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PILE MODEL GENERATOR:

Motivation for the work:

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




PROBLEM DESCRIPTION

3D Pile Analysis embedded in soll
Symmetric and non-symmetric models
Contact interface between pile and soll
Soil properties varying according to depth

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

MS&SOFTWARE@



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

MS&SOFTWARE@



3D Quadratic Solid Element
HEX20 MSC.Patran Topology

' Sequence Numbering NOT
supported by MSC.Patran
Commercial Version

20

20 Nodes Element

MS&SOFTWARE@
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3D Quadratic Contact Element
with ZERO Volume

' HEX20 MSC.Patran Topology
used to Store Information In
the Database

16 Nodes Element
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3D Quadratic Infinite Element

' HEX20 MSC.Patran Topology
used to Store Information In
the Database

12 Nodes Element 4

MS&SOFTWARE@
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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.l. (Graphics User
Interface)

Preference Creation for AEEPEC3D

MS&SOFTWARE@



PROPOSED FLOW CHART

PRE AND POST PCL for
PROCESSING Problem

| Automation

MSC.Patran H AEEPEC3D
i i for Analysis

Preference for
AEEPEC3D




AEEPEC3D Preference Selection

.&::;i;:;de:' | AEEPECBD
Analysis Code

Analyziz Type:

Structural ™

Input File Suffix;
| ingp

output File Suffi

ANE

Cancel

Huntington Beach, California



AEEPEC3D PREFERENCE

G.U.l. - Graphic User Interface to Control the Process
Display Preferences Tools  Insight Control Help | Custom FEM Model =Y Plok

j@mu%wmw@aHU@ i R
v e 4 o= o @ @ bk
= Materlals Properties Load Ca... FIE|I:|5 Analy Resulks Insight W Pl

Custom Functions
Activation
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+ ey 2
Action: Creste ™ | Action. Creaste ™ |
Chiect: pieszh ™ | Chiect: mesh |
Type:  Cortact 30 - | Type: Conkack 30
v Infinite 30
Group name Group Name
| contact | infinite
Global size: |05 Global size: | 0.5
Infinite deptt | 1.0
[v AUTOEXECUTE v AUTOEXECUTE
Select Surfaces Select Surfaces
| |
Apply | Cancel | Apply I Cancel |

MSC : Huntington Beach, California



Object  Enfire Model 'l
Method -
ml Tipo de Analze

" Liresw Blasgtica = Baslo Plaztica
Cote  Arlest

Type | Structursl Cirdem de megracec |2
Studty. [T Caeudo das lorcas equiv. 88 pressoes ads
Avalatia Jobs [T Gerscso das tensoes inicisis gravilacionss
= [T Gers estadd iniciel e 1ensoes
=] [T Geracan das tersces termcas
: 2
[T Forcas ncdss equiv. a0 peso proprio
Joby Narme
[ I~ Forcas ecuvelertss 0 astec inicial de ten
Jok Descrigtion ™ Gerscao de graderts termico

Akt job creabiad on 18-una03 & :J
11.21.50

intisl Condiona

MSC : Huntington Beach, California



Analysis File Generation Screen

Action: Export v|
Ohject: Ertire Maodel - |

Code: | Anleet

Type: | Structural

Study: ‘

Creation of file
for Analysis

Available Jobs

L

Jok Mame

il

|m

Jok Description

09:18:09

Arlest job created on 20-Jun-03 &t ;l

[~

File Infarmatian...

MS&SOFTWARE@

Apply

File Mame:
Dodlex\PaperM=C_Conferencein

Extension: clat

Huntington Beach, California




CUSTOM EQUIVALENCE FUNCTION

e Required because
oo of the ZERO
coscop =D  \VOLUME 3D

s \ Contact Element

Group Name with Pile
elements

Group Name with
Contact Elements

Apply Cance |




PARAMETRIC MODEL GENERATORS

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

Display  Preferences  Tools  Insight Control Help  Cuskom FEM | Model =Y Plok

.ﬂ’ ﬁ.”%ﬁ RN Gl %E'*HE?I & & E-l”@ Estaca com aletas

Estaca sem aletas
Ex = 4

& (-
Pipe Model
"z Materials  Properkies Load Ca... Fields Analysis Re P

Activate Pile Model
Generation Procedure

"

-
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Parameters for Paramentric Modeling

MODEL TYPE:

n u
% symetric " non symetric Estaca (1/4 do diametro) |2 I I I e W I t h
—hodel Data

Didmetra externa; I 0.762 Largura Aleta: I 3 -

|

Altura_estaca: 120 W I n . S
| Aluradaaleta |5

Alura_estaca-Topo 1: I 04
|
Alure_estaca-Topo 2 |10 Solo superior acima da aleta: | 1

|
Altura_estaca-Baze 2 IU-4 _ ) _

| Solo inferior abaixo da aleta: |1
Espessura da estaca: | 0.038

Altura da aleta: I 75 Solo superior:; I 7
I Estaca (12 dodlamelroy |2

Largura aleta: 0.45 . )
g | Soloinferior; |4

Espeszsura aleta: ID.EIBB Largura - I 3
| Alet
Anguio da estaca: | 0.0 -~ Soloradiat |6

J Altura da aleta: |$

Altura do solo superior: I 6.0

|
Sltura do =clo inferior: | 7.0 | Apply I Cancel Solo superior acima da aleta; I 1
i
Digmetra infinito: | 420 . .
i Solo inferior abaixo da aleta: |1
Lim. de escoamenta: I 345000.0
i
Forga integral: ISUUU-U Solo superior; I 7

Angulo da fargs: 36.7

i Solo inferior: | 4

Solo racial |6

Mesh seeds

PG for mesh seeds

Patratmetric Model Generation |

MSC : Huntington Beach, California



g ccomento a0 e P|PE DEFAULTS TEXT FILE

sy ,.345888.

L#*xx Dados da forga (total mesmo no modelo simétrico)l
Forca,11888.
Angulo da forca,43.6

$#x+ Dados geométricos

DE da estaca,1.867

Angulo da estaca,38. II
Espessura da estaca,®.038

Espessura da aleta,f.65%

largura da aleta,8.981

DE do solo,56.

Profundidade do infinito,%.

Altura da estaca,14.58

Altura do topo da estaca 1,8.35

Altura do topo da estaca 2,8.65

Altura da aleta,9?.58

Altura do solo superior,16.

Altura do solo inferior,S.

Altura da base da estaca 2,08.3% II

$xxx Discretizagies do modelo
Discretizacao altura solo sup,2
Discretizacao altura solo inf,1
Discretizacao altura aleta,?
Discretizacao altura solo inf aleta,1l
Discretizacao altura solo sup aleta,1
Discretizacao estaca civrculo 45 graus,i
Discretizacao largura da aleta,l
Discretizacao solo radial,1

$=xx PG das discretizagies

pg largura da aleta,3.

pg solo radial,7.

pg estaca circulo 45 graus,8.3
pg altura solo sup,Z2@.

pg altura solo inf,5.

MSC A SOFTWARE.

Text File to fill values
to the main screens

Free format using
KEYWORDS

Huntington Beach, California
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NON-SYMMETRIC MODEL

Huntington Beach, California
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SOIL DATA DEFINITION

Equation for
Number of each LAYER

MUMERD DE CAMADAS DE SOLD
SOil (s (o oo i |
{” Zcamadas  * 4 camadas
L A Y E R S MATERISL D& CAMADS:

{* Mo drenado = Drenadao

Camacs 1

B u tt O n S fo r Camada 2 Coef. de F'u:uis.scun: fo.43
L A Y E R S ‘ Camana 3 Angulo de strte: | 0.

sul [50
definition — -
Young/Su: [520.0
Apply |
IWI """""" i M

MS&SOFTWARE@ : e Huntington Beach, California
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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.

MS&SOFTWARE@




PIPELINE MODEL GENERATOR:

Motivation for the work:

Accident iIn PETROBRAS PE-2 pipeline
iIn Guanabara Bay - January 2000 -
Brazil

Leakage of 1.300.000 liters of oll
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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.l. (Graphics User
Interface)

MS&SOFTWARE@



PROPOSED FLOW CHART

PRE AND POST
PROCESSING

|

MSC.Patran

MS&SOFTWARE@

PCL for
Problem
Automation

Abaqus for
Analysis




3 spring elements/node

Elements for longitudinal
soil strength NOT shown

L=

MS&SOFTWARE@

Pipeline with springs

Huntington Beach,

California




MODEL FEATURES

3 non-linear Spring elements representing soill

strength for each pipeline node
Soil properties varying along the pipeline

Geometry data supplied by text file

Soll data data supplied by text file

MS&SOFTWARE@



‘ LATERAL NON-LINEAR PASSIVE REACTION CURVES

INITIAL PENETRATION OF PIPELINE IN (M)
AEEPECD RESULTS |

Z=0.10m - k =260 KN/m/m
Z=0.25m - k =352 KN/m/m

. PROPRIETARY FEM

L
o

SOLVER FOR SOIL
ANALYSIS

- DEVELOPED BY

PETROBRAS

ol

A
o

o
o

w

PASSIVE SOIL REACTION (KN/m/m)
N
o1 I

N

.
o

[EY

o
o

o

0 0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02 0.0225 0.025
DISPLACEMENT (M)

MS&SOFTWARE@ : Huntington Beach, California



VERTICAL NON-LINEAR PASSIVE REACTION CURVES

INITIAL PENETRATION OF PIPELINE IN (m)
———— 7=0.10m - k =260 KN/m/m
8 — ————————— Z=0.25m - k =352 KN/m/m
Z=0.5m -k =543 KN/m/m
Z=1.0m -k =653 KN/m /m

PASSIVE SOIL REACTION (KN/m/m)
IN
|

0
| | | | |

0 0.005 0.01 0.015 0.02 0.025
DISPLACEMENT (M)

MSC : Huntington Beach, California



PROPRIETARY USER INTERFACE

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

Display  Preferences  Tools  Insight Control Help  Cuskom FEM | Model =Y Plok

.ﬂ’ ﬁ.”%ﬁ RN Gl %E'*HE?I & & E-l”@ Estaca com aletas

Estaca sem aletas
Ex = 4

& (-
Pipe Model
"z Materials  Properkies Load Ca... Fields Analysis Re P

-

Activate Pipe Model
Generation Procedure

MS&SOFTWARE@



SCREENS FOR DATA ENTRY

il Pipe Model Generation

Main Screen Data

Dia. ext. do duto (in: 16.0
i Pipe Material Form =10 x|

Tamanho global dos elementos (mm): I 1000.0
—Material Parameters

Espessura 1 de parede (in): I 0312
Espessura 2 de parede (in): I 0312

Coordenada ¥ dividindo espessuras 1 &2 (m):| 0.0

Mome dao Material; | Aco_~AP|_¥52

Modulo de Y oung (MPE): | 203000.0

Ezpessura de cimenta (in:

Fator de =olo; | 10 Coeficiente de Poizson: | 0.3

Humera de pontas por Spline: I 4 Densidade equivalente (HKafmm*3): I 1.3958e-005

Arguivo com as coordenadas XYL YL oef i I 1.47e-005

Condutividade termica:
Arguivo com os dados de solo: I F_SOLO_ML2

- Limite de Escoamento [MPa); f 42588
Deta T de analize: B0.0 a e r I a

Limite de Ruptura (MPa): | 595.22

Detta T max. I 5.0 D t
in: [teona a a. Deformacan na Ruptura: | 0.25356

Detta T min.:
Apply e Can-:el'

Apply I Cancel |

MSC A SOFTWARE. : Huntington Beach, California




PIPE DEFAULTS TEXT FILE

-y

Diametro duto 6. A .
Text File to fill values

s 1
Espessura 1 , B.5
Espessura 2 , B.5

o limento | 2 to the main screens
Pantos/epline | & Name of the Text File

Fquivo — '
:rguiun 232551?? F _S0LO HML2 Wlth geometry data

Home material , Aco API qrB \

Hodulo de young , 285880.

Poisson a.3 Nam e Of the TeXt
Densidade equivalente , 1.3958e-G F||e W|th SO” data

Condutividade termica , 1.17e-5
Limite de escoamento , 241.9
Limite de ruptura , 463.9
Deformacao na ruptura , 811187

MS&SOFTWARE@ : e Huntington Beach, California



PIPELINE GEOMETRY

X

Aa.80008
B.96708
1.93108
2.8900
3.6400
4.3240
L.82908
5.9508
6.9138
7.8490
8.7230
9.59808
184730
11.350848
12.2200
13.08540
13 .8158
14.5818
15.2500
1608760
16.9380
17 .BB80
18.67108
19.5460
2842148
21.2630
22.0870
22.9770

MS&SOFTWARE@

Y [Z

a.080008

-B.2479
-8.5829
-8.7610
-8.97248
-1.16348
-1.3618
-1.61680
—1.88404
—-2.2194
-2.6999
-3.1818
-3.66148
-4.13949
-4.6130
-5.8728
-5.49748
-L.8820
-6.3820
—-6.7640
—-7.2464
-7.7398
-8.2370
—-B.70849
-9.89949
-0.3959
-2.6680
—-9.9840

\

L.2785
5.3029
L.3244
L.2818
4._6753
J.9788
3.3012
3.1887
3.1331
J.1486
3.1641
F3.1745
3.1828
3.1924
3.89290
2.8024
2.3238
1.7132
1.2128
a.9012
8.7887
a.7821
B.78964
a.7091
8.4435
8.80208
-A_4B76H
-a.7991

Geometry Data
from Inertial PIG

1line/
measured point

Aa.80008
8.80008
A8.80008
A8.800808
Aa.80008
8.80008
A8.80008
a.20008
a.20008

Level of
Embeddement

2004 v[pd] e

DEV

O PIVIEN U\

Huntington Beach,

A

California




SOIL STRENGTH DATA

Maximum number of points for any curve

Displacement according to the Force

3 ) . Lat Longitudinal . Vertical . Lateral |Longitudinal.Vertical | Lateral .Longitudinal [Fertical
Z -~ D . 12 . 12, . 12, . 25 .4 . 25 .4 . 25 .4 . coo. . Loo. . Soo.
o.00o0 . 0. . 0. . 0. . 0. . 0. . 0. . 0. . 0. . 0.
o.0z20 . 216 .4 . 271.0 . les3. 1 286.9 . 284 .6 . 1751 .19 297 .4 . 298.8 . 1240.6
0.050 . 14121 . 4350 . 2191 .6 434 .9 4558 2439 .4 457 .7 479 .6 2687 .2
0.100 . 761.1 £33.0 2781.8 794 7 BEEd .7 3191 .3 828 .2 697 .19 Je00.8
0.250 . 1850 .4 1106 .0 455 .0 1883 .1 1161 .3 4111 .48 19157 1219 .4 1768 .6
0.500 . 4199.8 2164 .0 4222.0 4292 .9 2272 .2 £1t9.8 4386 .0 2385.8 BO97.7
1.000 . B238.8 . 24710 6014 .3 7250 .7 2594 6 7LE7 .0 8262 .6 2724 .3 90997
1.500 . 7046 .1 272780 76431 9351 .9 2916 .9 9482 .1 11677 .6 0e2.7 11421 .2
2.500 . 7990.0 . 2391.0 a972.8 11500.0 A560 .6 12292 .7 15010.0 3738 .6 15612 .6
5.000 . 10039.0 . 4924 .0 11284.7 154720 £i170.2 16399 2 20905.0 L4287 215137
15 . 000 100390 . 4924 .0 112847 15472 .0 L1702 16399 2 20905.0 5428 .7 21513.7

Point 1 ‘ Point 2 Point 3

&
rI‘

A

—“_

MSC A SOFTWARE. : Huntington Beach, California




80.0

100mm - 0.2% Initial
Imperfection i

700

OO 7

Temperature (°C) 5o

40.0

______ 250mm - 0.5% initial
A Imperfection

an.n

EUDf ——ﬂ———*———T———r———r——j———j

0 " |9500mm - 1% initial |

] imperfection [ | |

|:|._IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0. ESD. 1DED. 1550. EDED. EEED. EDED. SEED. 4DED. 4550.

Displacement (mm)
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3 el et et el Bl
400. é————I———J: I e T
350 §————%——_4: 500mm - 1% initial
VonMises 3 | | ___Imperfection
Stress(MPa) 3§ | S
AL A N R
200. é————‘i'—— 250mm - 0.5% initial ——i
I — Imperfection _
. | I I I I I I
] | | | | | | |
T 1T N\J100mm - 0.2% initial| ||
WOFT T 7| imperfection |
’ IZI.I - IIIIE.IIII - IEIIE.IIII - IHIIE.IIII - I4IIE.DI - IEIIE.IIII - IEIIE.IIII - ITf'IIE.IIII - IBIIE.III

Temperature (°C)
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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.

MS&SOFTWARE@ : e Huntington Beach, California




