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A Study on the Two Dimensional Static Analysis of
an Offshore Pipeline by the Finite Element Method

Goog-Tai Kim, Han-il Park
ABSTRACT

Offshore pipelines have an important role in the overall tasks of offshore oil and gas
production. Offshore pipelines transport the crude oil or gas to an offshore terminal
where it can be loaded into a storage and a transportation facility. During
construction, the pipeline is exposed to various types of bending stress due to lateral
currents and various dynamic conditions.

This study presents the finite element method for analyzing the stresses and
displacements induced in offshore pipelines during installation under the combined
action of bending moment. external water pressure, and axial tension.

In this study, the governing equilibrium equations are derived by the principle of
minimum potential encrgy for the analysis of beam structures. This study is
concerned only with the static analysis of the stresses of the pipeline. A computer
program called S_PIPE is developed for the structural analysis of offshore pipeline
under installation. The accuracy of the program is checked by comparing the results
with those of OFFPIPE which is one of commercial programs for an offshore pipeline

laying analysis.
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Figure 3.1 Flow Chart of Numerical Analysis Program, S_PIPE
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Table 3.1 Input Data

Outside Diameter 0.32390 m
Wall Thickness 0.01270 m
Weight/Length in Air 2171.880 N/m
Submerged Weight/Length 896.934 N/m
Wrap Coat Thickness 0.00500 m
Concrete Thickness 0.03400 m
Pipe Properties Elastic Modulus 196500.0 MPa
Cross Sectional Area 0.012416 m°
Moment of Inertia 0.0001505584 m*
Yield Stress 358.50 MPa
Steel Density 7850.152905  Kg/m°
Wrap Coat Density 1299.69419  Kg/m®
Concrete Density 3043.832824 Kg/m®
Total Pipe Tension 250000 N
No. of Tensioners 1
Barge Data No. of Pipe Supports 8
Radius of Curvature 311.00 m
Pipe Angle at Stern 10.67 deg.
No. of Pipe Supports 4
Radius of Curvature 182.87 m
Stinger Data Stinger Stern Depth -11.85 m
Pipe Angle at Stern 22.837 deg.
Stinger Length 39.34 m
Water Depth 36.00 m
Seabed Data Horizontal Pipe Tension 203300 N
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Figure 3.2 Pipeline Configuration
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Figure 3.3 Camparison of Von Mises Stresses from OFFPIPE and S_PIPE for Fixed Condition



364 BRI BT R H208

4 OFFPIPE
O B_PIPE

34
]
8

TAL X

Figure 34 Comparison
Condition

PERCENT YELD {PCT)
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Figure 3.6 Comparison of Von Mises Stresses from OFFPIPE and S_PIPE for Free Condition
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Figure 3.7 Companison of Bending Moments from OFFPIPE and S_PIPE for Free Condition
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Figure 3.8 Comparison of VYield Stress from OFFPIPE and S_PIPE for Free Condition
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Figure 3.9 Comparison of Pipeline Configurations from Different Tensile .Forces
for Free Condition
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