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Integrated on-bottom pipeline simulation program

* Hydrodynamic load modeling UWAHYDRO
* Pipe-soll interaction modeling UWAPIPE
* Finite element analysis program ABAQUS

Beam element segment

e Beam element node

Pipe-soil interaction element

1 Hydrodynamic load
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» (1) At the beginning of the simulation:

1 - Developing the ocean surface
- Wave spectrum (JONSWAP)
- Spreading function  (1SO 19910-1)

- Linear wave theory

Wave Amplitude (m)




»> (1) At the beginning of the simulation:

2 - Estimating the hydrodynamic forces
- Wave kinematics at the pipeline level
- Hydrodynamic forces

Horizontal Force (kN/m)

Lift Force (kN/m)
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(Linear wave theory)
(Fourier Method)
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Hydrodynamic load modeling program UWAHYDRO

> (1) At the beginning of the simulation:

1 - Developing the ocean surface
2 - Estimating the hydrodynamic forces

Hydrodynamic loads will be develop the for each pipe node and will be
saved as “DataBase” for the rest of the simulation

» (1) During the simulation :
« Update the “DataBase” according to the pipe displacements!!
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State-of-the-art pipe-soil interaction model is developed by
Zhang (2001). The model is based on centrifuge experiments of

an element of prototype pipeline dimensions 1m in diameter and
8 m in length.

The beam centrifuge at UWA

Pipe model during testing
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The model uses the plasticity framework to directly relate the
resultant force on a segment of pipe to the corresponding
displacement.

yield surface
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The model formulations are coded In a computer program
named UWAPIPE by Tian and Cassidy in 2008.
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An example of pipeline simulation under 1 hour storm loading.

[llustrative Example

250 251
Node numerI
>|

248 249

< 250 x 5m pipe element= 1250 meter

Category Symbol Value Description
H, 12 m Significant wave height
T, 10s Peak spectral period

UWAHYDRO
U, 1 m/s Current velocity
® 5.43 Spreading constant
U, 0.40 Yield surface shape parameter
B 0.06 Yield surface shape parameter

UWAPIPE m 0.65 Plastic potential surface shape parameter
Kyp 400 kN/m/m | Plastic vertical stiffness
K, sk | 8000 kN/m/m | Elastic vertical & horizontal stiffness
E 2.1E11 kN/m2 | Young’s modulus
. D 1.0m Pipe diameter
Pipe : :

t 0.03m Pipe thickness
Ws 5.06 kN/m Pipe self-weight
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Hydrodyna
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Hydrodynamic Loads (time 2580 s)
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Pipeline displacement results O RSN
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Comparing the results with/without PME
with/without updating the “DataBase”
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Pipeline displacements of node number 38
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Conclusions

» The developed pipeline simulation program accounts for
- An accurate hydrodynamic modeling

- An advanced pipe-soil interaction modeling
- The coupling effect between the hydrodynamic load model and the

pipe-soil interaction model

Future studies

- Parametric study of the input parameters used in the pipeline simulations
- Deterministic and statistical analysis of pipeline stability in the NWS region

- Assessment of a displaced pipeline in the GOM after hurricane IVAN 2004
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