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1.0 Introduction

This utility program/wizard will generate the basic analysis properties, both stiffness and foundation
properties, for a variety of pipeline design configurations. The generated data includes general pipeline
properties and specific command line instructions which define element properties in FS2000.

The purpose of the utility is to:

e Create suitable geometric pipe and soil support analytical properties for FS2000 based on specific
pipeline engineering configuration data (Section 2)

e Create complete FS2000 models for pipeline expansion analysis (Section 7)

e Create complete FS2000 models for pipeline sequential expansion analysis - pipe walking (Section 7)
e Create complete FS2000 models for pipeline upheaval buckiling analysis (Section 6)

The evaluation of properties are based on the ASCE's "Guideline for the Design of Buried Steel Pipe", 2001
or common industry practice.

The entered data can be saved in property tables in the same manner as properties in FS2000. When the
data is saved it is saved with the current default model.

The output from this utility program is saved as a 'UM* model file. This file is a formatted data file showing
all input data and generated properties and will be included in the FS2000 model formatted data output. The
file also includes the property data command lines. These commands enable the generated command line
data to be interpreted within the Model Definition TASK of FS2000.
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2.0 Operation

The program operates from one main window. When the program is started the current model pipe property
table is loaded (if one exists).

= FS2000 PipeWeight,/Foundation Wizard Rel 8-1-10 =101l
Fipe Dezcnphon |l2" Fipe tModel Command File | LIMF1 [ | Append to File
Outside Digmeter — mm  [323 @ Bisiace - Equiibium Fioe Sliding Coeficients
‘Wall hickness mim [127 " Swface - Depth Defined Pipe Masirmum Mobisation %D Eff [2
" Busied Pipe Friction Coefficient | 3
Mill Tolerance % [12 " Buied Pipe - Vertical Breakout ” S :
Corrosnion Allowance mm |2
Soil Shear Strength kP IEI
Linng Thickness  mm [0 - ®
[Eaapa kaim3 [0 Sl Intemal Friction Angle Deg 30 Vertical Mobilisation % D Ef [0
Effective Sub Soil Weight KN/m3 [10 ~ Mattress Data
Coating Thickness C1 mm Il] I atress Thickress mm IU
Coating Densiy 1~ ka/m3  [1320 _ Mattress Sub Density kg/m3 [1058
Coating Thickness C2 mm |0 Goemetric Property Code [1 Maltress Fiiction Cosflicient | 5
CoatingDensity C2  kg/m3  [300 Cougle Property Code |1 RC |0 ﬂ =
Coating ThicknessC3 mm [0 —I |
CoatingDensity C3  kg/m3  [2100 Noof Entiies [1
Fipe Density ka/m3 750 Evaate |  SaveTabe |
Conterts Density  kg/m3  [350 Evaluate Table |  Evaluate Cmds |
Seawater Density  ka/m3 |1 025 Print I Close |

Pipe data is entered in the main form shown below. Most of the pipe data is self descriptive, the use of less
obvious data will be described in the later sections.

The basic operation is to define the data and then use the Evaluate button to generate the derived data.
The derived data will appear in the panel and the data will be saved as a 'UM* model file. The actual ID for
the UM file can be changed using the Model Command File input box. The Append to File option can be
used append the data to an existing data file.

The Draw button is used to show the pipe relative the the foundation surface.

The program generates properties for the following basic pipeline configurations:

e Surface Pipeline

e Partially Buried Pipeline

e Buried Pipeline

e Buried Pipeline with a vertical breakout model (Upheaval buckling)
Creating a Pipe Table

Pipe property data can be saved in a model dependent table in similar manner to property code data in
FS2000.

On completion of data entry the Enter button is used to enter the data into the flange table. This is repeated
for as many pipes that are required to be processed. Each time the Enter button is pressed the current data
will be assigned to the current Pipe Table ID Number. Up to 20 pipe entries can exist in a pipe table.

The Save Table button is used to save the table entries to the current FS2000 model (text file called
<modelname>.UMPipeProp).

The Evalaute Table button can be used to evalaute all the pipes in the pipe table.
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The Evalute Cmds button an be used to evalaute all the pipes in the pipe table but will restrict the output to
only the FS2000 command data.
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3 Surface Pipeline
3.1 Soil Bearing Model

This foundation model represents a pipeline at its equilibrium position when resting on a cohesive or
non-cohesive soil.

Soil Shear Strength kPa |EI
Soil Internal Friction Angle Deg |3I:|

Effective Sub Sail Weight kMN/m3 |1 0

The above is used to define the soil properties.

The bearing capacity is based on the following well known foundation model:

Q,= NeD+NjyHD+ N %
D is the effective bearing width based on the equilibrium depth of penetration of pipe into the soil.
H is the depth of penetration.

The bearing factors are given in Section 5.5

[~

3.2 Friction

Sliding Resistance is given by Rs =Qd / us

Coulumb Friction Different Axial and Lateral Coefficients
Shding Coeffoients Shding Coeffoients
b a=irmurm b obilization %0 EFf IE b amirmum Mobilization %0 EFFf |2
Friction Coefficient |_55 Friction Coefficient |_55
W Coulomb friction e

Lateral Friction Cosfficient |_?

Wertical Maobilization % D EFf |EI Wertical Mobilization % D EFf |EI

3.2 Stiffness

The horizontal sliding stiffness is defined by the Maximum Mobilisation % D Eff and Rs the sliding
resistance due to friction. For surface pipes D Eff is taken to be the effective bearing width and not the
outside diameter. When the Coulomb friction option is not active the and two friction coefficients are
defined the sliding stiffness will be based on the direction with the highest resistance.

The vertical stiffness is defined by Kv = Qd / (Settlement Adjustment + Penetration) where,
Settlement Adjustment is based on the Vertical Mobilisation %D (using the effective bearing width D)
Penetration is the evaluated equilibrium penetration based on the the effective on bottom pipe weight
and bearing width D to support it.
If Vertical Mobilisation %D is set to zero the vertical stiffness will be set by the equilibrium penetration
depth of penetration only.
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The Vertical Mobilisation would normally be set to zero but can be adjusted to give a desired
mobilsation accounting for calculated penetration.

\__,/_/ Fentration

D—

Non-linear vertical stiffness

The ultimate bearing resistance as a function of penetration depth is evaluated at penetration depths of (%
of Eff OD) 0.5, 1.5, 5, 25, 10, 100 & 10000. If the RC Property Code box is entered as a non-zero value
then the penetration stiffness will be defined in terms of the RC constantsin the table and can be used to
represent a non-linear vertical stiffness in the contact elements. This can useful in cases where the pipe is
pushed into the soil i.e. when large vertical displacement are expected.

3.4 Matress Effects

b attresz Data

M atrezs Thickness mm I'I a0
hattrezz Sub Denzity kgdm3 I'I (5t
b attrezz Frickion Coefficient IEI.E

The matress is assumed to have an active bearing weight (Wm) on the top of the pipe equivalent to an
effective width of 2.5D, where D is the effective outside diameter of the pipe. This load which should be
applied to the model is listed in the output.

The Mattress Friction Coefficient um is assumed to act between the top of the pipe and the mattress

The effective friction coefficient is evaluated from p=Wm.um + (Wm + Wp).us / (Wm + Wp)
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4.0 Partially Buried Pipeline

This option is use is used to represent a pipe which is partially buried to a known depth. The effective
bearing width is based on the depth of penetration. The maximum bearing width is the effective outside
diameter of the pipe.

\__,/_/ Fentration

D—

4.1 Soil Bearing Model

This foundation model represents a pipeline at its equilibrium position when resting on a cohesive or
non-cohesive soil.

Sail Shear Strength kPa IEI
Soil Internal Friction Angle Deg |3|:|

Effective Sub Sail WwWeight kMN/m3 |1 0

The above is used to define the soil properties.

The bearing capacity is based on the following well known foundation model:

_DJ

~

Q,=N,D+N D+ N y
H is the depth of penetration.

4.2 Friction

Sliding Resistance is given by Rs =Qd / us

Coulumb Friction Different Axial and Lateral Coefficients
Shding Coeffoients Shding Coeffoients
b a=irmurm b obilization %0 EFf |2 b amirmum Mobilization %0 EFFf |2

Friction Coefficient |_55 Friction Coefficient |_55

W Coulomb friction

Lateral Friction Cosfficient I_?

Wertical Maobilization % D EFf IEI Wertical Mobilization % D EFf IEI

4.2 Stiffness

The horizontal sliding stiffness is defined by the Maximum Mobilisation % D Eff and Rs the sliding
resistance due to friction. When the Coulomb friction option is not active the and two friction coefficients
are defined the sliding stiffness will be based on the direction with the highest resistance.

The vertical stiffness is defined by Kv = Qd / (Vertical Mobilisation %D Eff) (Typically 5-10%).

For surface penetrating pipes D Eff is taken to be the effective bearing width and not the outside diameter.
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u Pentration

D

Non-linear vertical stiffness

This can be used in cases where the pipe is pushed into the soil i.e. when large vertical displacement are
expected.

The ultimate bearing resistance is a function of penetration depth is evaluated at penetration depths of (% of
Eff OD) 0.5, 1.5, 5, 25, 10, 100 & 10000.

If the RC Property Code box is entered as a non-zero value then the penetration stiffness will be defined in
terms of the RC constants in the table and can be used to represent a non-linear vertical stiffness in the
contact elements.

3.4 Mattress Effects

b attresz Data

M atrezs Thickness mm I'I a0
b attrezz Sub Denzity kgdm3 I'I (5t
b attrezz Frickion Coefficient IEI.E

The mattress is assumed to have an active bearing weight (Wm) on the top of the pipe equivalent to an
effective width of 2.5D, where D is the effective outside diameter of the pipe. This load which should be
applied to the model is listed in the output.

The Mattress Friction Coefficient um is assumed to act between the top of the pipe and the mattress

The effective friction coefficient is evaluated from p=Wm.um + (Wm + Wp).us / (Wm + Wp)

_0-
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5.0 Buried Pipeline

The evaluation of properties are based on the ASCE's "Guidleline for the Design of Buried Steel Pipe",
2001.

The stiffness properties generated are for use with Type 8 Elements. The bi-linear spring data is stored in
the RC constant table.

Goemetric Property Code I'I

Type 8 El Propz
ED."I“: I-I_ I_ Lateral
Start AT [1 I Adal

[ wertical Down
[ “ertical Up

TRANSVERSE AXIAL TRANSVERSE
HORIZONTAL VERTICAL

pl0 Advanced Structural Analysis
AES Ltd DocVN 8.105



FS2000
Pipe Property Utility V8

pll

Advanced Structural Analysis
AES Ltd DocVN 8.105



5.1 Axial Stiffness

The Coating Factor and the Axial mobilisation distances are defined below.

Buried Fipe Parameters

Coating Factor [for Sand] IEI.B
Aial mobilization  mm |3

Mobilization bounds ©© L & M U

FS2000
Pipe Property Utility V8

The maximum axial soil force per umt length of pipe that can be transmitted to the pipe 1s:

where:

= wm

Representative values of f for vanous types of external pipe coatings are provided in the

L, = aDac + .EBH;%MJ

= pipe outside diameter
= 3pil cohesion reprezentative of the so1l backfill
= depth to pipe centerline

= effective unit weight of soil

coeflicient of pressure at rest

adhesion factor |

0274 . 0.605

E)

e+l &'+l

= 06080123

terface angle of friction for pipe and scal = fi

= internal frichion angle of the soil

where ¢ i in ksf or kPa/ 100

= coating dependent factor relating the mtemal friction angle of the soil to the

friction angle at the soil-pipe interface

following table:

Pip= Ceoating f
Concrete 1.0

Coal Tar oe
Rough Steel 0.8
Smooth Stesl 0.7
Fusion Bended Epoxy 0.8
Polysthylens 0.8

Friction factor { for Various External Coattngs

displacement at T,

0.1 mmches €3 mm} for denze sand
0.2 nches (3 mm) for loose sand
0.3 inches (8 nam) for soff clay
0.4 inches (10 mm) for soft clay

pl12
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5.2 Lateral Stiffness

FS2000

Pipe Property Utility V8

The Mobilisation bounds sets the displacement value between upper, lower and mid.

Buried Fipe Parameters
Coating Factor [for Sand)

Awial mobilization  mm

Mobilization bounds € | & M U

—
—

The maximumm lateral soil force per unit length of pipe that can be transmtted to the pipe 1s:

where:
}VT..' 13

P, = NycD+ N ypHD

horizontal beanng capacity factor for clay (0 for ¢ =0)

Ng = hornzontal bearing capacity factor (0 for ¢ = (F)

The expressions below for N, and N, are closed form fits to published empirical (ploted)

results (see Figure B .3).

}"T.: e

a + b 4

L
o+ 17 (e 1P

d

-

horizontal bearing capacity factor for clay (0 for c=0)

Ngn = borizontal bearing capacity factors for sand (0 for g=0¢)
= ga+b(x)+clx)+d(x)) +elx?)

Factor P X a b c d e
Moy i HD 8.752 0.085 -11.0483 T.118 -
Ny o HD 2389 0.439 -0.03 10580105 | -1.754(10)°
N 50 HD 3.332 0.530 -0.080 5.6080105* | -1.318(10)*
P, ag® HD 4565 1.234 -0.08g 4.275(10)* | -B.150(10)*
Ay, a5 HD 8.215 20189 0148 7as110y* | -1.es310)
g a0 HD 10858 | 1.783 0.045 54250100 | -1.153(10)"
iy e HD 17.858 | 3.309 0.043 5443010y | -1.200(10)"

N, can be interpolated for mtermediate values of ¢ between 207 and 457,

A

o = displacement at F,

I D'l
= EI.I}4; H+T;ED.1EID o 0150
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il il I 1 'I'IIII|.|
{A)} GRANULAR SOIL (B) COHESIVE SOIL

Figure B 3 Talues of Ngh and INeh of Hansen 1961
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5.3 Vertical Downward Stiffness Stiffness

where:
N, N, N,

0, =N,cD+ NyHD+ N,y %

beaning capacity factors

= total nmt weight of soil

A = displacement at 0

= 0.1D for granular soils
= (.2D for cohesive soils

N, = [cot(s + 0.001)] {expr tamgg + 0.001)] tan”| 45+ ""EﬂJ- I
Ny = explr :anﬂ})taul[tﬁ +%l
\v'r. = e-:l: IRp-2-%)

FS2000
Pipe Property Utility V8

In the program the following expressions are used to evaluate the bearing factors (ref. APl RP2A 21Ed)

(Exp [m tand]) (tan?(45° + 672)), a dimen-
sionless function of &7,

r."v."cil — 1y cotg”, a dimensionless function of &,

an empirical dimensionless function of ¢
that can be approximated by 2(N, + 1) tand,

pl5
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5.4 Vertical Upward Stiffness Stiffness

The Mobilisation bounds set the displacement value between upper, lower and mid.

Buried Fipe Parameters

Coating Factor [for Sand) IEI.B

Awial mobilization  mm |3

Mobilization bounds € | & M U

The equations for detennining upward vertical soil spring forces are based on small-scale
laboratory tests and theoretical models. For this reason, the apphicabality of the equations is
himited to relatively shallow bunal depths, as expressed as the ratio of the depth to pipe
centerhine to the pipe diameter (H/DY). Conditions i which the H/D ratio 15 greater than the it
provided below require case-specific geotechnical puidance on the magnitude of soil spring force
and the relative displacement necessary to develop this force.

0, = N,cD+ N, #HD

where:
N, = vertical uphft factor for clay (0 for c =10}
Ny = vertical uphift factor for sand (0 for ¢ = 0%)

r r
N, = 2|. %] =10 applicable for | %] =10

r
N, = | %1 €N, (See Section B 4 for definition of Ny

The above equaticons represent an approxmmation to published results

displacement at {,
001H to 0.02H for dense to loose sands = 0.1D
(0.1H to 0.2H for stff to soft clays = 0.2D

A
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5.5 Buried Pipeline (Upheaval buckling)
When this option is selected the stiffness of the soils are as those for the buried pipeline apart from the
vertical upward direction. In this direction a breakout resistance model is used. The only additional input

required are Mobilisation and Uplift Shear Coefficient.

The output will define the magnutude of the UDL to represent the soil submerged weight resistance.

Wertical Breakout

Maobilization  mm |2EI

IIplift Shear Coefficient IEI.3

Mobilisation
Soil Uplift Resistance + Pipe Wit
Fipe Wit +
Soil Wit
Fipe Wit
Soil Uplift Resistance - Soil Wit
Pts 1, 2 & 3 Define Vertical Down Spring
2 _coil Wt 3
H
For Sand
Soil Uplift Resistance = y.D.H.(1 + f.H/D)
For Clay

Soil Uplift Resistance =y.D.H + 2.H.c
The Soil Wt =y.D.H

The output will define the magnutude of the UDL to represent the submerged soil weight resistance (y.D.H).
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6.0 UHB Model Generator

The UHB Model Generator is a utility that will generate a complete UHB model including all load cases,
combinations, batch files and solution option data. The results obtained from this model are in the form of
design curves showing the effects of cover heights and imperfections on axial buckling force.

The program also generates a batch file that can be used to evaluate the weight requirements ie the
downward force to prevent UHB for given imperfection profiles. It does this by using monitoring springs to
measure the uplift loads generated for a given temperature case. This can be useful for investigating the
extent of cover required for crossing or specific seabed features.

The main features of the utility are:

e All pipe properties and seabed stiffness are generated from pipe data input form
Single pipe and Pipe-in-Pipe models can be generated

Multiple 'Prop' type imperfection profiles with varying wavelength factors

Defined Crossing profiles

Full model or symmetrical model

The generated model consists of 3 basic zones:

e Feed in Zone - Region of coarse Type 8 elements

e Intermediate Zone - Region of intermediate Type 8 elements
e |mperfection Zone - Fine mesh of Type 8 elements

A more detailed description of the generated model is given in Section 6.1.

The following basic procedure should be followed to create the model and complete the analysis

1. Open a new model. Do not generate any data.

2. Start the Pipe Properties Utility

3. Use the Pipe Properties to define the pipe and foundation properties and save the table. The Buried
Pipe Vertical Breakout option must be active.

4. Click the UHB Model button to make the UHB data form visible

5. Enter the UHB design parameters appropriate to the pipeline configuration.

6. Click the Generate Model Data (UMUHB File) button.

7. Return to the FS2000 GUI

8. In the Model Definition TASK use the Interpret File command to interpret the <Model>.UMUHB file.

9. Save the model

10. Go to the Primary TASK and Archive the model.

11. Open the model from its Archive format.

12. Open the batch file( <model>.BRM) and run it.

13. On completion of the batch run all results should exist.

To run the downward form monitoring analysis open the <model>.BRM_Mon batch file and execute the
batch.

Generated Pipe Properties

e Geometric Properties

For rigid pipe there should be no reason to change the properties of the generated model. If however non
standard pipe e.qg. flexible pipe is being assessed then the geometric properties will require to modified in
the FS2000 GUI to give the required EA and EI properties.

For flexible pipe the following is required to be done:
o Input the OD and overall wall thickness of the pipe and its effective density in the pipe
properties form
o Enter the E value and | value inthe UHB form to give the correct EA and El i.e E = EA/ Actual
Pipe Area and | =EI/E
o After interpretation, redefine | in the FS2000 property input box. To do this enter the OD and t,
then change the | value to make ii a USD section. Note the OD and t have to be those of the

pl8 Advanced Structural Analysis
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pipe so that the end cap force is correctly evaluated.
o Enter the value of E in the material property box - The value of Poisson's ratio should also be
set to suit the type of pipe

e Material Properties

The generated material properties are for steel X65 pipe. These properties require to be change to suit the
actual material.

Amending/Modifying Data and Regenerating Models

When the UM file is interpreted in Step 8 the model will be 'empty' i.e. no nodes or elements are defined. If
this is not the case the interpreted model will be incorrect because the interpreted entities will be appended
to the existing model. It therefore essential that if the model is required to be modified, the nodes, the
elements and the couples of the existing be deleted (ALL) and the model re-saved before Step 8 is
undertaken.

If the pipe properties are require to be used on a different model the existing parameter can be copied by
copying and re-naming the <modelname>.UMPipeProp and <modelname>.UMPipeProp1l data files.

_0_
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6.1 UHB Definition Data

The following forn is used to define the parameters for the UHB model.

EUHB Rel8-1-10 Model: BASE CASE 2 x|

 Mode Size Parameters - Cover Depths Imperfections | Crossing Profie |
Minimum Submerged Weight ka/m  [30.6753 Cover Lo
Masimum Impedection Heightmm  [500 cophiney __ tese ""p Inperfaction  Load
| Valse mé 17235 [250 40 Heightmm  Case Mo

E Value M/m2 5.204E9 — . 100 IEEI

B0
ET
—
—
—
—
—

Show Zone Lengths | T

Lol

Elerent  Minimum Zone 1250
Lengthm Lengthm

e
e
o
mpetecionzore 3 | L I':::
T
o
o

=
=

EETT T

n
=

Intermediate Zone 15 1 170
Feedin Zone 28

Feed-n Length 200 2500

i 0 B B B B B
g

ECD
==

I P R N R

Backeover UDL kN/m | 2091 Pressure Bar 202
Lay On Bottorn YW eight M/m IEEB.5251 Temperaiure C [0

Production Or Boltom \Weight N./m |E8&52°51 Dezign [Monitor Temperature C 120
[+ UseSymmety [~ UnderPipe Support [ Use Pressuse Variation Moritoring Stiffness Factor 01

[~ PipeinPipe  SpacerFriction |05

et T eeeakas & of s ko Tome |25— Generate Model Data [UMUHE File) Print Fomn Data

When the Generate Model Data button is clicked the form data will be saved to a text file called
<modelname>.UMPipePropl

The Model Size Parameter data is used to define the length aspects used generate the basic model. The
data defined in this panel is used to generate the basic model and the imperfection profiles. It is unlikely
that the default values evaluated by the program require to be changed (pipe-in-pipe and flexible pipe will
require to be changed). Changing parameters such as the imperfection height, I, E or minimum submerged
weight will determine the length of Imperfection Zone establish the size of the model. See 6.0 for note
regarding flexible pipe. The default element length are based on the 2.5D(1X), 10D(4X) and 25D(10X) for
the different zones. Note: The properties in the Model Size Parameters are not used in the model they are
only used to generate the length aspects of the model.

The Show Zone Lengths button will show the extents of the current model. For some models a warning
may recommend reducing the element length in the imperfection zone. The other elements should be
changed accordingly using the above length ratios. The Factored Natural Wavelength i.e. the distance from
prop to touchdown is given by L = (Wavelength Factor)(72EI5/w)%? The idealised imperfection profile is
based on a beam bending cubic deflection profile y = 8(x/L)* (4 — 3x/L).

The default Feed-in Length is relatively short as the default model is axially restrained so no realistic
feed-in can occur. For the purpose of the prediction of the onset of buckling this lack of feed-in is not a
significant restriction. However, if post-buckling deflection is a requirement or expansion analysis is being
included then this length would require to be extended beyond the apparent friction anchor location and the
axial restraints removed.

The Backcover UDL is evaluated by the program for the cover depth defined in the pipe properties form, it
cannot be changed. This is initially creates Load Case 12. It is not specifically used by the program
because load case 12 is overwritten during batch solution to use the backcover UDL corresponding the
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cover depth case undergoing solution.

The Lay On Bottom Weight is evaluated by the pipe property utility. It is based on flooded pipe. If the pipe
is empty this should be changed. This becomes Load Case 10 in the model.

The Production On Bottom Weight is evaluated by the pipe property utility. The difference between this
and the Lay On Bottom Weight is applied in Load Case 13 (applied with the Pressure).

The Pressure is used to define the ambient pressure difference ie inner and outer pipe difference. It forms
part of Load Case 13.

The Temperature defines temperature differential of the production pipe. It forms Load Case 14. The
solution times and time curves are set up so that twice this temperature difference is applied to the model.
If Pipe-In-Pipe is being analysed the outer pipe can be defined as having a % of the temperature of the inner

pipe.

The Design (Monitor) Temperature is used the set the temperature at which the force monitoring cases
are analysed. This is used in Load Case 15.

The Use Pressure Variation option if active will switch the Pressure to Load Case 14 and the Temperature
to Load Case 13. This will result in the pressure variation being used to generate the axial force in the
pipeline and the temperature being maintained constant The Monitor case also changes from temperature
to pressure.

The Monitoring Stiffness Factor is used to define the stiffness of the monitoring uplift resistance springs -
RC5. So that it a function of cover depth the factor is applied to the downward stiffness magnitude (RC6) . It
value may require to be set iteratively set to ensure that displacement are within soil mobilisation limits. The
default value for this ratio is based upon the vertical stiffness using the approach described in Section 5.4
for the nominal cover depth defined in the pipe properties form.

The Use Symmetry option if active will generate a half model. This option will save time in cases where the
model and the loadings are symmetric which is the case for all program generated data. Generating a full
model will yield the same results, but just take a bit longer.

The Under Pipe Support is used to applied vertical soil support immediately after the pipe imperfection is
generated. This would be used in cases where the soil imperfection results in pipe spanning local to the
'prop type' imperfection.

The Pipe in Pipe option is used to generate a pipe in pipe model. When this is active the pipe property
table must have two entries. The first defines the outer pipe and the second defined the inner pipe. Pipe
properties are defined as for single pipe for both but with the following exception. The contents density of
the outer is used to define the density of the annular void between the two pipe. If this were air filled, this
value would be zero.

The Spacer Friction is used to define the coefficient of friction between the inner and outer pipe based on
the contact weight between the two.

The Cover Depth cases to be considered in the analysis can be defined and selected in the input section.
Note that they must be in ascending order.

The Imperfection cases to be considered in the analysis can be defined and selected in the input section.
Note that they must be in ascending order.

The Crossing Profile data can be used to generate a symmetrical crossing profile with the centre of the
crossing at the line of symmetry. The convention is that Distance is measured from the centre of the
crossing and the lengths are relative. Distance is in m and Height relative to layed pipe in mm. The
following indicates the convention used.
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6.1 UHB Model Description

This section describes the main features of the UHB model. Such an understanding will enable the user if
necessary for their application to modify the model.

The model has three basic zones.

e [Feed in Zone - Region of coarse Type 8 elements
e |ntermediate Zone - Region of intermediate Type 8 elements
e |mperfection Zone - Fine mesh of Type 8 elements

The basic analysis sequence is:

With only the vertical and lateral resistance active the on bottom lay weight is applied.

The imperfection profile or crossing profile is applied using prescribed displacements applied via gap
elements(seabed) imposes an imperfection on straight pipe).

The soil cover UDL is applied to the model.

The uplift resistance springs are activated

The axial resistance springs are activated

If the option is active, the backfill downward resistance springs are activated

Pressure and the Initial/Operational on bottom weight differential is applied

Temperature is applied - The default number of time steps will apply twice the temperature defined in
the input form.

A

©NOoOTA W

Stiffness Properties - Buckling

The soil stiffness properties are evaluated in accordance with the methods described in Section 5.

The uplift resistance in the Feed in Zone and the Intermediate Zone have a constant stiffness with no cut
off. This is done to prevent buckling occurring outside the imperfection zone (not generally possible but can
occur in case where small imperfections and high cover heights are considered).

Stiffness Properties - Monitoring

The stiffness properties for the monitoring case are based on the soil properties corresponding to the
nominal cover depth defined in the pipe properties form. The monitoring springs are based on a factor of the
stiffness of the vertical down springs. The sensitivity of this value should be checked by inspecting the
deflections obtained during uplift (after the imposed imperfection deflection) to ensure that deflections are in
a meaningful range ie within the range of the mobilisation distance - see 5.5 .

Model Property Assignment

The following summarises the different element type used in the model.
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Intermmadiate Zone Imperfection Zone

M=

[ AT AR AR

Type & Elements
CO=1

IC-1 012032

Yerical Lip 1

Wertical Down 3

Lateral 2

Type 4 Couples Code 5
Axigl RC 9

I e IIII 1 IIII IIII 1L IIII IIII.IIII 1L

Fully Restrained

- -
Type 8 Elaments Tl,'pe 3 Elements Nodes
Cio=1 Co=2
IC-1 012032 IC-2004004
VericalUp 1 Lateral 4
Verical Down 3
Lateral 2

Type 4 Couples Coded4  Type 4 Couple Code1  Uplit Resistance
Axial RC & Werical Up RCS Tirne Curve 4

Type 12 Couple Code 2 oo tetion
Verlical Down RC 6 i

Type 4 Code 3 Adal Resistance
gl RCT Tirme Curee 7

Type 4 Couple Code 9 Backfill Down Resistance
Verlical Down RC10 Time Curve 8

Plpe In Pipe Pipe in Pipe Fipe in Pipe
Type T Couples Code 12 Type 7 Couples Code 11 Type 7 Couples Code 10
RC13 RC12 RC11
_0_
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6.2 Load Cases & Combinations
Buckling Curve Generation

The following shows the basic load cases and the combination types which are used to generate the
buckling curves.

Combination 101

Buckle300mm Imperfection

10 1 Submerged Lay Weight

20 2 100mm Imperfection

12 3 Backcover Resistance

13 5 Pressure 200 b & Contents Diff
14 6 Temperature 200 Amb 4

This is a DyNoFlex solution so all load factors refer to time curves.
The CFACT commands used to activate the soil springs are all contained in L10.

For each imperfection height a different combination is used. The only difference between these
combinations is the imperfection load case used eg L20 in the case shown above.

The different cover heights are accounted for in the batch file. For each cover height the same
combinations are used but the Backcover Resistance load case L12 is overwritten and the results
overwritten. For each height case run the result data used to create the buckling curves are saved in the
<model>.~fhplot(n) file which are copied as the solution progresses. This can be seen in the following
extract from a typical buckling curve batch file.

modmerge m/mdl/UMUHB 250/ ------ The UMUHB_250 file contains the uplift resistance curves

corresponding the 250mm soil cover.
winfram i

MFCOPY "L40Q" "L12" --—---- Copies overburned UDL for 250mm cover
BAND 1

NLPARAM 101

LOADA C101/0/0/1/101/

DYNFLEX SS1

MFCOPY "~fhplotl01l" "~fhplotl" =----- Copies plot file uses for element force plots

NLPARAM 105

LOADA C105/0/0/1/105/

DYNFLEX SS1

MFCOPY "~fhplotl05" "~fhplot5"
modmerge m/mdl/UMUHB 500/
winfram i

MFCOPY "L41" "L12"

BAND 1

NLPARAM 101

LOADA C101/0/0/1/101/
DYNFLEX_SS1

MFCOPY "~fhplotl01" "~fhplot6"

NLPARAM 105

LOADA C105/0/0/1/105/

DYNFLEX SS1

MFCOPY "~fhplotl05" "~fhplotl0"
modmerge m/mdl/UMUHB_750/
winfram i

MFCOPY "L42" "L12"

BAND 1

NLPARAM 101

LOADA C101/0/0/1/101/

DYNFLEX SS1

MFCOPY "~fhplotl0l1" "~fhplotll"
NLPARAM 102
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Downward Force Monitoring

The following shows the basic load cases and the combination type which are used to generate the cover
weight requirements.

Combination 201

Monitorl00mm Imperfection
10
20

13
15

O OIN P

For each imperfection height a different combination is used. The only difference between these
combinations is the imperfection load case used. The following shows a typical batch file.

modmerge m/mdl/UMUHB Monitor/
winfram i

BAND 1

NLPARAM 201

LOADA C201/0/0/1/201/
DYNFLEX

NLPARAM 202

LOADA C202/0/0/1/202/
DYNFLEX

NLPARAM 203

LOADA C203/0/0/1/203/
DYNFLEX

NLPARAM 204

LOADA C204/0/0/1/204/
DYNFLEX

NLPARAM 205

LOADA C205/0/0/1/205/
DYNFLEX

Running the Batch File

Usually the batch file will run and the all solution runs will be completed. Occasionally with buckling analysis
the solution may cease at the point of the first instability and the post buckling behaviour will not be possible
using the current DyNoFlex setting. In this particular type of analysis it is not important to trace post
buckling behaviour as the object of the analysis is only to predict it. Even if the solution fails the buckling
load is recorded and meaningful result will be obtained. On some models the batch file will stop because
DyNoFlex has encountered a non-trapped error. In such cases close the DyNoFlex Windows and allow the
batch to continue.
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6.3 Time Curves & DyNoFlex Options

The following time curves are used to apply the loading and activate the soil springs.

tcurve,1,3,1
0,0

5,1

1000,1

tcurve,3,4,1
0,0

10,0

15,1

1000,1

tcurve,4,4,1
0,0

15,0
15.0001,1
1000,1

tcurve,5,4,1
0,0

15,0

20,1

tcurve,6,4,1
0,0

20,0

30,1

100,8

tcurve,7,4,1
0,0

10,0
10.0001,1
1000,1

tcurve,8,4,1
0,0

10,0
10.0001,1
1000,1
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[~| F5-DyMNoFlex - Solution Control Rel8-1-23 Model: UHB_SINGLE N [=] 5

Histary Curve EEISEIEEI Br-:uwsel Edit I:urvel:asel Curves |

Murmber of Time Steps IBDD [~ Save Restart File
Time Step Increment [Delta-T] IEI_EIE [~ Festart Saolution

Solution Start Time [T) IEI List/Plat Inkerval |1 Modal Degrees of Freedom IE

Sub Result Output - Step Interval |1 Q0aa Flot Mode |1 72
Time History Flot - Step Interval I'I Diirection |2

¥ Mor-Linear Analpsiz [T Dynamic Analpsiz
[T Auto Time Steps T arget terations I-‘I

— Maon-Linear Ainalyziz Options

Mon-Linear Analyziz Effects _
[¥ Stess Stiffening [P-Delta] [ Euler Segment Correction

[+ Large Dizplacement [Updated Geormety]
[~ Matenal Initial Strain |0

[~ Be-fomn Keff on non convergence [only whern INTSE:1] +
Mumber of time step: between reforming Keff [IMTSE] |1
MHumber af time stepz between equilibrium lterations |1

b aximurn number of equilibrium: iterationz W
W Full MR Saln Convergence Tolerance  [nom
[T mhE Aceeleation + Conv on Force
Mumber Line Searches [0 or B] II:I_ ¢ Conv on Disp

" Conv on Baoth

[~ Time step predictor _
[v Continue Sol'n on non-convergence

" Load Case
Load Caze/Caombination II:‘IEH Browsze | ¢ PreCombine

[™ Soft Spring Option [ Lumped Loads % Combination

el | Batch | [ Look in Spstern Cloze |

Analyziz Optianz [Fun 1.D.) 101 -

Save Dptiu:unsl Del Optiong |
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6.4 Extracting Results from a UHB Model
This section described how the results from a UHB solution are accessed.
6.4.1 Special Utility

The objective of the UHB analysis is to establish the relationship between the axial force and minimum
cover height to prevent buckling for a given imperfection.

A special utility program is used to extract this data from the results. This is started from the Windows start
menu (FS2000/Pipe Utilities/UHB Results).

This will create and load an Excel spreadsheet containing either the buckling curves or the monitoring data.
It also create a text file containing the same data -.

& upheaval Buckling Rel8-1-2 Modek MIGAN_20

Murber of Imperfection Cazes IE Enter 1 for Crogzing Design

— Buckling — Maonitoring

Mumber of Cover Heightz IB Firzt Couple |-|
Element Mumber Iggg Last Couple W
First Result Case |'||:|1 Uplitt Resistance Stiffness (M.m) |1.32EIE+EIE

tonitoring Force

v Show Axial Force as Positive
tonitaring Cover

Buckling Force Charts tonitaring Diplacements

To access the buckling data the <model>.BRM should have been run.
To access the monitoring data the <model>.BRM_Mon should have been run.

The data should not require to be changed unless the model has been modified from that generated from
the UHB model generator.

The Element Number is the element whose axial force is to be monitored. The default is located at the
maximum prop height.

The First Couple located at the start of the imperfection zone and the Last Couple is located at the
maximum prop height. These couples are the vertical monitoring springs.

The Uplift Resistance Stiffness is the stiffness of the monitoring springs. The default is the stiffness
(RC5) generated by the UHB utility when the model data was created the and is governed by the Monitoring
Stiffness Factor. It is only used to evaluate the spring displacements. If RC5 in the model is changed
(sensitivity studies) then this value must reflect this value otherwise the displacement will be incorrectly
evaluated.

When the Buckling Force Chart button is clicked an Excel sheet will be created containing the axial
buckling forces (kN) in a table. The table columns represent the number of cover heights. The table rows
represent the number of imperfection cases.
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A B C D = F G o
1 | 3288.221] 4815.138 6504.539 8321.193 10220.84 12202.79 14185.68 16209.61
2 | 2412.39 3729.444 5214.708 6824.887 8518.29 10335.43 12235.25 14176.69
3 | 2027.972 3182.208 4301.888 5947.041 7316413 9209.538 10983.50 12844.30
4 | 1770.962 2800.242 3995.897 5316.565 6802.079 8371.805 10104.78 11881.45
5 | 1594.104 2539.829 3652.24 4889.972 6252.376 7779004 9389.975 11123.838
18000
16000
£ 14000
£ 12000
£ i 100N M
E 10000 — sl 7 3001 P11
& 8000 300mm
£ | .. sniemm: 4301 M1
o _,,,--*F === 500m m
£ 4000
2000 -
0

1 2 3 4 5 B 7 3
Cover Height x250mm

If Excel is not present of fails to run, the data will be echoed in a text file called <model>.~UHBuck

When the Monitoring Force button is clicked an Excel sheet will be created containing the forces (kN) in
the monitoring springs along the imperfection zone. The table columns represent the number of
imperfection cases. The table rows represent the spring location (1 is the start of the imperfection zone).
The data will be echoed in a text called <model>.~UHBMonF

When the Monitoring Cover button is clicked an Excel sheet will be created containing the required cover
(m) to provide the buckling resistance along the imperfection zone. This value is calculated (quadratic) using
the soil stiffness model described in Section 5.4. The table columns represent the number of imperfection
cases. The table rows represent the spring location (1 is the start of the imperfection zone). The data will be
echoed in a text called <model>.~UHBMonC

When the Monitoring Displacements button is clicked an Excel sheet will be created containing the
displacements (mm) in the monitoring springs along the imperfection zone. The table columns represent the
number of imperfection cases. The table rows represent the spring location (1 is the start of the imperfection
zone). The data will be echoed in a text called <model>.~UHBMonD

6.4.2 Using FS2000 - Results TASK

The batch file runs the buckling solution in a series with each cover height being common and the
imperfection height varying. The results for each cover height are overwritten but the files that contains the
time solution data is copied. This enables all solution time history element force data to be plotted.

The results from the UHB analysis can be post-processed like any other result case and the results
interrogated in the Results TAST. If 5 imperfection case are used result cases 101 - 105 will exist for the
buckling curves and 201 - 205 for the monitoring cases. The 101 - 105 results will be the cases for last
cover height. If other previous cover heights are required to be investigated simply run that section of the
batch to re-create the results.

A typical run with 5 imperfection cases and 8 cover heights will produce the 40 force plot files. The
numbering sequence is as indicated the table below.

p30 Advanced Structural Analysis
AES Ltd DocVN 8.105



FS2000
Pipe Property Utility V8

Analysis/Options

Re-numbered

Case history plot

l101 1 |
l102 2 |
D | |
l105 I |
l101 B |
P | |
l105 |10 |
D | |
l105 40 |

When loading these into the FS-Graph Time History Plot routine the DyNoFles Result Case Number should
be the Re-numbered case and the DyNoFlex Option Case the Option Case No.

The following would plot the axial force in E225 for the 5th imperfection case and 2nd cover height.

Bebntici= i

Model:MIGAN_20

DynaFlexs Result Caze Mo

T

DynaFlex Analysiz Option Cazse (D I'I 05

Element Murnber

Couple Mumber

=
—

Maode Mumber [Displacement] IEI

Compaonent Murber I1 (] |

L P |

The monitoring case only using the 5 imperfections cases and are these not overwritten, therefore these
results can be post-processed and viewed as per any other DyNoFlex result case.
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7.0 Expansion Analysis - Model Generator

The Expansion Model Generator is a utility that will generate a complete pipeline expansion model including
load cases. If the time history option is active the utility will also create a the FS-DyNoFlex options file and
time curve to undertake the thermal cycling analysis.

The input from becomes visible when the Expansion Model button is clicked

The main features of the utility are:

All pipe properties, seabed stiffness and loadings are generated from pipe data input form
Single pipe and Pipe-in-Pipe models can be generated

Pipe element temperature data is generated from simple user defined temperature profiles
Time dependent profile definition can be used to investigate pipe walking

The following basic procedure should be followed to create the model and complete the analysis.

Open a new model. Do not generate any data.

Create the temperature profile <model>.UTP(n) files.

Start the Pipe Properties Utility

Use the Pipe Properties to define the pipe and foundation properties and save the table. The Surface
Pipe option must be active for pipe walking analysis.

Click the Expansion Model button to make the Expansion data form visible

Enter the expansion design parameters appropriate to the pipeline configuration.

Click the Generate Model Data (UMEXP File) button.

Return to the FS2000 GUI

. In the Model Definition TASK use the Interpret File command to interpret the <Model>.UMEXP file.
10. Save the model

11. Go to the Primary TASK and Archive the model.

12. Open the model from its Archive format.

el N

©oNo O

If no temperature profile cases are defined then only two load cases will be created, the on bottom weight
case (L10) and a constant 200C temperature case (L11).

The resulting model can be run for simple expansion analysis using the 3D NL/Pile Analysis Option or the
FS-DyNoFlex Option. However, only the latter can used for pipe walking analysis since the solution requires
the use of time curves to apply the sequential loadings.

Amending/Modifying Data and Regenerating Models

When the UM file is interpreted in Step 9 the model will be 'empty’ i.e. no nodes or elements are defined. If
this is not the case the interpreted model will be incorrect because the interpreted entities will be appended
to the existing model. It therefore essential that if the model is required to be modified, the nodes, the
elements and the couples of the existing be deleted (ALL) and the model re-saved before Step 9 is
undertaken.

If the pipe properties are require to be used on a different model the existing parameter can be copied by
copying and re-naming the <modelname>.UMPipeProp and <modelname>.UMPipeProp2 data files.
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7.1 Expansion Definition Data
The following form is used to define the parameters for the Expansion model. It is used both for single case

expansion and sequential case expansion (pipe walking analysis). The option are save when the model
data is generated.

]
{* Type ¥ Beam

Element Length m |2

Pipaline Length I1 R0 " Type B Beam + M to M Type12/10 Couples

Tipe 8 Beam - Buried Fipe

— Temperature Profiles
Load . Load I Pipe in Pipe
Case No “F"8  CaseNo  Active

0 = Fipein Bipe

Spacer Pitch m IE
Spacer Friction II:I,E

% Bilinear Curve Type 7
" Contact Type 12

[0

TP

" Contact Type 5

R EE e e EEQ

W RN

AAAIARALIASA

= Create Actual Temp Profiles

% Create Incremental Temp Profiles

Cyclic Application [Fipe YW alking]
v Achvate

Mumber of Cycles I?

Generate Mode| [UMEF File] Cloze

When the Generate Model button is clicked the form data will be saved to a text file called
<modelname>.UMPipeProp2

The Element Length set length of the element. This is constant over the whole model. If pip-in-pipe is
being generated the inner pipe will also have same length. Void making this too small otherwise the model
will be unnecessarily large.

The Pipeline Length define the total length of the pipeline.

For surface pipelines the pipe/seabed interaction can be modeled with Type 7 elements or Type 6 element +
Type 12 couple elements. The latter option is should be used if the seabed reaction requires to be plotted.
For fully buried pipelines Type 8 elements will be used.

The Pipe in Pipe option if active the utility will generate a pipe in pipe model using the parameters defined
in the Pipe-in-Pipe options panel which will become active. When this is active the pipe property table must
have two entries. The first defines the outer pipe and the second defined the inner pipe. Pipe properties
are defined as for single pipe for both but with the following exception. The contents density of the outer is
used to define the density of the annular void between the two pipe. If this were air filled, this value would
be zero.

The Temperature Profiles defined the temperature cases to be created. A <model>.UTP(n), where n is
the load case number must exist for a case to be activated. Note that temperature profile can be plotted
within the Load Definition TASK using the TP button (Pipe Tool Bar).
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The temperature profile file is a simple text file which defined the profile along the pipeline, the same file is
used by FS2000's (Load Defintion TASK) ETPR command . Only the key points of the profile are require,
the routine will interpolate the profile and define the element temperature profile (note that the model
element numbering must start at label 1).The file format for the <model>.UTP(n) profile file is:

Number of points
Distancel, Temperaturel

A simple linear profile would be:
2

0, 200

1500,150

If the Create Actual Temp Profiles option is active the load case generated will be the actual profiles
defined in the UTP files. If the Create Incremental Temp Profiles option is active the load case generated
will be the difference between current temperature profile of that of the preceding case. For pipe walking
analysis the Create Incremental Temp Profiles option must be active.

Cyclic Application (Pipe Walking)

If the Sequential Time History option is active then a Loads Case Combination (LC100) will be created
which is associated with the time curves defined in load case L50 which is also created. A FS-DyNoFlex
options file (100) will also be generated which can be used to run the loading time history analysis. The load
cases are applied in the order of the list shown. If the Sequential Time History option is not active only the
temperature profile load cases will be created ie for individual solution using the Standard Non-Linear solver.

The Number of Cycles is used to define the number of times the time temperature profiles case are
required to be repeated. This number sets the maximum time duration for the FS-DyNoFlex solution and
the time curve duration limits.
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8.0 Reeling Analysis - Model Generator

The Reeling Model Generator is a utility that will generate a pipeline reeling model. This generator is used
in conjunction with a template model (ReelTemp.MOD) to create a full analysis model. The generator
creates the model and the template model provides the load case combinations, FS-DyNoFlex option
settings and the batch files.

The main features of the utility are:

All pipe geometry and load cases created

Nominal non-linear properties are generated

Single pipe and Pipe-in-Pipe models can be generated
Plastic stress and strains are evaluated

The following basic procedure should be followed to create the model and complete the analysis.

NGk~ WNE

Open a template model file (ReelTemp.MOD).

Start the Reeling Model Generator

Use the Pipe Properties to define the pipe properties and associated reeling radii

Click the Generate button.

Return to the FS2000 GUI

In the Model Definition TASK use the Interpret File command to interpret the <Model>.UMREEL file.
Save the model

Run the batch file to obtain the results

Note that to generate a straight pipe will require an iterative approach and it is unlikely that a perfectly
straight pipe will be obtained. When changing the straightener radius there is no reason to re-interpret the
model as this will only effect the load cases generated.

-O-
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8.1 Reeling Model Definition Data

The following form is used to define the parameters for the Reelin Model model.

Reeling Model Rel8-1-1 M™odel: REELTEMPLATE x|
00 Ouker A0 Wall Thickness II:I_I:I‘IE

0D Inmer |.2?4 wiall Thickness ||:|_|:|233
Reel Radius |8.23

Famp Radius 1017

Staightener Radiuz IB?
Spacing |2

Element Length % af Inner 0D I‘I oo

Cloze |

The generator will only generated pipe-in-pipe model so if only a single pipe is required, the inner pipe
(Property Code 2) will have to be deleted in FS2000. The connection Couples (Property Code 1) will also

have to be deleted.

Note: All radii are mean pipe radii.
Pipe strain = D/ (2R + D) where D = pipe od and R = reel radius

-0-
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