which increases perception and technical interpretation. The
proposed methodology consists of using B-Splines curves (Piegl e Tiller, 1997) to interpolate the mesh former’s FEM nodes.

Using conventional methods of drawing lines, composed of element and nodes only, can be clearly seen straight parts due
to a weak discretization of the FEM model. Using nodal points” interpolation with B-Splines curves, a smooth curve is
achieved, with realistic approximation of the real one and its behavior. Figure 6a-b illustrates the difference using both
methods.
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Figure 6: Nodal points” interpolation: a) FEM line; b) B-Splines interpolation line.

The numerical strategy is to run over the lines of the model stored in the data structure, its segments and elements, with the
purpose of capture all nodal points that order a line, as shown in Figure 4. The taking of the nodal points follows this strategy:
in a line, occurs an identification of the segments that compose the line and, consequently, the element that are part of the line.
With this information, the adjacent nodes are stored, exercising care to not get the same node repeatedly. Then, it is used an
algorithm to organize the nodes belonged to every line of the model. Only now the B-Splines interpolation method can be
applied.

A B-Spline is represented by a p-degree curve, defined by the following form (Eq. 1):

{c<u)}=2Ni,p<u){Pi}, a<usb, 1)

where { Pi } are the control points, Ni p(u) are the base-function with degree P, U is a parametric value, located between the

parametrical limits a e b.

More information about the B-Splines interpolation method can be found in (Piegl e Tiller, 1997).

As a refinement criterion for interpolation of the curve’s points, the most used technique to plot B-Splines curves is based
on its approximation by an equivalent polygonal. Normally this refinement is uniform, meaning the polygon’s representative



points are equally spaced. However, it is desirable that, in regions with more accentuated curves, the quantity of points is
increased. Because of it, a practice proposed by (Figueiredo, 1995), which calculates the equivalent polygonal with an adaptive
way, is applied. In regions with accentuated curves, the number of points is amplified. This scheme is based on the following
steps:

Determination of a tolerance for the construction of the polygonal;

The curve is examinated, starting from its extremity, like shown in Figure 7 (a);

Part of the line is measured, verifying if the part is as straight as the tolerance allows;

If yes, a segment, connecting the extremities of the part, is drew;

If not, the segment is divided in two parts and the whole process is remade (Fig. 7(b)(c), until all curve is inspected and
olerance is followed in every part.
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Figure 7: Presentation of the method to calculate the adaptive polygonal:
a) part examination, from an extremity; b) drawing of the segments on the extremities of the examinated part;
¢) final drawing of the adaptive polygonal, compared with the curve.

3.2. Numerical Matrix

This section shows technology used in the numerical visualization of the information related to the results of the
analysis. This procedure permits the study of the results, such as displacement and velocities at each step of the simulation.
The results are organized in numerical matrices, giving a higher sensibility to the understanding of the problem. This
matrix is shown in Figure 8.

In the presented results matrix, some functionalities were incorporated, such as statistical functions, whose permit better
manipulation of the model’s data in a more convenient way. This way, the other cells of the matrix can be used to solve
calculus about the values of the simulation or about any interesting information.
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Figure 8: Matrix with numerical results.

The alteration of information in the matrix modifies automatically the data stored in the data structure used. This allows
flexibility for information adjustments amongst other graphical procedures shown and the numerical matrix. For example, the
modification of the velocity data of a node on the matrix alters as well as the speed of that node in the data structure.

3.3. Results graphics

Most of the time, the technical quantitative interpretation of physical information associated to the dynamical behavior of
risers and mooring lines demands visualization in a graph. In fact, classical interactive computational procedures must be used



with the intention of ease the interpretation.

Basically, in this work, the techniques developed in the elaboration of graphs are crucial in the characterization of the
dynamical study of physical info, such as velocity or acceleration fields versus time. The results are visualized in a specific
node of the FEM mesh, permitting the comprehension of the behavior as the analyzed time passes. Figure 9 demonstrates an
example of a graph with results associated to the physical quantities.
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Figure 9: Graphical interface.
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Inside this context, is also described a mechanism that allows the graph animation of results associated to a specific node
at time’s length, as shown in Figure 10. It’s possible to accompany all the behavior of specific
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3.4. Iso-stripes
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Figure 10: Graph’s animation.
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The visualization of iso-stripes (Fig. 11) is a procedure that allows a graphical interpretation, in a fast and easy way, of the
results of the analysis, achieving an enhanced capability of evaluate the real problem. These iso-stripes correspond to regions
that have the same field value, such as velocity and acceleration.
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Figure 11: Iso-stripes example.

The iso-stripes are obtained from a description of a standard color scale, like illustrated in Figure 12.The values
represented by the colors are globally actualized for each model studied. If the model has more than one step of analysis, all
steps are evaluated and the highest and lowest values are kept (Fig. 12a).

This scale is divided in intervals, creating intermediate values associated to it (Fig. 12b). To minimal and maximal values
found are assigned colors and an interpolation method is applied to find the intermediate colors (Fig. 12c¢). To find a color
corresponding to a specific value, the following rule is used (Fig. 12d):

a) The interval containing the desired value is found;

b) The colors for the limits of the interval are established,;

¢) Using linear interpolation (Eq. (2)), the desired color is acquired. Figure 10 shows the final scale of colors,
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Figure 12: a) lowest and highest values of the scale; b) intermediate values of the scale; c) link between the
values and the color; d) scheme for association between color and value; e) complete scale.
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With this tool, it is possible to generate iso-stripes and map all fields of velocity, acceleration of the risers and mooring
lines involved in the analysis. With this method, analyze the behavior of all physical information becomes really easy.

4. APPLICATIONS

The graphical procedures and the data structure previously described were integrated and incorporated to a computational
environment for the visualization of risers and mooring lines. The graphic interface of the system is supported by the 1UP
library (Scuri et al, 2003) which offers, among other advantages, portability for the use of the program in many operational
systems, besides, it allows the development of the interface in an easy and intuitive way. Graphical system OpenGL (Open
graphics Library) (Woo et al, 1997) is used in the visualization of 3D objects, permitting the user a better capability of
technical interpretation of the physical phenomena involved, making available the drawings of the entities with an adequate
standard of development. VGL library (Abraham et al, 2006) is used as a support tool to apply 3D visualization based on
OpenGL. This library contains advanced resources of computer graphics, including facilities to interactive manipulation of the



objects and stereoscopy. It is function in this work allows a simple application of geometric transformations on the objects

inserted in the scene.

Figure 13 corresponds to the visualization of the dynamical behavior of 10 mooring lines clipped to the ground. This
example was numerically simulated in (Ferreira, 2005). Figs. 14a-e shows a sequence of images, representing an animation of
the lines system. Figures 15 e 16 illustrates some graphical procedures used. In Figure 15 colored scales and iso-stripes can be

seen and on Fig. 16, it is shown a refinement on the interpolation of the nodal point of a line.
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Figure 13: Visualization of 10 mooring lines clipped to the ground.
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Figure 15: Iso-stripes and color scale.



Figure 16: Detail of the line, showing nodal interpolation.
5. FINAL CONSIDERATIONS

This work demonstrates the development of many graphical technologies used in the visualization of FEM results
associated no mooring lines and riser analysis, making the understanding of the physical problems associated to studies of this
nature easier. These technologies are conceived using advanced resources of graphic computer, allowing greater ability of
technical reading of the phenomena associated to the risers and mooring lines. A flexible data structure is used, inside the
perspective of the Object Oriented Programming, to give support do developments achieved. This structure makes possible,
among other things, the adequate representation of the structural elements involved in researches of this nature, as well as
representation of the numerical model (FEM mesh and simulation attributes) used in analysis.

Mixing all those computational aspects, a post-processor capable of creating an efficient graphical environment and with the
necessary tools for a better interpretation and technical comprehension of the results is achieved. The system is satisfactory for
the study and visualization of FEM results related to risers and mooring lines.

Graphical examples are shown with the objective of illustrating the abilities of visualization of the proposed procedures,
whereas the results obtained are reasonable.

Inside the line of action of this work, it is wanted, in future researches, to improve the presented technologies, also develop
new tools to make even easier the process of interpretation of the problems related to the dynamical behavior of risers and
mooring lines. More specifically, develop and incorporate procedures that bring even more realistic visualization of the
problem using virtual reality caves.
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