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Motivation for the work:

Requirement of Analysis of 
several complex Models in a Short 
Period of Time

PILE MODEL GENERATOR:



PROBLEM DESCRIPTION

3D Pile Analysis embedded in soil

Symmetric and non-symmetric models

Contact interface between pile and soil

Soil properties varying according to depth

Proprietary Preference to AEEEC3D proprietary solver 
developed by PETROBRAS for Soil Analysis



FEATURES for AEEPEC3D Preference

3D Solid Brick element with 20 nodes with a specific 

sequence numbering NOT supported by MSC.Patran

3D Solid Brick element with 16 nodes for contact 

representation

3D Solid Brick element with 12 nodes for infinite 

elements representation



3D Quadratic Solid Element 
HEX20 MSC.Patran Topology

Sequence Numbering NOT 
supported by MSC.Patran 

Commercial Version

20 Nodes Element



HEX20 MSC.Patran Topology 
used to Store Information in 

the Database

3D Quadratic Contact Element 
with ZERO Volume

16 Nodes Element



HEX20 MSC.Patran Topology 
used to Store Information in 

the Database

3D Quadratic Infinite Element

12 Nodes Element



STRATEGIC APPROACH

Completely automated model generation
Procedure to be used for non-expert 
MSC.Patran users
Model generation througth PCL (Parametric 
Command Language)
Process controled by G.U.I. (Graphics User 
Interface)
Preference Creation for AEEPEC3D



PROPOSED FLOW CHART

MSC.Patran AEEPEC3D 
for Analysis

PRE AND POST 
PROCESSING

PCL for 
Problem 

Automation

Preference for 
AEEPEC3D



AEEPEC3D Preference Selection
AEEPEC3D 

Analysis Code



AEEPEC3D PREFERENCE

Custom Functions 
Activation

G.U.I. - Graphic User Interface to Control the Process



Mesh Generator Screen



Analysis Control Screens



Analysis File Generation Screen

Creation of file 
for Analysis



CUSTOM EQUIVALENCE FUNCTION

Required because 
of the ZERO 
VOLUME 3D 

Contact Element

Group Name with Pile 
elements

Group Name with 
Contact Elements



PARAMETRIC MODEL GENERATORS

Activate Pile Model 
Generation Procedure

G.U.I. - Graphic User Interface to Control the Process



Parameters for Paramentric Modeling

Pile with 
Wings 



PIPE DEFAULTS TEXT FILE

Text File to fill values 
to the main screens 

Free format using 
KEYWORDS 



SYMMETRIC PILE MODEL

SOIL 

PILE 



DETAIL OF THE SYMMETRIC MODEL

SOIL 

PILE 



NON-SYMMETRIC MODEL

SOIL INCLINED PILE 



NON-SYMMETRIC MODEL - DETAIL

SOIL 

PILE 



SOIL DATA DEFINITION

Number of 
Soil 

LAYERS

Equation for 
each LAYER

Buttons for 
LAYERS 
definition



POST-PROCESSING USING POS-3D



POST-PROCESSING USING POS-3D



ADVANTAGES of AUTOMATION
Substantial Time Reduction for Model Generation 
from DAYS to MINUTES

Productivity Increase

Model Generation with varying Soil Properties

Possibility of Model generation by Non-Experts users 
of MSC.Patran

Reliabilty in Model Generation produced by the 
Automation Process.



Motivation for the work:
Accident in PETROBRAS PE-2 pipeline 
in Guanabara Bay - January 2000 -
Brazil

Leakage of 1.300.000 liters of oil

PIPELINE MODEL GENERATOR:



Local Buckling 
Failure Mode

Pipe Diameter = 16”
Pipe Thickness = 0.312”



PROBLEM DESCRIPTION
3D Pipeline Analysis
The pipeline is buried in soil (drained 
or undrained)
Arbitrary geometry measured from 
inertial pig
Physical non-linear behavior for the 
materials must be considered
Thermal Buckling Analysis
Internal pressure must be considered



STRATEGIC APPROACH
Completely automated model generation
Procedure to be used for non-experts 
MSC.Patran users
Model generation througth PCL (Parametric 
Command Language)
Process controled by G.U.I. (Graphics User 
Interface)



PROPOSED FLOW CHART

MSC.Patran Abaqus for 
Analysis

PRE AND POST 
PROCESSING

PCL for 
Problem 

Automation



3 spring elements/node

Elements for longitudinal 
soil strength NOT shown



MODEL FEATURES
3 non-linear Spring elements representing soil 

strength for each pipeline node

Soil properties varying along the pipeline

Geometry data supplied by text file

Soil data data supplied by text file
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PROPRIETARY USER INTERFACE

Activate Pipe Model 
Generation Procedure

G.U.I. - Graphic User Interface to Control the Process



SCREENS FOR DATA ENTRY
Main Screen Data

Material 
Data



PIPE DEFAULTS TEXT FILE

Text File to fill values 
to the main screens 
Name of the Text File 
with geometry data 

Name of the Text 
File with soil data 



PIPELINE GEOMETRY

Geometry Data 
from Inertial PIG

Z

1 line / 
measured point

Level of 
Embeddement

YX



SOIL STRENGTH DATA

Point 1 Point 2 Point 3

Maximum number of points for any curve

Displacement according to the Force



Results for Different Initial Imperfections

Displacement (mm)

Temperature (°C)

500mm - 1% initial 
imperfection

250mm - 0.5% initial 
imperfection

100mm - 0.2% initial 
imperfection

Imperfection defined as a spline



Results for Different Initial Imperfections

Von Mises 
Stress (MPa)

Temperature (°C)

500mm - 1% initial 
imperfection

250mm - 0.5% initial 
imperfection

100mm - 0.2% initial 
imperfection



ADVANTAGES of AUTOMATION
Substantial Time Reduction for Model Generation from DAYS 
to MINUTES

Productivity Increase

Model Generation with varying level of embedment

Possibility of Model generation by Non-Expert users of 
MSC.Patran

Reliabilty in Model Generation produced by the Automation 
Process.


